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Abstract

Background: Reaching an optimal nutritional intake is challenging in criti-

cally ill infants. One possible way to minimise nutritional deficits is the use

of protein and energy-enriched (PE)-formulas. We aimed to describe weight

achievement and gastrointestinal symptoms in infants admitted to the

paediatric intensive care unit (PICU) while receiving PE-formula for a

prolonged period.

Methods: Records from infants admitted to a multidisciplinary PICU and

using PE-formula were analysed retrospectively. Infants were eligible if they

received PE-formula daily for at least 2 weeks. Weight achievement was

determined as the difference between weight-for-age (WFA) Z-scores at the

start and end of PE-formula use. Gastrointestinal symptoms, including gas-

tric residual volume, constipation and vomiting, were evaluated as tolerance

parameters.

Results: Seventy infants with a median [interquartile range (IQR)] age of 76

(30–182) days were eligible. The PICU duration was 50 (35–83) days during
which they received PE-formula for 30 (21–54) days. Predominant admis-

sion diagnoses were post-cardiac surgery, respiratory and cardiac diagnosis.

A significant mean (SD) WFA Z-score increase of 0.48 (1.10) (P < 0.001)

and a median (IQR) weight gain of 5.80 (3.28–9.04) g kg�1 day�1 was

observed. Multivariate regression showed that a lower WFA Z-score at start

was associated with a higher WFA Z-score increase during PE-formula use

(b �0.35 (95% confidence interval = �0.50 to �0.19); P < 0.001). The

maximum 24-h gastric residual volume was 8.1 mL (IQR = 2.2–14.3) for

each 1 kg in bodyweight. Three (4%) infants were treated for diarrhoea and

three infants were treated for vomiting.

Conclusions: The majority of infants with a prolonged PICU stay showed

weight improvement when using PE-formula. PE-formula was well tolerated

because gastrointestinal symptoms only occurred in few infants.

Introduction

Critically ill children are at risk of developing malnutri-

tion during a stay in a paediatric intensive care unit

(PICU). Studies in Dutch populations have shown that

14% to 32% of critically ill infants already suffer from

acute or chronic malnourishment upon admission to the

PICU (1,2). Development of malnutrition during PICU

stay is associated with increased mortality, length of

mechanical ventilation and length of stay (3,4). Infants are
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particularly vulnerable to malnutrition because of their

limited body reserves and their higher nutrient require-

ments for growth and development (4–6). Also, a pro-

longed PICU stay is associated with lower weight-for-age

(WFA) Z-scores during and after admission in critically

ill infants (2). Therefore, providing optimal nutritional

support is especially important in critically ill infants

admitted for a prolonged time to the PICU (6,7).

This optimal nutritional support should account for

the different phases (acute, stable and recovery) of critical

illness (8). During the acute phase, there is a considerable

risk of overfeeding and nutrient restriction might be ben-

eficial in the early acute catabolic phase (9). During the

stable and recovery phase, there will be a shift from cata-

bolism to anabolism and nutritional support should focus

on increasing protein and energy intake to enable recov-

ery, growth and catch-up growth (8).

The preferred route to meet energy and nutrient

requirements is via enteral nutrition (EN). This is chal-

lenged by multiple barriers such as delayed initiation,

fluid restriction, interruptions as a result of perceived

feeding intolerance and prolonged fasting around proce-

dures (6). The use of standard infant formulas may result

in nutritional deficits as a result of the lower energy and

protein content of these formulas. Previously, it has been

shown in a small group of infants that protein balances

were positive in the first days after admission with the

use of protein and energy-enriched (PE)-formula com-

pared to standard formula (10). However, no data are

available on the prolonged use of PE-formula on recovery

and growth. The present study aimed to describe the fea-

sibility of PE-formula in infants with a prolonged PICU

admission by means of assessing gastrointestinal tolerance

parameters and weight achievement.

Materials and methods

Patients and setting

This retrospective database study was conducted at a mul-

tidisciplinary tertiary PICU. All medical records of infants

admitted from January 2007 until June 2017 using a PE-

formula (Infatrini�; Nutricia, Zoetemeer, The Nether-

lands) were reviewed concerning demographic variables,

daily nutritional intake and duration of PE-formula and

gastrointestinal symptoms.

Inclusion criteria were: (i) age between 37 post-men-

strual weeks and 12 months; (ii) a prolonged PICU stay

defined as a PICU stay of ≥14 days; (iii) a minimum of

14 days enteral feeding with PE-formula; and (iv) at least

80% of energy intake from PE-formula on days with PE-

formula use (energy intake provided by PE-formula

divided by the total energy intake; enteral and parenteral).

Exclusion criteria were: (i) oral intake other than human

milk or formula; (ii) interruptions from PE-formula of

more than 5 days or of more than 20% of the total dura-

tion of PE-formula use; and (iii) less than two weight

measurements reported or weight measurements less than

14 days apart during the period of PE-formula. The study

protocol was approved by the institutional review board

of the Erasmus Medical Center, Rotterdam, The Nether-

lands (MEC-2017-316). The committee waived informed

consent as a result of the retrospective design.

Nutritional intake

The type of enteral feeding was mainly chosen on discre-

tion of the clinician using a nutritional protocol in which

fluid restriction was taken into account. Human milk was

the first choice and preferred in all critically ill infants. In

general, a PE-formula (100 kcal per 100 mL; 2.6 g pro-

tein per 100 mL) was started if human milk was not

available in mechanically ventilated children >3.5 kg and

below the age of 12 months and in nonventilated children

on the discretion of the clinician. The preferred route was

via a post-pyloric tube. EN was started as soon as possible

after admission, preferably the day after admission. PE-

formula was generally switched to standard formula after

weaning from ventilation or when the weight goal was

achieved. If EN was tolerated, feeding was increased until

an energy target of twice the individual calculated resting

energy expenditure (using the Schofield equation for

weight) was achieved in all critically ill infants (11).

Anthropometric measurements

Weight measurements were performed according to local

protocol at the start and end of PE-formula use. Z-scores

for WFA were calculated using Dutch reference standards

(GROWTH ANALYSER RCT, version 4.0; https://growthanalyser.

org) (12). Changes in nutritional status were determined

as the difference between WFA Z-scores at start and end

of PE-formula use. The age of the infants was corrected

for prematurity for all measurements. A WFA Z-

score < �2 was used to indicate acute malnutrition (13).

Birth weight Z-scores were compared with WFA Z-scores

at start and end of PE-formula use. Birth weight Z-scores

were converted using the Fenton growth charts for pre-

term infants (14). As a result of the different standard val-

ues for expected growth, growth velocity in g kg�1 day�1

was calculated separately for infants between the ages of

0–3 months, 3–6 months and 6–12 months (15).

Gastrointestinal symptoms and tolerance

There is no validated definition for feeding intolerance;

therefore, gastrointestinal symptoms that are frequently

4 ª 2018 The British Dietetic Association Ltd.

Use of enriched formula in critically ill infants R. D. Eveleens et al.

https://growthanalyser.org
https://growthanalyser.org


used to describe feeding intolerance were used to deter-

mine tolerance to PE-formula. Parameters of enteral feed-

ing tolerance were recorded each day during PE-formula

use and consisted of gastric residual volume (GRV) (mL

kg�1 day�1; yes/no), vomiting (frequency) and defaeca-

tion (frequency), as well as treatment for vomiting, diar-

rhoea and constipation. Constipation was defined as 4 or

more days without stools. According to protocol, GRV

was checked every 4 h via a nasogastric tube. Gastric

retention was defined as GRV exceeding more than 50%

of the volume received in the previous 4 h when infants

were continuously fed or of the previous bolus feeding

volume when intermittently fed. When PE-formula was

interrupted by the clinician because of signs of gastroin-

testinal symptoms, these were also recorded.

Statistical analysis

Data are reported as the number (%), mean (SD or SEM)

if normally distributed or as the median [interquartile

range (IQR)] if not normally distributed. A paired-sample

t-test was used to evaluate the mean difference in WFA

Z-scores between start and stop of PE-formula. These

measurements were also compared with the WFA Z-

scores at birth. Stepwise multivariate linear regression

analysis was used to identify which baseline and admis-

sion variables were associated with alterations in WFA Z-

score during PE-formula use. Investigated variables were

gender, birth weight Z-score, prematurely born infants,

age and weight Z-score at start of PE-formula, diagnosis,

reason to start PE-formula, post-pyloric feeding and calo-

ric intake compared to the target. Variables were included

in the model if the association with the outcome had a

significance of P ≤ 0.1. Multicollinearity was assessed by

the variance inflation factor (VIF) calculated through a

linear regression between all included predictor variables.

VIF was calculated by 1/(1 – r2), using the total r2 from

the regression. Multicollinearity assumption is met if VIF

is below 2.5. The constant, unstandardised beta values

with their corresponding standard errors, 95% confidence

intervals (CIs) and P-values were reported for multivari-

ate linear regression model. All statistical analyses were

performed using SPSS, version 24 (IBM Corp., Armonk,

NY, USA). P < 0.05 (two-tailed) was considered statisti-

cally significant.

Results

Patients

In total, 470 infants received PE-formula during PICU

admission within the inclusion period of whom 70

infants were eligible for inclusion in the analysis. Reasons

for exclusion were receiving PE-formula <14 days or

<14 days between weight measurements (n = 335); <37
post-menstrual weeks or >1 year at start (n = 28); caloric

intake received via PE-formula less than 80% of total

caloric intake (n = 33); and an interruption of more than

20% of feeding duration (n = 8).

Of infants eligible for analyses, the median (IQR) PICU

length of stay was 49.7 (34.9–83.1) days in which they

received PE-formula for 29.2 (20.9–54.3) days. Predomi-

nant diagnostic groups were post-cardiac surgery (34%),

respiratory diseases (19%), cardiac diseases (11%) and

neurological conditions (6%) (Table 1).

Nutritional intake

The median (IQR) time between admission to the PICU

and start of PE-formula was 8 (1–24) days. Reasons to

start PE-formula were 30 (43%) infants in accordance

with the protocol for ventilated infants; 30 (43%) infants

because of insufficient growth; three (4%) infants because

of fluid restriction; five (7%) infants who had already

started before admission; and four (6%) infants where

the reason to start was not documented in the medical

files. The reasons to stop PE-formula were discharge from

PICU (n = 32); reaching weight goal (n = 12); signs of

enteral feeding intolerance (n = 8); and switching to stan-

dard formula after weaning from ventilation (n = 3). In

two (3%) infants, PE-formula was stopped because the

infant died during admission and the remaining 13

(19%) infants had no documented or other reason to

stop (Fig. 1).

The mean (SD) energy intake from PE-formula was

104.6 (19.4) kcal kg�1 day�1, which was 100.9% (21.5%)

of the energy target. Forty (57%) infants received the

amount of energy which was set as target. The mean

(SD) protein intake from PE-formula was 2.72 (0.50) g

kg�1 day�1.

Weight achievement

The mean (SD) WFA Z-score at start of PE-formula was

�1.93 (1.68); 33 (47%) infants had a WFA Z-score < �2.

The changes in WFA Z-scores from birth to start of PE-

formula and from start to stop of PE-formula are shown

in Fig. 2. A significant (P < 0.001) increase in mean (SD)

WFA Z-score of 0.48 (1.10) was noted during PE-formula

use and, at the end of PE-formula, the number of infants

with a WFA < �2 had decreased to 23 infants (33%).

Overall, the median (IQR) increase in body weight during

PE-formula use was 5.80 (3.28–9.04) g kg�1 day�1 and

7.54 (4.70–10.47), 4.49 (1.48–5.82) and 3.88 (2.92–6.18) g
kg�1 day�1 in infants between the age 0–3 months

(n = 40), 3–6 months (n = 13) and 6–12 months

(n = 17) respectively.
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Multivariate regression showed that a lower WFA

Z-score at start was associated with a higher increase in

WFA Z-score during PE-formula use (r2 = 0.26; b �0.35;

95% CI = �0.50 to �0.19; P < 0.001). Other predictive

baseline variables (e.g. WFA Z-score at birth, respiratory

diagnosis, corrected age at start and reason to start) were

not associated with changes in WFA Z-score during

PE-formula use.

Gastrointestinal symptoms and tolerance

Overall, five (7%) infants had constipation, whereas

another 19 (27%) infants were treated for constipation at

least once during PICU stay without fulfilling the criteria

for constipation. In total, 47 (67%) infants vomited at least

once during the period on PE-formula. Three infants (4%)

were treated for vomiting with oral rehydration solution

during the use of PE-formula. GRV was measured in 43

(61%) infants receiving EN via gastric or combined (gastric

and post-pyloric) route and in 22 (31%) infants receiving

EN via a post-pyloric route. The median (IQR) daily GRV

of infants receiving EN via gastric or combined route was

0.81 (0.13–2.08) mL kg�1 per 24 h. The feeding was pro-

vided via boluses (n = 10), continuous (n = 5) or both

continuous and boluses (n = 28) in these 43 infants. Gas-

tric retention occurred in two (5%) of the 43 infants via

gastric of combined route, as well as in one (5%) infant

receiving EN via a post-pyloric route. Parameters of gas-

trointestinal tolerance are summarised in Table 2.

PE-formula was stopped in eight (11%) infants as a

result of signs of enteral feeding intolerance, which com-

prised vomiting (n = 4), gastric retention (n = 2) and

signs of discomfort (n = 2) (Fig. 1). Infants received PE-

formula for a median (IQR) of 24.5 (15.9–55.0) days
before PE-formula was stopped and switched to standard

infant formula or an extensively hydrolysed (whey-based)

protein and energy-enriched formula.

Discussion

The present retrospective study describes weight gain and

parameters of enteral feeding tolerance in critically ill

infants with a prolonged PICU stay and beyond the acute

phase when using PE-formula. In the majority of the

infants, an improvement of WFA Z-score was achieved

and, overall, PE-formula was well tolerated. Before starting

PE-formula, 47% of the critically ill infants were identified

as acutely malnourished, emphasising the importance of

adequate nutritional support in this patient group. Previ-

ous studies have reported difficulties with respect to

achieving energy targets, with enteral intakes ranging from

12% to 38% of the prescribed targets (1,16–18). In the pre-

sent study, using PE-formula, 57% of the infants were able

Table 1 Patient and admission characteristics

Total group (n = 70)*

Patient characteristics

Gender male, n (%) 36 (51)

Birth weight (g) (n = 62), mean (SD) 2448 (�855)

Birth weight Z-score (n = 59),

mean (SD)

�0.64 (�1.21)

Gestational age (days) (n = 63),

median (IQR)

260 [242–270]

Age at start (days), median (IQR)† 76.2 [30.0–181.8]

Weight at start (g), median (IQR) 3943 [3289–5803]

WFA Z-score at start, mean (SD) �1.93 (�1.68)

HFA Z-score at start (n = 14),

median (IQR)

�1.44 [�2.44 to �0.75]

Admission duration (days),

median (IQR)

49.7 [34.9–83.1]

Nutritional intake

Post-pyloric feeding, n (%) 45 (64)

Feeding strategy, n (%)

Continuous 27 (39)

Portion 10 (14)

Both‡ 33 (47)

Duration admission to start

PE-formula (days), median (IQR)

8 [1–24]

Duration PE-formula (days),

median (IQR)

29.2 [20.9–54.3]

Percentage of PE-formula,

median (IQR)§
98.9 [93.8–100]

Diagnostic groups

Reason for admission, n (%)

Respiratory insufficiency 30 (43)

Cardiac surgery 15 (21)

Cardiac insufficiency 10 (14)

Gl surgery 4 (6)

Surgery other 2 (3)

Sepsis/infection 1 (1)

Neurology 1 (1)

Other 7 (10)

Primary diagnosis, n (%)

Cardiac surgery 24 (34)

Respiratory¶ 13 (19)

Cardiac 8 (11)

Neurology** 4 (6)

GI surgery 3 (4)

Surgery other 1 (1)

Infection/sepsis 1 (1)

Other 16 (23)

EN, enteral nutrition; GI, gastrointestinal; PE- formula, protein and

energy-enriched formula; PN, parenteral nutrition.

*Data are presented either as the number of subjects (%), median (IQR)

or mean (� SD).
†Age at start was corrected for prematurity in case gestational age

was below 37 weeks.
‡Patient received continuous drip and portion feeding during the per-

iod of PE-formula.
§Percentage of energy intake from PE-formula divided by total energy

intake (PE-formula, EN and PN).
¶Includes pneumonia, respiratory syncytial virus bronchiolitis and bron-

chopulmonary dysplasia.

**Includes neurosurgery, neurotrauma and epilepsy.
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to reach the energy target based on twice the individual

calculated resting energy expenditure (11).

Previous studies focusing on the effects of PE-formula

compared to standard formula were performed in infants

with viral bronchiolitis, infants after cardiac surgery and

mechanically ventilated children aged 1 month to

16 years (10,19,20). In these studies, PE-formulas were well

tolerated and a higher energy and protein intake and a

positive nitrogen balance were achieved compared to

standard formula. In all of these studies, no data were

reported about the follow-up of these children and specif-

ically not about growth.

So far, only a limited number of studies have investi-

gated weight achievement when using PE-formulas in non-

critically ill children (21,22). In a study investigating infants

with faltering growth receiving either a nutrient dense for-

mula or an energy supplemented formula, the nutrient

dense formula showed a trend toward better improvement

in length compared to the energy supplemented formula

after 6 weeks (21). Also, infants with complex medical con-

ditions receiving extensively hydrolysed PE-formula for

28 days showed a significant increase in WFA Z-scores (22).

To our knowledge, the present study is the first to examine

the course of weight in critically ill infants using PE-for-

mula for a longer period of time. In our study, weight gain

was achieved in 93% of the infants, whereas, in 71% of the

infants, an increase in WFA Z-score was observed.

Moreover, it appeared that infants who had a lower WFA

Z-score at start of the PE-formula benefited the most.

0

5

10

15

20

25

30

35

Protocol Growth 
insufficiency

Started before 
admission

Fluid restriction Other/Unknown

Discharge

Switch to standard formula

Weight goal reached

Deceased

Gastrointestinal symptoms

Other/Unknown

Reasons to stop

Reasons to start

Number of infants 

Figure 1 Reasons to start and stop protein and energy-enriched-formula in 70 infants.

Figure 2 Weight-for-age (WFA) Z-scores over time (n = 70). Protein

and energy-enriched (PE).

Table 2 Gastrointestinal symptoms in infants using PE-formula

Parameter n (%) or median (IQR)

Defaecation (n = 70)

Frequency per day 0.93 (0.85–1.00)

Number of patients with constipation* 5 (7%)

Number of patients treated for

constipation

24 (34%)

Number of patients treated for diarrhoea 1 (1%)

Vomiting (n = 70)

Number of patients with vomiting 47 (67%)

Number of patients treated for vomiting 3 (4%)

Retention (n = 65)†‡

Infants with gastric EN (n = 43)§

Number of patients with retention 2 (5%)

Average retention in 24 h (mL kg�1) 0.81 [0.13–2.08]

Maximum retention in 24 h (mL kg�1) 8.11 [2.18–14.32]

Infants with post-pyloric EN (n = 22)¶

Number of patients with retention 1 (5%)

Average retention in 24 h (mL kg�1) 2.11 [0.75–4.29]

Maximum retention in 24 h (mL kg�1) 11.70 [6.64–19.62]

*Constipation was defined as 4 or more days without defaecation.
†In 65 infants, both gastric residual volume and weight were recorded.
‡Only days with measurement were included in the analyses.
§Infants receiving enteral nutrition (EN) via a gastric route, including

infants receiving EN via both a gastric and a post-pyloric route.
¶Infants receiving EN via a post-pyloric route.

PE- formula, protein and energy-enriched formula.
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However, catch-up growth during the recovery phase of

critical illness and the implications for short- and long-

term outcome have never been reported. Previously, our

research group showed a decrease in WFA Z-score during

PICU stay in critically ill infants and children that was

related to cumulative negative energy and protein balances
(2). In this previous study, no PE-formula were used.

Overall, median weight velocity was 5.80 g kg�1 day�1.

Also, and as might be expected, weight velocity in infants

aged 0–6 months was higher than in infants aged 6–
12 months. Compared with the normal weight velocity

data for healthy infants, weight achievement in the present

study was similar for the three age groups: 0–3 months,

3–6 months and 6–12 months (15). Weight gain was

achieved by following the nutritional protocol with energy

target set at twice the resting energy expenditure (calcu-

lated with the Schofield equation for weight) (11).

Although indirect calorimetry is currently the golden stan-

dard for determining the individual energy requirement

during critical illness in the acute phase and to detect

over- or underfeeding (23,24) in the stable and recovery

phase of (critical) illness, an increase in the amount of

energy to enable weight gain is recommended in those

infants who have a prolonged stay in the PICU (8). More-

over, it is suggested to increase the protein-energy ratio to

enable adequate (catch-up) growth, especially in (criti-

cally) children with acute malnutrition (25–27).

Intolerance to EN is frequently reported in critical illness

but, surprisingly, no uniform definition exists. To report

tolerance to PE-formula, we decided to describe gastroin-

testinal symptoms that are frequently used in relation to EN

intolerance in critically ill children, such as large GRV,

vomiting, diarrhoea or constipation (28–30). In the present

study, PE-formula was well tolerated because signs of intol-

erance only occurred in few of the infants. This is in accor-

dance with previous findings in which early administration

of PE-formula in critically ill infants with viral bronchiolitis

was also well-tolerated (10). GRV is one of the most

routinely used parameters in the PICU despite a lack of

evidence to support this parameter and current guidelines

challenge the use of GRV as a marker for feeding intoler-

ance (6,31). There is also no consensus for a standardised

threshold for large GRV; however, the threshold of more

than 50% of the feeding volume of the previous 4 h has

been used in some studies and is the standard of care in our

PICU (32,33). In the present study, gastric retention occurred

in two infants receiving their feeding via a gastric route or a

combined route and in one infant receiving EN via a post-

pyloric route. We reported GRV separately for the two feed-

ing routes because there is some evidence advising against

the routine advancement of postpyloric tubes. In these

infants, large GRV might not indicate feeding intolerance

or correlate with delayed gastric emptying. However, gastric

aspiration might be useful for detecting tube dislocation

when gastric retention does not solely consist of gastric

secretion (34,35). The prevalence of constipation was 7%,

which is much lower than previously reported in a study of

critically ill children (prevalence of 46.7%) (36). Of note, we

did find a large number of infants (62%) who vomited at

least once when on PE-formula. In this age group, some

regurgitation could be physiological as a result of immatu-

rity. We were not able to differentiate between physiological

and nonphysiological vomiting. In 11% of infants, the PE-

formula was stopped because of signs of enteral feeding

intolerance, with vomiting being the most reported reason.

This percentage is relatively low compared to the prevalence

of enteral nutrition discontinuation as a result of the feed-

ing intolerance reported in literature (prevalence ranging

from 7% to 29%) (37–40).

The lack of a comparison group receiving (fortified)

human milk or standard infant formula and the retro-

spective design are major limitations of the present study.

It is therefore not known whether the same growth would

have been achieved with human milk or standard for-

mula. However, in clinical practice, it is known that

achieving adequate nutritional goals is very difficult

because these children frequently have fluid restriction, in

addition to any consideration of the lower protein-energy

ratios of these types of feeding. Other factors, such as i.v.

fluid administration and the presence of oedema, might

influence body weight and therefore the measured weight

may not accurately display the alterations in lean body

mass. Unfortunately, we were unable to account for these

influencing factors, such as the presence of oedema,

because no information was reported in the records.

However, by using a long interval between measurements,

in conjunction with our experience with respect to chil-

dren often being oedematous at the start of admission to

the PICU, we consider that the influence of possible fluid

imbalances on our results was limited. Additional anthro-

pometric measurements to assess the nutritional status,

such as length and mid-upper arm circumference, could

not be evaluated in this retrospective study. Infants with

chromosomal or syndromic disorders were not excluded

and specific growth charts were not taken into account.

The final limitation is a possible selection bias in the

description of enteral gastrointestinal parameters. Only

infants with a prolonged PE-formula use were considered

to be eligible in our analysis of the weight course. Conse-

quently, infants in the present study already tolerated PE-

formula for at least 2 weeks.

Conclusions

The majority of critically ill infants receiving protein and

energy-enriched formula for a prolonged period gained
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weight and had an increase in WFA Z-score during PICU

admission. Furthermore, signs of gastrointestinal intoler-

ance were sparse during PE-formula use.
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Abstract

Background: Baby-led weaning (BLW) is a method of introducing solid

foods to infants, which centres around the infant self-feeding family foods.

BLW has grown in popularity over the last 10 years; however, although

research is starting to build around the safety and impact of the method,

research examining intake is sparse. This is important because concerns

have been raised by healthcare providers regarding the nutrient and energy

sufficiency of BLW. The present study aimed to invstigate exposure to dif-

ferent food types based on different weaning approaches.

Methods: One hundred and eighty parents completed a 24-h recall of the

foods given to their babies aged 6–12 months. Respondents were split into

those following strict BLW, loose BLW and traditional spoon-feeding.

Recalls were examined to ascertain the number of times in 24 h infants were

given different types of foods, including iron-containing foods. The results

were then compared between different weaning groups and age groups.

Results: Several significant differences were found between the frequency of

foods eaten by different weaning and age groups: in the youngest age group,

strict BLW infants were more likely to be exposed to vegetables (P = 0.000)

and protein (P = 0.002) than traditionally weaned babies, whereas, at all age

groups, the traditionally weaned group had the highest exposure to compos-

ite meals. However, no significant differences were found in reported expo-

sure to iron-containing foods between weaning groups at any age. Maternal

age, education and milk feeding method were controlled for throughout the

analyses.

Conclusions: The findings add to a growing body of evidence that suggest a

BLW approach may be safe and sufficient.

Introduction

The introduction of solid food to infants traditionally

involves using purees or soft baby cereals spoon fed to

the infant by a caregiver, gradually progressing through

coarser textures until the infant is eating family foods at

around 12 months. However, the last 10 years has seen

the growth in popularity of an alternate method of intro-

ducing solids, Baby-led weaning (BLW), which promotes

the self-feeding of finger foods from approximately

6 months of age, completely skipping the traditional par-

ent-led spoon-feeding stage of weaning (1). Anecdotally,

BLW is now used by many parents, although no formal

measurement of the frequency of this weaning approach

has been conducted.

Despite its growth in popularity, BLW is not part of

official UK weaning guidelines partly as a result of the

limited evidence base and a lack of conclusive evidence
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for the efficacy or safety of the method (2). Observational

small scale research suggests that BLW does not increase

the risk of choking (3,4), and may promote better appetite

control (5,6), healthier weight trajectories (5,7) and lower

fussiness (5). However, in the only randomised controlled

trial of the approach, no difference in weight was found

between those following a baby-led or traditional

approach to solids, although this was based on infant

weight at 12 months old, rather than the weight of older

children(8).

One of the key areas where research needs to focus is

the impact of weaning approach upon nutrient intake in

infants. Healthcare professionals have raised concerns that

infants who are self-feeding may not consume sufficient

energy or nutrients, in particular iron (6,9), although par-

ents do not share this anxiety (10,11).

Data on food intake are sparse. In survey research with

preschool children (7), those who had followed BLW were

more likely to prefer carbohydrate-based food compared

to the sweet foods preferred by those weaned tradition-

ally. In New Zealand, a randomised controlled trial of a

modified baby-led approach found that, at 6–8 months of

age, infants who were following a strict baby-led

approach consumed less iron, zinc and vitamin B12 in a

weighed food study than traditionally weaned infants,

although infants weaned with a mixed approach had

nutrient intakes similar to the traditionally weaned group
(12). Infants in the baby-led group also consumed more

energy overall, including a higher fat intake, although

guidance for this group was to offer a modified version

of BLW including energy dense, high-fat foods every day

because of concerns reagarding undernutrition, which

may have affected intake (8).

In later research from the same group, zinc intake and

status were assessed at 12 months using a weighed food

diary and plasma zinc concentration. No significant dif-

ference was found between the modified BLW (BLISS)

group and the traditionally weaned group (13). The most

recent research from this group has found that, at

12 months, those babies following BLW had a lower satu-

rated fat intake than the control group, although there

were no differences between the groups at 24 months.

However, most children in each group were consuming

more than the recommended amounts of sodium (68%

of children) and sugar (75% of children) (14).

Given the increasing popularity of the baby-led

approach coupled with concerns of healthcare profession-

als and the lack of official guidance, evidence examining

the intake of infants introduced to foods in different ways

is clearly needed. The present study aimed to address this

knowledge gap by recording and comparing the exposure

to different foods of infants aged 6–12 months weaned

using traditional spoon-feeding and BLW via 24-h recall.

Materials and methods

Participants

Study participants comprised parents living in the UK

with an infant aged 6–12 months old who had started

complementary foods. Exclusion criteria included an

inability to consent, significant infant health issues affect-

ing the introduction of solids (e.g. failure to thrive) and

premature birth (<37 weeks of gestation) or low birth

weight (<2.5 kg) because these can affect timing and pro-

gression of solids. Parent ages ranged from 18 to

44 years, with a mean (SD) age of 32 (5.2) years,

whereas babies ranged from 26 to 52 weeks, with a mean

(SD) age of 38.1 (8.2) weeks. Approval for the study was

granted by a University Research Ethics Committee. All

participants provided their informed consent, and all

aspects of the study were performed in accordance with

the ethical standards set out in the 1964 Declaration of

Helsinki.

Measures

Participants completed an online survey consisting of

demographic information (age, level of education, employ-

ment, occupation), questions about feeding method from

birth, the approach to the introduction to complementary

foods and a 24-h food recall task.

To gather information on self-identified weaning

approach, participants were given the following definition

of the baby-led approach and asked whether they felt

their method matched this strictly, loosely or not at all:

BLW is the process of placing foods in front of your

baby and letting them feed themselves – picking the

food up themselves and putting it in their mouths

unassisted, rather than being spoon-fed by a parent.

This could involve them using a spoon themselves.

BLW tends to involve offering the baby family foods

rather than offering pureed foods

This self-identification was verified by asking follow up

questions on how they were feeding their infants. Partici-

pants responded to how often their infant was spoon-fed

by an adult [seven point scale: Always spoon-fed by adult

through to Never spoon-fed by adult] and similarly for

how often infants received pureed foods [seven point

scale: Always pureed food through to Never pureed

foods]. These questions were used to check whether par-

ticipants’ self-identified method matched their behaviour:

Strict BLW was considered to include points 6 and 7 on

the scale (e.g. Never or Rarely), whereas traditional wean-

ing was considered to include points 1 and 2 on the scale

(e.g. Always or Mostly always). Loose BLW fell in the

middle of the scale. Participants remained self classified
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as strict BLW only if they ‘never or rarely’ offered purees

or spoon-fed their infants, remained self classified as

loose BLW if they ‘occasionally or sometimes’ used

purees and spoon-feeding, and traditional if they ‘often,

mostly or always’ used purees and spoon-feeding. All par-

ticipants remained in their identified group.

For the 24-h diet recall, participants were asked to list

all the foods and drinks, including milk feeds of breast or

formula milk, offered to their baby over the previous

24 h. Participants were asked to give as much detail as

they could about each type of food and drink consumed,

such as brands and the amount of food offered and the

time of day that they were consumed. Participants were

given an example of the level of detail the recall might

contain. Those breastfeeding were asked to note how long

their baby nursed, and those formula feeding or giving

cow’s milk (or alternatives) were asked to report the

quantities offered.

Dietary assessments using 24-h recalls are widely used

in nutrition intake studies because they are cheap, rela-

tively easy to administer and offer a ‘snapshot’ of a par-

ticipant’s diet. Other benefits are that they allow grouping

of types of food, such as sweetened beverages or green

vegetables, and totals can then be aggregated and com-

pared between groups. They are particularly useful for

population or group studies, have been validated for this

purpose and have also used with babies (15–18).

Procedures

The questionnaire was hosted via SurveyMonkey (https://

www.surveymonkey.co.uk). Adverts for the study contain-

ing brief information, inclusion criteria and researcher

details were shared online in parenting forums [e.g.

Mumsnet (https://www.mumsnet.com), Netmums (https://

www.netmums.com)], baby and feeding groups on

Facebook (https://www.facebook.com), and on Twitter

(https://twitter.com). Permission was gained from web

page/group moderators before sharing the adverts.

Potential participants clicked on the study link and

were given full study information, including researcher

contact details for further questions. Participants were

also given details on how to request a paper copy of the

questions and consent forms and how this could be

returned to the researcher anonymously. The remainder

of the questionnaire only loaded once consent items were

completed, including giving the first three letters of post-

code to ensure UK only completion. A debrief at the end

of the questionnaire encouraged participants to seek

advice from a healthcare provider if the survey had raised

any concerns or questions about weaning, baby feeding,

weight or general health, alongside a reminder of

researcher contact details if needed.

Data analysis

When the raw data were initially analysed, partially com-

pleted questionnaires and responses that had not fully

complied with the 24-h recall, instructions were excluded.

The aim of the analysis was not to measure specific

nutrient intake but, instead, to compare exposure to dif-

ferent food groups, such as how often the infant had

eaten a certain type of food, rather than an analysis of

individual nutrient intake. This method of assessing

intake had previously been used in a UK study focused

on BLW and infant preferences (7).

All items reported were therefore classified into a food

group (Table 1) adapted from similar research examining

nutrient intake in infants and young children (7,19,20). The

food groups comprised: carbohydrates, savoury snacks,

sweet foods, proteins, dairy foods, vegetables, fruits, com-

posite meals and iron-containing foods. Composite meals

referred to jarred or homemade foods that contained a

number of different items, although the items were not

specified (e.g. ‘chicken dinner’). Conversely, if the respon-

dent had written ‘chicken breast, potatoes, carrots and

peas’, the separate food groups would have been counted.

The frequency of exposure for each food group over

the 24-h period was then calculated. Where multiple dif-

ferent foods were offered in the same meal, a count was

made for every different item (e.g. a meal consisting of

potatoes, fish, cheese sauce, peas and carrots would have

been noted as having 1 carbohydrate, 1 protein, 1 dairy, 2

vegetables and 1 iron-containing food).

A further calculation was made for number of iron-

containing foods offered, following the classifications used

Table 1 Food group classifications

Group Examples

Milk feeds Breast, formula, cow’s milk, alternatives

Carbohydrates Cereals, pasta, rice, potatoes or bread

Vegetables All vegetables, including starchy varieties

Fruit All fruits, whether tinned, fresh or frozen

Savoury

snacks

Processed snacks such as baby crisps, breadsticks

or crackers

Sweet foods Desserts, chocolate and puddings

Protein Meat, fish poultry, eggs, tofu, pulses and legumes

Dairy Milk, cheese and yoghurts from cow’s or goat’s milk

‘Infant meals’ Composite meals where the individual components

were pureed or where the individual components

could not be discerned, such as commercial

pureed baby food or a simple description such as

‘curry’

Iron

containing

foods

Beef, chicken, fish, ham, lamb, bacon,

Liver (including pât�e), (luncheon sausage or other

sausage, pork, salami, processed meat sausages,

iron-fortified infant cereal, baked beans, lentils,

hummus, chickpeas (other than hummus)
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by Cameron et al., 2015. These foods were also counted

in their primary food groups (e.g. strips of roast beef

counted once in the protein category and again in the

iron-rich foods category).

Data were analysed using SPSS, version 22 (IBM Corp.

Armonk, NY, USA). Participants were split into three

weaning groups based on their self-identified response

(strict BLW, loose BLW and traditional) and checked

against frequency of spoon and puree use. Participants

were also split into three groups based on infant age.

Infants aged 6–8 months were grouped together (repre-

senting the early months of solids introduction), 9–
10 months (representing the middle period) and 11–
12 months (when infants should be moving towards eat-

ing family foods at each meal).

Multivariate analysis of covariance (MANCOVA) was then

used to explore differences in exposure between the three

different groups separately for each age group (controlling

for maternal demographic factors, such as age, occupation

and education). Post-hoc Bonferroni tests were carried

out to clarify any significant differences between the

groups.

Results

Participant characteristics

One hundred and eighty parents (178 mothers and two

fathers) completed the study. Of those, fifty-six were clas-

sified as strict BLW (31.1%), eighty-eight as loose BLW

(48.9%) and thirty-six (20.0%) were using traditional

spoon-feeding. Mean parental age was 32 (range 18–
44) years. Further participant details, are provided in

Table 2.

In terms of infant background, 83 infants were female

(46.1%), 96 were male (53.3%) and one was undeclared

(0.6%), with a mean (SD) age of 38.1 (8.197) weeks.

Details of numbers in each weaning and age group are

provided in Table 3. Within each age category, no signifi-

cant difference in age was found between infants in the

three weaning groups.

Influence of milk feeding

Participants were asked whether they were currently

breast, formula or mixed breast and formula feeding for

milk feeds. Given associations between milk feeding and

later eating behaviour, the association between weaning

group and milk feeding was examined using chi-squared.

A significant association was found (v2 = 24.136,

P = 0.000). Table 4 shows that mothers who followed a

strict baby-led style were more likely to be breastfeeding.

Milk feeding type was therefore controlled throughout

further analyses.

For each age group, differences in frequency of food

groups consumed were examined across the three wean-

ing groups, using a MANCOVA, controlling for maternal

demographic background (age, education), age of intro-

duction to solids and milk feeding type. Post-hoc Bonfer-

roni tests were used to explore differences between

groups.

Infants aged 6–8 months

Significant differences were found in exposure to vegeta-

bles, protein and composite meals between the three

weaning groups (see column 4 in Table 5). Post-hoc Bon-

ferroni tests showed that, for vegetable portions, those in

the strict BLW group had significantly higher exposure

than the traditional group (P = 0.000). Those in the loose

BLW group had higher exposure than those in the tradi-

tional group (P = 0.016). For protein, those in the strict

Table 2 Participant demographic background

Demographic Group N %

Education No formal education 2 1.1

GCSE 3 1.7

A Level 26 14.4

Degree or equivalent 87 48.3

Postgraduate qualification 61 33.9

Marital status Married 136 75.6

Widowed 1 0.6

Divorced 2 1.1

Separated 3 1.7

Domestic partnership/civil union 31 17.2

Single 6 3.3

Employment Full time 31 17.2

Part time 27 15.0

Parental leave 91 50.6

Not working 31 17.2

Occupation Professional/managerial 80 44.4

Skilled occupations 62 34.4

Unskilled occupations 13 7.2

Unemployed 0 0

Stay at home parent 25 13.9

Table 3 Number of infants in each weaning and age group

Age group

Weaning group

Overall NStrict Loose Traditional

Group 1:

6–8 months

19 (22.9%) 45 (54.2%) 19 (22.9%) 83

Group 2:

9–10 months

15 (33.3%) 22 (48.9%) 8 (17.8%) 45

Group 3:

11–12 months

22 (42.3%) 21 (40.4%) 9 (17.3%) 52

Overall 56 (31.1%) 88 (48.9%) 36 (20.0%) 180
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BLW had a higher exposure compared to the traditional

group (P = 0.002), whereas the loose BLW also consumed

more than the traditional groups (P = 0.001). For com-

posite meals, the strict BLW was offered significantly

fewer portions than the traditional group (P = 0.002),

whereas the loose BLW group also consumed less than

the traditional group (P = 0.000). No further significant

differences were seen.

Infants aged 9–10 months

Significant differences in exposure were only seen between

the groups for number of milk feeds and dairy consump-

tion (Table 5). Post-hoc Bonferroni tests showed that

infants in the strict BLW group had significantly more

milk feeds than those in the loose BLW group

(P = 0.006); however, the significant difference in dairy

exposure between groups did not survive post-hoc testing.

No further significant differences were seen.

Infants aged 11–12 months

Significant differences were found between groups for

exposure to savoury snacks, dairy products and composite

meals (Table 5). For savoury snacks, post-hoc Bonferroni

tests showed that infants in the loose BLW group had sig-

nificantly higher exposure than those in the strict BLW

group (P = 0.015). Again, for dairy, infants in the loose

BLW group had significantly higher intake than those in

the strict BLW group (P = 0.009). Composite meal expo-

sure was significantly higher in the traditional group

compared to the strict BLW group (P = 0.045). No fur-

ther significant differences were seen.

Discussion

The present study examined differences in exposure to

different food groups over a 24-h period for infants aged

6–12 months who were introduced to solids using strict

BLW, a looser version of BLW and a traditional spoon-

feeding approach. Overall, the findings showed several

significant differences. Broadly, infants following a stricter

BLW approach had increased exposure to key foods such

as vegetables and proteins, whereas traditionally weaned

infants had a greater reliance on composite meals. No sig-

nificant differences were found in the intake of iron-con-

taining foods for any of the groups. Although there are

limitations, these findings will be of interest to those with

concerns around nutrient intake in infants following a

baby-led approach.

For the youngest infants aged 6–8 months, there were

several significant differences in exposure. Vegetables were

offered most often in the strict BLW group and least in

the traditional group. Although causation cannot be

established, it may be that the baby-led approach encour-

ages higher intake of vegetables. Infants following BLW

are typically offered chunky finger foods, with foods such

as cooked broccoli stalks and carrot sticks being recom-

mended as suitable first foods (1). Alternatively, parents

who choose to follow BLW may be more likely to offer

more vegetables, although maternal age and education

were controlled for throughout the analysis.

Traditionally weaned infants reliant on commercial

foods may be exposed to a lower vegetable intake as a

result of the composition of commercial infant foods. A

recent study examining the contents of commercial

infant food in the UK found that most first commercial

pureed infant foods are based around fruits rather than

vegetables, even when vegetables were in the product

name. When vegetables were included in products, they

tended to be sweet varieties such as carrots (21). Thus,

parents following a traditional approach, who may be

more likely to rely on jars or pouches (22), may be

offering vegetable foods that are higher in sugars, rather

than less palatable green vegetables because of wider

availability. A tendency for a higher consumption of

vegetables may therefore be a benefit of BLW because

early and frequent exposure to the bitter tastes in veg-

etables may increase greater acceptance of these tastes

when babies are older (22–25).

Protein exposure (excluding milk intake) was also sig-

nificantly different between the groups, with the strict

and loose BLW groups having a similar exposure of just

under one portion a day and the traditional group having

Table 4 Milk feeding style by weaning group

Weaning group

Breast milk Formula milk Mixed None*

TotalN % N % N % N %

Strict BLW 44 78.4% 7 12.5% 3 5.4% 2 3.6% 56

Loose BLW 55 62.5% 24 27.3% 5 5.7% 4 4.5% 88

Traditional 11 30.5% 19 52.8% 5 13.9% 1 2.8% 36

Total 110 60.5% 50 27.8% 13 7.2% 7 3.9% 180

*No breast or formula milk offered or noted on the recall. BLW, baby-led weaning.
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just 0.05 portion a day. Again, this is probably a result of

the different types of foods encouraged in the different

weaning methods. BLW babies may be offered a strip of

omelette or piece of meat as part of a meal. Conversely

spoon-fed babies may not be given high protein foods

until later in the weaning process, perhaps because tradi-

tional first weaning foods may be based around fruit and

vegetable purees or infant cereal. Indeed, no significant

difference in protein exposure was found for older babies,

with all increasing over time.

This finding challenges the assumption that baby-led

weaned babies are not receiving nutrient-dense foods

such as protein when solids are first introduced (6,9).

However, it should also be noted that babies can get most

of their protein requirements from milk at this stage (26),

with the recommended intake of breast or formula milk

providing the majority of protein needed (27,28). Milk

should still form the major part of the diet through the

first year, and breast milk intake at 7 months has been

estimated at 875 mL per day (93% of kcal required) (29).

This means that complementary foods would need to

provide just 7% of total energy intake. Exposure to differ-

ent tastes and textures is likely more important than vol-

ume at this stage.

Table 5 Differences in food groups offered between weaning groups

Age group Food group

Strict BLW,

mean (SD)

Loose BLW,

mean (SD)

Traditional,

mean (SD) Significance

6–8 months Milk feeds 6.05 (1.75) 5.62 (1.97) 4.68 (2.24) F2,75 = 2.413, P = 0.096

Carbohydrates 1.47 (0.96) 1.65 (1.10) 1.11 (0.81) F2,75 = 1.895, P = 0.157

Vegetables 2.58 (1.64) 1.78 (1.64) 0.58 (0.90) F2,75 = 8.637, P = 0.000*

Fruit 1.68 (1.29) 1.50 (1.13) 1.68 (0.75) F2,75 = 0.275, P = 0.760

Savoury snacks 0.05 (0.23) 0.22 (0.42) 0.16 (0.50) F2,75 = 1.159, P = 0.319

Sweet foods 0.26 (0.56) 0.30 (0.72) 0.47 (0.70) F2,75 = 0.552, P = 0.578

Protein 0.89 (0.81) 0.85 (0.83) 0.05 (0.23) F2,75 = 8.939, P = 0.000†

Dairy 0.53 (0.61) 0.75 (0.78) 0.74 (0.93) F2,75 = 0.567, P = 0.570

Meals 0.32 (0.58) 0.32 (0.47) 1.05 (0.91) F2,75 = 9.646, P = 0.000‡

Iron-rich foods 0.74 (0.73) 0.67 (0.66) 0.47 (0.77) F2,75 = 0.759, P = 0.472

9–10 months Milk Feeds 5.60 (2.53) 3.55 (1.50) 3.71 (0.76) F2,41 = 5.873, P = 0.006§

Carbohydrates 2.00 (1.20) 2.50 (0.96) 2.14 (1.07) F2,41 = 1.084, P = 0.360

Vegetables 2.00 (1.73) 1.59 (1.40) 2.43 (2.30) F2,41 = 0.739, P = 0.484

Fruit 2.13 (1.41) 2.05 (1.29) 2.43 (1.13) F2,41 = 0.227, P = 0.798

Savoury snacks 0.67 (1.23) 0.68 (0.72) 0.71 (0.76) F2,41 = 0.006, P = 0.994

Sweet foods 0.27 (0.46) 0.50 (0.60) 0.43 (0.54) F2,41 = 0.825, P = 0.445

Protein 1.53 (0.99) 1.23 (1.48) 1.57 (0.54) F2,41 = 0.375, P = 0.690

Dairy 0.80 (0.68) 1.68 (1.17) 1.71 (1.50) F2,41 = 3.303, P = 0.050¶

Meals 0.33 (0.49) 0.64 (0.66) 0.86 (1.07) F2,41 = 1.610, P = 0.212

Iron rich foods 1.13 (0.64) 1.14 (0.71) 1.86 (0.90) F2,41 = 2.970, P = 0.062

11–12 months Milk feeds 4.00 (2.25) 3.53 (2.09) 2.89 (2.09) F2,47 = 0.873, P = 0.425

Carbohydrates 2.55 (1.01) 2.42 (0.90) 2.11 (0.78) F2,47 = 0.691, P = 0.506

Vegetables 1.77 (1.41) 1.79 (1.13) 1.11 (1.27) F2,47 = 0.998, P = 0.376

Fruit 2.18 (1.53) 2.89 (1.60) 2.11 (0.93) F2,47 = 1.469, P = 0.241

Savoury snacks 0.32 (0.72) 1.05 (0.91) 0.67 (0.71) F2,47 = 4.349, P = 0.018**

Sweet foods 0.45 (0.60) 0.53 (0.61) 0.11 (0.33) F2,47 = 1.714, P = 0.191

Protein 1.55 (0.91) 1.16 (0.83) 0.78 (0.67) F2,47 = 2.861, P = 0.067

Dairy 1.14 (1.13) 2.47 (1.43) 2.22 (1.72) F2,47 = 5.365, P = 0.008††

Meals 0.27 (0.55) 0.58 (0.69) 0.89 (0.60) F2,47 = 3.437, P = 0.040‡‡

Iron rich foods 1.45 (0.67) 1.11 (0.74) 1.33 (0.50) F2,47 = 1.389, P = 0.259

Superscripts denote post-hoc Bonferroni test results:

*Strict baby-led (BLW) weaning had higher exposure than traditional group (P = 0.000). Loose BLW group had higher exposure than the tradi-

tional group (P = 0.016).
†Strict BLW group had higher exposure than traditional group (P = 0.16). Loose BLW also had higher exposure than traditional group (P = 0.002).
‡Traditional group had higher exposure than both strict BLW (P = 0.002) and loose BLW (P = 0.000).
§Strict BLW had more milk feeds than the loose BLW group (P = 0.006).
¶Differences in dairy consumption did not survive the Bonferroni test.

**Loose BLW group had higher exposure than the strict BLW group (P = 0.015).
††Loose BLW group had higher exposure than the strict BLW group (P = 0.009).
‡‡Traditional group had higher exposure than the strict BLW group (P = 0.045).
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Finally, in the youngest age group, the traditional

group had a higher exposure to composite meals. A

higher consumption of composite meals would be

expected in the traditionally weaned group at this age

because pureed family meals or baby food jars are often

used in traditional spoon-feeding. Indeed, composite meal

exposure was highest in the traditional weaning group for

all ages, following findings in previous research, which

found parents using a traditional approach tended to use

more commercial products (30).

This is important because concerns have been raised over

a high intake of commercial baby food products (31–35).

Specifically, this may have implications for energy and

sugar intake as commercial jarred baby food may provide

portion sizes that provide more calories from solid foods

than a child of this age requires (32). For babies aged 7–
9 months, studies found that 61% of products aimed at

this age group contained more energy than necessary yet,

at the same time, many infant foods were not as energy

dense as they should be, providing little energy but lots

of bulk. Commercial baby foods may also contain excess

sugar: one UK study found that sweet, spoonable foods

contained twice as many sugars as breast milk and dry,

nonfruit snacks, such as rusks, contained four times as

much sugar (31). As noted above, commercial foods tend to

be more similar in taste, with a reliance on sweet foods (23).

In the 9–10 months age group, significant differences

between weaning groups were only seen for the number

of milk feeds and dairy exposure. The highest number of

milk feeds was seen in the strict BLW group. Over 86%

of this group were breastfeeding, with studies showing

that breastfed infants tend to feed more frequently and

irregularly than bottle-fed infants (30,36–38). It is difficult

to determine milk intake for breastfed infants, although

volume at each feed is typically lower than for a formula-

fed infant (39). Therefore, this finding may be a result of

those in the strict BLW group feeding more frequently,

rather than having greater intake. This would fit with

findings that those following a BLW approach tend to be

more responsive in their overall feeding style (10). How-

ever, it may also indicate that those in the BLW group

are following recommendations to move more gradually

to a family diet. Further research could explore the pro-

portion of energy intake attributed to milk through the

weaning process. Dairy food exposure was also found to

be significantly different, with the loose BLW and tradi-

tional weaning groups being exposed twice as many times

compared to the strict BLW group, although the results

were not significant when a Bonferroni post-hoc test was

applied.

In the oldest 11–12 months group, significant differ-

ences were found in exposure to dairy products. Infants

in the strict BLW group had the lowest exposure, with

the loose BLW and traditional groups consuming over

twice as many portions. One explanation for this differ-

ence is the popularity of dairy products aimed at infants

including yoghurt and fromage frais, which are usually

eaten with a spoon. Although babies of this age may be

starting to use spoons themselves, it may be that parents

following a strict BLW approach avoid the mess of this

approach and prefer not to spoon feed the infant. Indeed,

when the source of dairy was examined between the

groups, the main sources of dairy products for the infants

in the strict BLW group at this age were soft cheese on

toast or in sandwiches, whereas, for those in the tradi-

tional group, fromage frais and yogurt were more com-

mon offerings. Given the sugar content of yoghurts

aimed at young children, [e.g. Petit Filous (Yoplait UK

Ltd, Uxbridge, UK) at almost 10% sugar by weight,

which provides 45% of its energy] and the fact that breast

milk or formula would be supplying most of the calcium

needs at this age (36,39), the lack of sweetened, commercial

dairy products in the diets of BLW babies may not be

such a bad thing.

A significant difference was also found in composite

meals again for this age range, with traditionally weaned

infants still being offered the highest amounts. This has

the same concerns as for younger infants, with the addi-

tional issue that, by 12 months of age infants should be

moving towards eating a family diet, rather than relying

on specific baby foods. For example, the National Health

Service Start4Life website (https://www.nhs.uk/start4life)

states that, by the time a baby is 12 months old, they

should be eating the same foods as the rest of the family

but in smaller portions (40). Further research may wish to

explore whether this difference remains for older infants.

Additional differences were seen for savoury snack

exposure in this age group. Notably, it was the loose baby

led group, which had the highest exposure to savoury

snack items such as breadsticks, crackers and crisps. This

could demonstrate one potential disadvantage of BLW:

finger foods could be interpreted as processed, carbohy-

drate-rich snack foods, of which there are many marketed

especially to infants. However, these can be deceivingly

high in sodium and often sugar, particularly if they are

targeted at adults. This could also encourage preference

for these tastes and one UK study that examined the later

food preferences of BLW infants found a preference for

carbohydrates (7), although no difference for carbohydrate

exposure (classed as potatoes, bread, rice and pasta,

rather than snack foods) arose.

Potentially, those unsure of BLW may be choosing a

loose approach and offering ready prepared ‘finger foods’,

or perceiving guidance to offer finger foods to mean that

anything finger food shaped would be acceptable. Indus-

try has also taken advantage of this, with high numbers
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of finger-food snack bags available (41). Greater informa-

tion and awareness are needed for parents in choosing

what products they give their infant and how often.

Notably, there were no differences in the exposure to

iron-containing foods between weaning groups in any age

category, challenging concerns of healthcare professionals

that infants following BLW will not be offered sufficient

iron (6,9). This of course does not mean that infants who

are BLW are consuming sufficient iron, and further

research is needed here, although it does suggest that

insufficient iron intake in BLW infants may not be a

problem. Indeed, the strict BLW group even had a non-

significant trend to be offered more iron rich foods. This

may quite possibly have arisen as a result of concerns

voiced that infants following the method might not be

consuming sufficient iron.

There are limitations to the present study, including

the self-selecting nature of the respondents. Previous

research has found that mothers who chose BLW are

more likely to be older and have a higher level of educa-

tion than those following a traditional weaning approach,

which may affect their choice of food (6,30), although, in

the present study, demographic background was not sig-

nificantly different between weaning groups. Mothers fol-

lowing BLW were more likely to breastfeed as has been

shown in most BLW research (2), and levels of breastfeed-

ing amongst the sample were higher than average (42).

Breastfeeding has been associated with lower levels of

fussy eating (43) and a wider diet variety in childhood (44);

therefore, differences in intake might be seen with a more

diverse sample. However, milk-feeding approach was con-

trolled for throughout analyses.

Second, there are limitations with the methodology of

24-h recalls. They may not be useful for accurate nutrient

intake because participants generally do not always weigh

food and participants may feel judged or only note

selected food choices as a result of bias, leading to poten-

tial under-reporting of total energy intake for example.

They also rely on memory, albeit it only for the last 24 h,

and are just a snapshot of a participant’s diet (45,46).

However, 24-h recalls have been validated against weighed

food records and shown to be accurate (47,48). They have

been used previously in infant feeding research (18,49,50),

although one review study found weighed food records to

be the most accurate compared to the doubly-labelled

water method (a measurable biomarker) with respect to

recording energy intake in younger children aged

6 months to 4 years of age (48).

Limitations aside, the findings have important implica-

tions for those researching and supporting parents with

the BLW approach. There is little evidence-based informa-

tion to guide healthcare providers and parents in making

the choice to support or use BLW, although this research

suggests that, at least in this sample, little negative impact

was seen on the food choices offered by parents, with

BLW giving greater exposure to vegetables, coupled with

lower reliance on commercial products. Therefore, the

present study adds to the limited existing evidence base

for the nutritional sufficiency of BLW as a method for

complementary feeding. The findings around a higher use

of snack foods for the loose BLW group are noteworthy

and point to a need for further education around what

constitutes a healthy baby-led approach. Simply because a

food can be self-fed, does not make it a suitable food for

an infant. Likewise, the lower incidence of dairy exposure

may or may not be a concern for BLW babies, given the

balance between need for calcium versus the high sugar

content of many infant dairy products. Further research is

now needed to examine specific nutrient intake between

weaning groups to extend the results of the present study.
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Abstract

Background: Proper feeding practices in early life can enhance the full

human potential development of children. We aimed to evaluate the impact

of a primary health care intervention on infant feeding practices among

children from low-income families.

Methods: A cluster randomised controlled trial was conducted in Porto Ale-

gre, Brazil. Healthcare centres were randomised into intervention (n = 9)

and control (n = 11) groups. In intervention sites, health workers were

trained in accordance with the national guidelines. Infant feeding practices

were assessed in children at 6 months (n = 617) and 12 months (n = 516)

of age. Feeding practice quality was assessed using the Infant and Child

Feeding Index (ICFI). Additionally, we evaluated the introduction of non-

recommended foods.

Results: At 6 months, the mean ICFI score was higher in the intervention

group [MD = 0.22; 95% confidence interval (CI) = 0.24–1.11]. The preva-

lence of infants who met the recommendation for meat into the food-

frequency score was higher in the intervention than the control group

[relative risk (RR) = 1.63; 95% CI = 1.26–2.11]. At 12 months of age, the

ICFI mean (MD = 0.23; 95% CI = 0.35–0.56) and the prevalence of chil-

dren who met the recommendation for dietary diversity (RR = 1.11; 95%

CI = 1.01–1.22) and meal frequency (RR = 4.68; 95% CI = 1.34–16.36)
were higher in the intervention group, although only among children who

had more than seven follow-up appointments during the first year of life.

The children from intervention group had a significant delay for added

sugar (MD = 0.51; 95% CI = 0.13–0.89), tea (mean = 0.47; 95% CI = 0.13–
0.82), jelly (MD = 0.35; 95% CI = 0.11–0.58) and filled cookies

(MD = 0.29; 95% CI = 0.06–0.52) compared to the control group.

Conclusions: The health workers’ training was effective with respect to

improving infant feeding practices.

Introduction

During the first year of life, appropriate feeding practices

are essential for the full human potential development of

every child (1–3). However, complementary feeding prac-

tices are characterised by the low consumption of fruit

and vegetables and high consumption of ultraprocessed

foods that are high in sugar, saturated fat and sodium

and low in fibre (4–6).

The consequences of these unhealthy diet patterns are

related to some undesirable outcomes, even during child-

hood, such as being overweight and obese (7), hyperten-

sion (8), cardiovascular disease (9) and dental caries (10).

Children’s food preferences are strongly associated with
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their consumption patterns; thus, from the earliest age,

they have plentiful opportunities to sample a variety of

healthy foods and appear to have healthier diets through-

out childhood (11). Furthermore, the beginning of life is a

critical period for developing healthy eating habits (12,13).

Evidence suggests that early-life interventions may play

a role in modifying dietary patterns and promoting

healthy food choices throughout life (14,15). Based on

World Health Organization (¹) guidelines for breastfeeding
and proper complementary feeding, the Brazilian Ministry

of Health developed the ‘Ten Steps for Healthy Feeding

from Birth to Two Years of Age’ (16). Our previous studies

implemented this national policy via a randomised trial

that included dietary counselling given to mothers during

home visits. The intervention significantly improved

breastfeeding and complementary feeding outcomes (17,18),

the lipid profiles of school-age children (19) and the inci-

dence of caries at 12 months and 3 years of age (10).

Although these previous studies measured the efficacy of

providing mothers with counselling on child feeding prac-

tices (17), a subsequent study was conducted aiming to

investigate the impact of the same dietary guidelines in a

routine clinical setting. Therefore, a cluster-randomised

trial was initiated at healthcare clinics. The initial results

showed better exclusive breastfeeding rates and introduc-

tion of healthy complementary feeding in the first year of

life (17). As a continuation, we aimed to evaluate the

impact of a primary health care intervention on infant

feeding practices using the Infant and Child Index Feeding

(ICFI) (20). In addition, we also assessed the timing of

introducing nonrecommended foods to infants.

Materials and methods

Study design and participants

The present study comprised a cluster randomised con-

trolled trial conducted in Porto Alegre, South of Brazil,

comprising 1.4 million inhabitants. The trial included

health centres that are part of the National Health Care

System in Brazil, which provides free healthcare. The

families enrolled in these services are predominantly of

low-income status. Of 52 municipal health centres, 31

met eligibility criteria for the trial (Fig. 1). Exclusion cri-

teria were: ≤100 infant patient visits in 2006, staff-sharing

between clinics or participation in other contemporane-

ous, community-based dietary programmes.

The initial sample size for the trial was based on the

aim of detecting an impact of the intervention on the

31 eligible health clinics (2006)

20 selected health clinics invited to participate 
20 consented to enroll (2006)

Intervention
9 health clinics

(received healthcare worker training)

Control
11 health clinics

(continued usual practices)

12 to15-month assessment: 284 mother-
child pairs (2009/2010)

Refusals: 14
Moved to another city: 4

Not found: 20

Complete dietary assessment: 274

12 to 15-month assessment: 261 
mother-child pairs (2009/2010)

Refusals: 19
Moved to another city: 7

Not found: 24

Complete dietary assessment: 242

Eligible pregnant patients: 373 Eligible pregnant patients:362

Refusals: 13
Eligible pregnant patients invited to 

enroll for follow-up (2008): 360

Refusals: 8
Eligible pregnant patients invited to 

enroll for follow-up (2008): 355

6 to 9-month assessment 322 mother-
child pairs (2008/2009)

Refusals: 16
Moved to another city: 4

Death or maternal disability: 5
Not found: 13 

Complete dietary assessment: 317

6 to 9-month assessment: 311 mother-
child pairs (2008/2009)

Refusals: 13
Moved to another city: 7

Death or maternal disability: 3
Not found: 21

Complete dietary assessment: 300

56 Porto Alegre 'basic health units' <100 under age-1 visits in 2006
Staff sharing with other facilities
Other ongoing dietary program

Figure 1 Study overview in Brazil.
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duration of exclusive breastfeeding. Six hundred mother–
child pairs would be needed to detect a 40% frequency of

exclusive breastfeeding up to 4 months of age in the

intervention group (17), a 25% frequency in the control

group (90% power and a of 0.5) and a design effect of

1.5. Seven hundred and twenty pregnant women were

enrolled to obtain the required study power, accounting

for an anticipated loss of 20%.

Following staff training at the intervention sites, inter-

viewers visited the health centres of both groups (interven-

tion and control) from April to December 2008. Pregnant

women in the last trimester were identified, and they were

invited to participate and were enrolled in the study as

potential mothers to receive the dietary counselling pro-

vided by the health workers. The participants answered a

questionnaire about their socio-economic status and

expected due date. Addresses and telephone numbers were

obtained to schedule subsequent home visits. Births from

May 2008 to February 2009 were included in the study.

Women reporting a positive HIV test were excluded

because of concerns of HIV transmission via breastfeeding.

The study was approved by the Ethics Committee of

Federal University of Health Sciences of Porto Alegre

(UFCSPA). This study is registered on the Clinical

Trials.gov website under the identification number

NCT00635453. Mothers provided informed consent on

behalf of their children.

Randomisation and masking

The randomisation process took place in the university

research office. Of the 31 eligible health centres, 16 were

initially selected via a witnessed drawing, by the principal

investigator, by labelled markers from an opaque con-

tainer. Accordingly, two health centres would be included

from each of the city’s eight geo-administrative districts.

Following a stratified randomisation scheme, health cen-

tres were block-randomised by district, with one health

centre per district allocated to the intervention and

another to the control group. To increase statistical

power, four additional health centres were randomly

drawn from the original 31. Health centre size differed to

maintain a balanced number of births by intervention

group. The additional four health centres were block-ran-

domised at a ratio of 1 : 3. This yielded nine intervention

and 11 control group health centres. The 20 health

centres coordinators were invited to participate without

disclosure of allocation status, and all consented.

Intervention

Physicians, nurses and administrative staff in the health

centre treatment group participated in training, in

January 2008, based on the ‘Ten Steps for Healthy Feed-

ing for Brazilian Children from Birth to Two Years of

Age’ guideline (21). In summary, the nutrition recommen-

dations are to: (i) provide exclusive breastfeeding until

6 months of age; (ii) continue breastfeeding until 2 years

of age with the gradual introduction of complementary

foods; (iii) start complementary feeding (grains, meat,

fruits) at 6 months of age, three times daily, at the same

time as continuing breastfeeding; (iv) serve meals at regu-

lar intervals, adjusted to the child’s internal hunger cues;

(v) ensure that new foods are gradually made thicker

until the child is able to eat a normal family meal,

although foods should never be liquefied; (vi) offer a

variety of healthy foods every day; (vii) administer daily

intake of different fruits and vegetables; (viii) avoid sugar,

sweets, soft drinks, salty snacks and processed/fried foods;

(ix) use good hygiene practices for food preparation and

handling; and (x) present appropriate, responsive feeding

when the child is ill.

A standardised training session was conducted by an

experienced nutritionist for the healthcare team to outline

the ‘Ten Steps’ recommendations and strategies and to

incorporate these into follow-up consultations. Printed

materials containing the guidelines were provided to the

health centres as a source of information by the profes-

sionals, as well as via a link on the Brazilian Ministry of

Health’s Nutrition Department website. Health staff

members received a pocket guide for use during the

appointments and waiting room sessions. The research

team were not involved in the appointments at any time

in the study.

The health workers received two printed materials, as

developed by the main researcher, which were delivered

to mothers during the follow-up consultations. Both

materials included illustrations to facilitate the explana-

tion provided by the health workers. The first one was a

flyer that mentioned the ‘Ten Steps’, suggesting to moth-

ers that they should obtain more information about it

from the health workers. The second material was a leaf-

let that included detailed messages about the guideline. In

addition, two colourful posters were provided for display

in the healthcare centres waiting rooms, with (i) informa-

tion about introducing complementary food, the number

of meals and food scheme and (ii) colourful images of

foods that should not be offered to children under

2 years of age (such as biscuits, coffee, jelly, salty foods,

candy, soft drinks and snacks). The two posters remained

in the clinics after the intervention.

Control group

Healthcare centres randomised to non-intervention

groups continued their routine assistance without the
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interference of the research team. No material was pro-

vided to these clinics.

Data collection

Trained field workers, who were not involved in the

intervention and who were unaware of group allocation,

conducted maternal interviews using questionnaires at

baseline (in pregnancy), during home visits at 6 months

(range 5–9 months) and at 12 months (range 11–
15 months), After the data were collected, the informa-

tion was confirmed via telephone calls made to 5% of the

mothers surveyed, who were selected randomly. All field

workers received theoretical and practical training on data

collection, which took an average of 8 h. Birth date, sex,

birth weight/height and frequency of appointments at the

health centres were obtained from the children’s medical

records.

Dietary data were obtained by administering a multi-

ple-pass 24-h dietary recall. For each child, one dietary

recall was collected at 6 months of age and two at

12 months of age, on nonconsecutive days chosen ran-

domly during a period from 2 weeks to 1 month during

home visits. Mothers provided information about all

foods and beverages consumed by their children during

the previous day. Details about food types, amounts and

preparation methods were recorded. Common household

measures (e.g. teaspoons, tablespoons, cups and serving

sizes) were used to help mothers report the amounts of

food given to their children and to standardise portion

sizes. In addition, at both ages, the mothers were asked

how many times their children had consumed meat,

fruits, vegetables and beans in the previous 7 days.

The introduction of nonrecommended foods was evalu-

ated using a structured questionnaire in which mothers

were asked at what age their infants were (in months)

when any of the following foods or drinks items were

introduced: added sugar, tea, candy, jelly, soft drinks,

filled cookies, chocolate, coffee, petit Suisse cheese, salty

snacks and processed meat (ham, mortadella, salami and

sausage). These foods are not recommended for con-

sumption before 2 years of age according to Brazilian

dietary guidelines (15).

Infant and Child Feeding Index

Infant feeding practices were determined using the ICFI (20),

which consists of the sum of scores for five feeding prac-

tices, based on current recommendation for infants. In

summary, the ICFI scores are (i) breastfeeding (whether

or not the mother is currently breastfeeding her child);

(ii) use of a baby bottle in the previous 24 h (yes or no);

(iii) dietary diversity (whether or not the child received

foods from each food group in the previous 24 h); (iv)

meal frequency (how many times the child was offered

solid or semi-solid foods in the previous 24 h; and (v)

food frequency (how many days the child received meat,

fruits, vegetables and beans in the previous 7 days). The

scoring system assigns a score of 0 for a potentially harm-

ful practice (one that does not meet the recommenda-

tion) and a score of 1 for a positive practice (one that

meets the recommendation). Practices considered particu-

larly important at a given age (such as breastfeeding at

6 months of age and offering meat as part of comple-

mentary feeding at 6 and 12 months of age) receive a

score of 2. Thus, the composite ICFI score can range

from 0 to 12.

Some modifications were made to the ICFI food classi-

fication system to align with Brazilian recommendations
(16). For dietary diversity score, milk was not included in

both ages because, in Brazil, it replaces breast milk and is

associated with a high frequency of baby bottles. For

food-frequency score, fruit and vegetables were included

in both ages because of Step 7, which recommends that

families provide a daily intake of different fruits and veg-

etables. Regarding the meal frequency score, a meal was

defined as including at least three of the following food

groups: fruits/vegetables, cereals/grains/tubers, beans and

meat (red meat, chicken, fish, pork or eggs).

Statistical analysis

The sample size, as initially recruited for the trial, was

chosen with the aim of detecting an impact of the inter-

vention on the duration of exclusive breastfeeding. Six

hundred mother–child pairs were estimated to detect a

40% frequency of exclusive breastfeeding up to 4 months

of age in the intervention group (17), a 25% frequency in

the control group (90% power and a of 0.5) and a design

effect of 1.5. The recruitment of 720 pregnant women

was estimated to attain the sample size and to account

for an expected loss of 20%. The effect of the interven-

tion on infant feeding practices at 6 and 12 months

(according to the ICFI) was evaluated using the gener-

alised estimation equation (GEE) model, adjusted for

cluster with robust variance and Poisson distribution. The

variables were described as percentages or averages and

SDs. To quantify the intervention, relative risks (RR) and

the respective 95% confidence intervals (95% CI) were

calculated. We performed an additional analysis at

12 months to confirm whether the infants, who were fol-

lowed up during the first year (as recommended by the

Brazilian Ministry of Health, with ≥7 appointments),

showed any improvement in feeding practices in the

intervention group. The GEE (adjusted for cluster) was

used to assess the effect of the intervention on IFCI
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scores, in accordance with the number of appointments

completed by 12 months of age.

The second main outcome analysed by the present

study was the introduction of nonrecommended foods

during the first year of life. Survival analysis was carried

out according to the age (in months) at which nonrecom-

mended foods were introduced in each group. Chi-

squared tests were performed to compare the categorical

variables. The Kruskal–Wallis test (abnormally distributed

variables) or Student’s t test were used to compare contin-

uous variables between groups. All statistical analyses were

performed using the SPSS, version 16.0 (SPSS Inc., Chicago,

IL USA). P < 0.05 was considered statistically significant.

Ethics

The present study was approved by the Ethics Committee

of Federal University of Health Sciences in Porto Alegre

(number 545/07) and the Ethics Committee of Porto Ale-

gre municipal government and was registered at the Clin-

icalTrials.gov website under identification number

NCT00635453. The mothers provided informed consent

on behalf of their children.

Results

Of the 715 pregnant women who registered initially,

633 of their children were collected in the study at

6 months of age (loss = 11.4%) and 545 infants at

12 months of age (loss = 13.9%) were visited at home.

No adverse events were reported during the intervention.

The causes of sample loss included a refusal to participate

in the study, death of the child or mother, or moving to

another city (Fig. 1). For the purposes of the present

study, children with genetic diseases and incomplete diet-

ary data were excluded from the analyses. Therefore, ICFI

outcomes were available for 617 children (317 in the

intervention group and 300 in the control group) at

6 months and 516 children (274 intervention/242 con-

trol) at 12 months of age.

The children’s baseline characteristics were similar in

both the intervention and control groups (P > 0.05)

(Table 1). Over half of the children were male (52.5%;

n = 325). Overall, the ages of mothers varied from 12 to

44 years [mean (SD) = 25.4 (6.7)] and 20.7% (n = 148)

were under 20 years of age at the child’s birth. Thirty

percent (n = 220) of the mothers had 8 years or less of

schooling and 75.5% (n = 381) of the families had a

monthly income of less than three times the national

minimum wage (approximately US$ 565.00/month).

The effect of the intervention on infant feeding prac-

tices is presented in Table 2. Infants from the interven-

tion group had a significantly higher mean (SD) ICFI

score compared to those in the control group [7.0 (2.3)

versus 6.3 (2.2); MD = 0.22; 95% CI = 0.24–1.11] at

6 months of age. Regarding the components of the ICFI,

the prevalence of children who ate meat (36.6% versus

22.3%; RR = 1.63; 95% CI = 1.30–2.01) four or more

times a week was higher in the intervention group com-

pared to the control group. The percentage of children

who received fruits ̸ vegetables was higher in the interven-

tion group, although the difference was not statistically

significant (69.4% versus 61%; RR = 1.13; 95%

CI = 0.97–1.33). In an additional analysis, the prevalence

of children who achieved the recommended score for

food frequency was significantly higher in the

Table 1 Characteristics of children and their households at baseline

Characteristics n*

Intervention Control

n (%) or mean (SD)

Children

Boys 619 168 (52.8) 157 (52.2)

Birthweight (g) 611 3315.41 (506.13) 3256.47 (505.33)

Birth length (cm) 606 49.13 (2.28) 48.94 (2.62)

First child 619 140 (38.9) 135 (38.0)

Households at baseline

Gestational age (weeks) 616 32.23 (4) 32.91 (4.14)

Maternal age at child’s birth <20 years 715 72 (20) 76 (21.4)

Marital status (married/living with partner) 715 71 (19.7) 84 (23.7)

Total number of household members ≥7 715 43 (11.9) 43 (12.1)

Household income ≤3 times national minimum wage† 690 237 (68.5) 248 (72.1)

Maternal schooling <8 years 715 100 (27.8) 120 (33.8)

Mother’s employment 715 126 (35) 111 (31.3)

Father’s employment 690 310 (90.1) 305 (88.2)

*n, number of responses recorded for each characteristic.
†Equivalent to approximately 900 US dollars at 2008 exchange rate.
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intervention group (37.2% versus 27%; RR = 1.37; 95%

CI = 1.09–1.74).
At 12 months of age, a complementary analysis showed

that infants in the intervention group who had more fol-

low-up appointments during the first year of life had a

higher mean (SD) ICFI score [8.9 (1.81) versus

8.4 (1.76); MD = 0.23; 95% CI = �0.35 to 0.56] dietary

diversity score (81.1% versus 73.2% RR = 1.11; 95%

CI = 1.01–1.22) and meal frequency score (22.9% versus

4.9%; RR = 4.68; 95% CI = 1.34–16.36). The difference

was not statistically significant in the control group.

As a secondary outcome, it was observed that the intro-

duction of the following nonrecommended foods was

delayed during the first year for the children in the interven-

tion group compared to those in the control group: added

sugar [3.1 (1.7) versus 2.6 (1.8) months; MD = 0.29; 95%

CI = 0.06–0.52], tea [2.7 (1.6) versus 2.2 (1.6) months;

mean = 0.47; 95% CI = 0.13–0.82], jelly [4.7 (1.0) versus

4.3 (1.1) months; MD = 0.35; 95% CI = 0.11–0.58] and

filled cookies [5.2 (0.9) versus 5.0 (0.9) months;

MD = 0.29; 95% CI = 0.06–0.52) (Fig. 2 and Table 3).

Discussion

The findings of the present study showed that healthcare

worker training in primary health care, based on the

Figure 2 Survival curves of the age (in months) at which the following nonrecommended foods were introduced: added sugar, tea, jelly and

filled cookies (comparison between the intervention and control groups).
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national guideline ‘Ten Steps for Healthy Feeding for

Brazilian Children from Birth to Two Years of Age’ pol-

icy, resulted in a significantly higher score for the Infant

and Child Feeding Index (ICFI) in the first year of life.

The ICFI (which uses a maximum score of 12 points)

summarises healthy eating guidelines for children in the

first 2 years of life. A higher score indicates a better qual-

ity of eating practices, which mainly include breastfeeding,

bottle feeding, food groups and food diversity (20). There

is evidence that the ICFI score is positively correlated with

infant nutritional status in underprivileged population

groups (22–24). However, the use of the ICFI to measure

the impact of an intervention programme on children’s

eating practices has only been reported by Zhang (25), with

adaptations according to recommendations for Chinese

children. Higher ICFI scores were observed for the inter-

vention group at all ages, as evaluated between 6 and

18 months. The study did not provide details on the com-

ponents responsible for the higher scores, although the

guidelines were reinforced by training the professionals

with respect to conducting home visits.

Our results showed higher scores for the intervention

group at 6 months of age, with values ranging from 7.01

to 12. In general, there was a deficiency in all five compo-

nents considered by the ICFI, even in the intervention

group. However, the most significant result was the higher

frequency of meat consumption. This result can be

explained by the emphasis given in the health professional

training to the high prevalence of anaemia in children

under 2 years of age in Brazil (26) and the technical infor-

mation provided regarding the bioavailability of iron from

meat, as well as the recommendation that meat should be

introduced to children as early as 6 months of age (27).

The national qualitative research that formed the basis for

developing the Ten Steps showed that mothers introduced

meat to their children later in that they considered it

inappropriate for infants under 10 months of age because

meat was difficult for babies to chew and digest (21). As a

hypothesis, we also consider that the information given to

the health professionals with respect to beans and beets

(which are usually known to mothers as a good source of

iron for preventing anaemia) having a low iron bioavail-

ability helped to disseminate the importance of infant

meat consumption among the families.

It was observed that vegetable and fruit consumption

at 6 months of age led to an almost 10% increase in the

prevalence of children in the intervention group who

consumed them more than four times in the previous

7 days. However, this was not significant. Nevertheless,

the relevance of this result is emphasised because there is

evidence that populations of low socio-economic status

consume these food groups less frequently than others
(28) as a result of limited access and higher costs (29).

The ICFI scores did not differ between the control and

intervention groups at 12 months of age. Accordingly, to

understand this result, we performed complementary anal-

yses that separated the groups according to the frequency

at which the children were taken to the health clinics for

follow-up visits in the first year of life. The Brazilian

guidelines recommend that children have a minimum of

seven appointments during this period. Thus, we observed

that the ICFI score was higher for children in the interven-

tion group who had sufficient follow-up [8.9 (1.81)] com-

pared to those who had less than seven visits [8.4 (1.76)].

This difference was not observed in the control group.

Thus, studies in different countries, where socio-economic

development is similar to Brazil, show that training health

professionals is effective with respect to positively chang-

ing maternal attitudes and practices regarding breastfeed-

ing and complementary feeding (30–33). Nevertheless,

policies are needed to ensure that children are monitored

at health clinics so that mothers are counselled effectively.

As a secondary outcome, the present study evaluated

the effect of intervention on the timing of introducing

unhealthy foods in the first 6 months of a child’s life.

The training on this topic that was provided to the health

professionals in the present study was effective with

respect to delaying the introduction of unhealthy foods in

the first months of life. However, the frequent early intro-

duction of these foods to children in the first year of life

stands out, as well as the impact on the intervention

group, which is increasingly distant from dietary recom-

mendations. Furthermore, there was no difference

between the groups for many foods, suggesting that this

population has a strong cultural tendency to prematurely

offer children unhealthy foods. The consumption of these

foods in various developing countries is alarming (34,35),

given that their premature and excessive consumption is

associated with dyslipidaemia (36), hyperthyroidism (37),

Table 3 Intervention effect on the timing for introducing

nonrecommended foods to infant’s diet at 6 months of age

Nonrecommended

foods

Intervention,

mean (SD) (n)

Control,

mean (SD) (n) P

Added sugar 3.16 (1.74) 2.65 (1.8) <0.001

Tea 2.71 (1.62) 2.23 (1.60) <0.001

Candies 5.14 (1.16) 4.92 (1.18) 0.175

Jelly 4.71 (1.0) 4.36 (1.10) <0.001

Soft drinks 4.98 (1.18) 4.87 (1.04) 0.409

Filled cookies 5.29 (0.98) 5.00 (0.99) <0.001

Chocolate 5.25 (1.06) 5.02 (1.11) 0.197

Coffee 4.95 (1.51) 5.12 (1.29) 0.526

Petit Suisse cheese 4.76 (1.17) 4.51 (1.00) 0.094

Salty snacks 5.40 (1.06) 5.21 (0.86) 0.389

Processed meat* 5.25 (1.0) 5.00 (1.45) 0.306

*Processed meat (ham, mortadella, salami and sausage).
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a higher incidence of dental caries (38) and a tendency for

being overweight in children (39,40). Thus, these results

highlight the importance of implementing urgent and

more effective public nutrition policies that address the

risks of prematurely introducing added sugar and junk

food to infants in the first year of life.

The present study has some strengths that justify dis-

cussion. First, the randomised design was robust and

many confounding factors were taken into account. Sec-

ond, the statistical analyses considered grouping effects to

minimise type I errors.

Some potential limitations should also be discussed.

Primarily, our results cannot be generalised to large pop-

ulations because we included only children from low-

income groups. Second, the study did not evaluate the

cause and effect relationships of health professionals

actions because data on outcomes were not obtained

directly after the children attended the health units. Fur-

thermore, we emphasise that the present study was

designed to investigate the eating practices of the popula-

tion within the areas where the health units were located,

without interfering with their routine services and child-

care logistics. Finally, there was no evaluation of nutri-

tional knowledge among pregnant women. On the other

hand, the present study was a randomised trial, with both

groups (intervention and control) being balanced with

respect to all aspects that could interfere in the outcome.

The findings of the present study suggest that a low-

cost and sustainable intervention in a primary care setting

can be effective with respect to promoting better feeding

practices according to the ICFI and delaying the intro-

duction of unhealthy foods during the first year of life in

children from low-income families. Further interventions

are needed to determine whether the beneficial effects of

the intervention evaluated in the present study persist

over a longer period.

Transparency declaration

The lead author affirms that this manuscript is an honest,

accurate and transparent account of the study being

reported. The reporting of this work is compliant with

CONSORT guidelines, registered on the ClinicalTrials.gov

website under the identification number NCT00635453.

The lead author affirms that no important aspects of the

study have been omitted and that any discrepancies from

the study as planned have been explained.

Acknowledgments

We thank the families who participated in the study. This

research received no specific grant from any funding

agency or from commercial or not-for-profit sectors.

Conflict of interests, source of funding and
authorship
The authors declare that they have no conflict of

interests.

Ministry of Health (No. 577/200) and Fundac�~ao de

Amparo �a Pesquisa do Rio Grande do Sul (PPSUS/

2006/1537-7).

Ms V. R. Ferreira contributed to the data analysis and

interpretation, drafting, and critical revision of the

article. Ms P. S. Leffa, C. N. Sangalli and F. Rauber

contributed to data collection, data analysis and inter-

pretation, as well as the critical revision of the article.

Dr M. R. Vitolo contributed to the research

conception, data collection, interpretation of results

and critical revision of the article.

References

1. World Health Organization (2008) Complementary Feeding of

Young Children in Developing Countries: A Review of Current

Scientific Knowledge. Geneva: World Health Organization.

2. Robinson SM (2015) Infant nutrition and lifelong health:

current perspectives and future challenges. J Dev Orig

Health Dis 6, 384–389.
3. Victora CG, Bahl R, Barros AJ et al. (2016) Breastfeeding

in the 21st century: epidemiology, mechanisms, and

lifelong effect. Lancet 30, 475–490.
4. Contreras M, Bland�on EZ, Persson L et al. (2016)

Consumption of highly processed snacks, sugar sweetened

beverages and child feeding practices in a rural area of

Nicaragua. Matern Child Nutr 12, 164–176.
5. Huffman SL, Piwoz EG, Vosti AS et al. (2016) Babies, soft

drinks and snacks: a concern in low- and middle-income

countries? Matern Child Nutr 10, 562–574.
6. Bortolini GA, Gubert MB & Santos LPM (2012) Food

consumption Brazilian children by 6 to 59 months of age.

Cad Sa�ude P�ublica 28, 1759–1771.
7. De Onis M, Blossner M & Borghi E (2010) Global

prevalence and trends of overweight and obesity among

preschool children. Am J Clin Nutr 92, 1257–1264.
8. Strazzullo P, Campanozzi A & Avallone S (2012) Does salt

intake in the first two years of life affect the development

of cardiovascular disorders in adulthood? Nutr Metab.

Cardiovasc Dis 22, 787–792.
9. Vos MB, Kaar JL, Van Horn VL et al. (2017) Added sugars

and cardiovascular disease risk in children. a scientific

statement from the american heart association. Circulation

135, e1017–e1034.
10. Feldens CA, Giugliani ER, Vigo �A et al. (2010) Early

feeding practices and severe early childhood caries in four-

year-old children from southern Brazil: a birth cohort

study. Caries Res 44, 445–452.

29ª 2018 The British Dietetic Association Ltd.

V. R. Ferreira et al. Primary health care and feeding practices



11. Cook L (2007) The importance of exposure for healthy

eating in childhood: a review. J Hum Nutr Diet 20, 294–301.
12. Mennella JA, Reiter AR & Daniels LM (2016) Vegetable

and fruit acceptance during infancy: impact of ontogeny,

genetics, and early experiences. Adv Nutr 15, 211–219.
13. Mennella AJ & Trabulsi JC (2012) Complementary foods

and flavor experiences: setting the foundation. Ann Nutr

Metab 60, 40–50.
14. Birch LL & Doub AE (2014) Learning to eat: birth to age

2 y. Am J Clin Nutr 99, 723–728.
15. Birch LL (2016) Learning to eat: behavioral and

psychological aspects. Nestle Nutr Inst Workshop Ser 85,

125–134.
16. Ministry of Health (2010) Dez passos para uma

alimentac�~ao saud�avel: guia alimentar para menores de dois

anos. [Feeding guidelines for children from birth to two

years]. [in Portuguese]. Brasil�ıa: Ministry of Health,Brazil.

17. Vitolo MR, Bortolini GA, Feldens CA et al. (2005)

Impactos da implementac�~ao dos dez passos da

alimentac�~ao saud�avel para crianc�as: ensaio de campo

randomizado. Cad Sa�ude P�ublica 21, 1448–1457.
18. Vitolo MR, Bortolini GA, Campagnolo PD et al. (2012)

Maternal dietary counseling reduces consumption of

energy-dense foods among infants: a randomized

controlled trial. J Nutr Educ Behav 44, 140–147.
19. Louzada MLC, Campagnolo PDB, Rauber F et al. (2012)

Long-term effectiveness of maternal dietary counseling in a

low-income population: a randomized field trial. Pediatrics

129, 1–8.
20. Ruel MT & Menon P (2002) Child feeding practices are

associated with child nutritional status in latin america:

innovative uses of the demographic and health surveys. J

Nutr 132, 1180–118.
21. Ministry of Health (2002) Guia Alimentar para crianc�as

menores de dois anos. [Feeding guidelines for children

from birth to two years]. [in Portuguese]. Brasil�ıa:

Ministry of Health,Brazil.

22. Qu P, MI B, Wang, D et al. (2017) Association between

the Infant and Child Feeding Index (ICFI) and nutritional

status of 6- to 35-month-old children in rural western

China. PloS ONE 12, e0171984.

23. Ma JQ, Zhou LL, Hu YQ et al. (2012) A summary index of

infant and child feeding practices is associated with child

growth in urban Shanghai. BMC Public Health 12, 568.

24. Lohia N & Udip AS (2014) Infant and child feeding index

reflects feeding practices, nutritional status of urban slum

children. BMC Pediatr 14, 290.

25. Zhang J, Shi L, Chen D et al. (2013) Effectiveness of an

educational intervention to improve child feeding practices

and growth in rural China: updated results at 18 months

of age. Matern Child Nutr 9, 118–129.
26. Bortolini GA & Vitolo MR (2012) Impacto de orientac�~ao

diet�etica sistem�atica no primeiro ano de vida nas

preval̂encias de anemia e deficiência de ferro aos 12-16

meses. J Pediatr 88, 33–39.

27. Krebs NF, Westcott JE & Butler N (2006) Meat as a first

complementary food for breastfed infants: feasibility and

impact on zinc intake and status. J Pediatr Gastroenterol

Nutr 42, 207–2014.
28. Vereecken CA, Maes L & De Bacquer D (2004) The

influence of parental occupation and the pupils’

educational level on lifestyle behaviors among adolescents

in Belgium. J Adolesc Health 34, 330–338.
29. Claro RM, do Carmo HCE, Machado FMS et al. (2007)

Renda, prec�o dos alimentos e participac�~ao de frutas e

hortalic�as na dieta. Rev Sa�ude P�ublica 41, 557–564.
30. Penny ME, Creed-Kanashiro HM, Robert RC et al. (2005)

Effectiveness of an educational intervention delivered

through the health services to improve nutrition in young

children: a cluster-randomised controlled trial. Lancet 3,

1863–1872.
31. Bhandari N, Mazumder S, Bahl R et al. (2004) An

educational intervention to promote appropriate

complementary feeding practices and physical growth in

infants and young children in rural Haryana, India. J Nutr

134, 2342–2348.
32. Vazir S, Engle P, Balakrishna N et al. (2013) Cluster-

randomized trial on complementary and responsive

feeding education to caregivers found improved dietary

intake, growth and development among rural indian

toddlers. Matern Child Nutr 9, 99–117.
33. Zaman S, Ashraf RN & Martines J (2008) Training in

complementary feeding counseling of healthcare workers

and its influence on maternal behaviours and child

growth: a cluster-randomized controlled trial in Lahore,

Pakistan. J Health Popul Nutr 26, 210–222.
34. Pries AM, Huffman SL & Adhikary I (2016) High

consumption of commercial food products among

children less than 24 months of age and product

promotion in Kathmandu Valley, Nepal. Matern Child

Nutr 12(Suppl. 2), 22–37.
35. Arabi M, Frongillo EA, Avula R et al. (2012) Infant and

young child feeding in developing countries. Child Dev 83,

32–45.
36. Niinikoski H & Ruottinen S (2012) Is carbohydrate intake

in the first years of life related to future risk of NCDs?

Nutr Metab Cardiovas Dis 22, 770–774.
37. Yang Z & Huffman LS (2013) Nutrition in pregnancy and

early childhood and associations with obesity in developing

countries. Matern Child Nutr 9(Suppl. 1), 105–119.
38. Feldens CA, V�ıtolo MR & DrachlerMde L (2007) A

randomized trial of the effectiveness of home visits in

preventing early childhood caries. Community Dent Oral

Epidemiol 35, 215–223.
39. Huh SY, Rifas-Shiman SL, Taveras EM et al. (2011)

Timing of solid food introduction and risk of obesity in

preschool-aged children. Pediatrics 127, 544–551.
40. de Ruyter JC, Olthof MR, Seidell JC et al. (2012) A trial of

sugar-free or sugar-sweetened beverages and body weight

in children. N Engl J Med 367, 1397–40.

30 ª 2018 The British Dietetic Association Ltd.

Primary health care and feeding practices V. R. Ferreira et al.



INFANTS AND CHILDREN

‘There is such a thing as too healthy!’ The impact of
minimum nutritional guidelines on school food practices in
secondary schools
S. Addis & S. Murphy

DECIPHer, School of Social Sciences, Cardiff University, Cardiff, UK

Keywords

school meals, minimum nutritional guidelines,

appetite for life, collective lifestyles.

Correspondence

S. Addis, CASCADE, School of Social Sciences,

Cardiff University, 1–3 Museum Place, Cardiff

CF10 3BD, UK.

Tel.: +44 (0)29 20687134

E-mail: addiss1@cardiff.ac.uk

How to cite this article

S. Addis & S. Murphy (2019) ‘There is such a

thing as too healthy!’ The impact of minimum

nutritional guidelines on school food practices in

secondary schools. J Hum Nutr Diet. 32, 31–40

https://doi.org/10.1111/jhn.12598

Abstract

Background: Pressure to improve school meals has resulted in stringent

nutritional guidelines across the UK. In Wales, the ‘Appetite for Life’ guide-

lines of 2008 resulted in significant changes to the provision of food in

Welsh schools. Although evaluation of these changes has focussed on nutri-

tional quality, there is little evidence of how pupils perceive these changes

and their impact on school food practices. Using a Collective Lifestyles

approach, the present study reports how secondary school pupils perceive

and negotiate menu changes and the implications for lunchtime practices.

Methods: Seven focus groups (52 pupils) were undertaken in four sec-

ondary schools within one local authority in Wales. Participatory techniques

were used to facilitate discussion, and the focus groups were recorded, tran-

scribed and analysed using a framework approach. Analysis was under-

pinned by a Collective Lifestyles approach, which provides a framework to

understand behaviour in context using three domains: (i) patterns of con-

sumption; (ii) the construction and maintenance of identity; and (iii) power

relationships.

Results: Pupils reported that the new menus were unpopular in terms of

content and meal type; the preference was for portable and snack style

foods. In terms of power relationships, pupils’ ability to negotiate within

the school setting was constrained by the institutional nature of school din-

ing. As a result, pupils tended to opt out of school food provision, accessing

alternatives where possible.

Conclusions: The development of the healthy eating agenda within the

school setting needs to consider the complexities of adolescent consumption

preferences, identities and social networks if they are to be successful.

Introduction

In the UK, school food provision has undergone many

changes over the years, reflecting shifting political, social

and economic contexts (1,2). Originally introduced

because of concerns about poor children’s capacity to

benefit from education, the emphasis was originally on

reducing the impact of poverty on diet (3,4). More

recently, the broader contribution that school food makes

in terms of health and development, learning, concentra-

tion and behaviour has been acknowledged (5).

The provision of food in school is used by most coun-

tries around the world to ensure and promote adequate

nutrition in childhood. In many developed countries, the

focus is on promoting healthy eating within the school

setting to tackle rising levels of childhood obesity. In the

UK, a programme of initiatives that aim to reverse

increasing rates of overweight and obesity have focused

on the school setting (6–9). Within this context, concern

over the quality of the food served in school has resulted

in the reintroduction of food-based standards across the

UK territories in 2001 (10–12). However, for many critics,
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these guidelines were insufficient to ensure that the food

provided contributed to pupils’ health and development

and, in response, the devolved nations introduced policies

to ensure that food served adhered to more stringent

guidelines.

Scotland took the initiative with ‘Hungry for Success’ (13).

This was followed in England with ‘Turning the Tables’ (14),

which challenged the ideological concept of choice and

focused around the National Healthy Schools Pro-

gramme (15,16). Similarly, in Wales, strict nutritional

guidelines were proposed in 2008 under the Appetite for

Life Action Plan (17). These guidelines were adopted

widely across Local Authorities in Wales before they

were underpinned by legislation in the form of the

‘Healthy Eating in Schools’ (Wales) Measure in 2013. In

Northern Ireland, standards outlined in 2001 were

updated in 2007 and, in 2008, they were extended to

include all food and drink provided in school (18,19).

Across the devolved territories of the UK, these policy

changes have resulted in the introduction of choice con-

trol and nutritional standards that are considered among

the most comprehensive in the world (16). Evaluation of

the introduction of minimum nutritional standards has

predominantly focussed on quantifying changes to nutri-

tional quality (20,21); however, evidence indicates that,

when attempts are made to facilitate changes to the diet-

ary habits of children and young people, these are often

met with resistance (22,23). Despite the pressure placed on

schools to address matters of food and health, there is lit-

tle research evidence about young people’s perspectives

on these issues, especially as related specifically to the

school setting (24).

Recognition of the school as an effective setting in

which to implement a range of health-related interven-

tions acknowledges the influence of context on health

behaviours, recognising the interplay of environment,

organisation and personal factors on health-related deci-

sions (25). A Collective Lifestyles approach has been used

as a theoretical basis with which to explain what context

is, and how it affects individual outcomes. By conceptual-

ising the link between context and behaviour, a Collec-

tives Lifestyles approach recognises the role that structure

plays in constructing choices for people as well as impos-

ing constraint on their practices (26). In this way, beha-

viour (such as patterns of consumption) is understood as

social practice, generated at the intersection of social

structure (norms, resources, policy and institution prac-

tices) and agency (individual actions, volition and sense

of identity) and manifest concretely in specific places (27).

A Collective Lifestyle approach has been used to explore

smoking initiation, contextualising these health behaviours

in a way that considers their meaning (26). It has also been

used to provide theoretical guidance to study the social

nature of eating. This approach sees food practices as inte-

grally linked to context, acknowledging that, although eat-

ing does involve individual choice, that choice is

conditioned by the context in which it occurs (28). This is

particularly true in the school setting, where patterns of

consumption will establish and express differences among

groups, contributing to the construction and maintenance

of a social identity (29).

The present study aimed to use a Collective Lifestyle

approach to explore the impact of the introduction of the

Appetite for life guidelines on secondary school pupils in

Wales and the implications for lunchtime practices.

Materials and methods

The current sample comprised participants who were part

of a larger study that explored the uptake of free school

meals in secondary schools in Wales (30). Seven focus

groups (52 participants in total) were undertaken with a

range of pupils from four secondary schools in one local

authority in Wales.

Local authority and school sample

A priori theoretical framing was used to justify sampling

choice (31). The focus was on secondary schools, reflecting

that pupils in secondary schools are exposed to a wider

range of influential factors than those at primary school

level. The cafeteria style provision that exists in most sec-

ondary schools allows pupils to select from a range of

individually priced items compared to the set meal, set

price system that is in operation in primary schools
(1,2,15). Additionally, secondary school pupils are often

able to access foods from offsite outlets and evidence

indicates that such outlets provide pupils with a much

wider range of foods than school provision, which has

significant implications for the take up of school food (32–

34). Finally, evidence indicates that, as children become

adults, food choice is increasingly influenced by peer

pressure and the desire for conformity and acceptance

will influence consumption (35).

For each local authority in Wales, information was

gathered regarding catering and school food provision,

the range in the level of free school meal entitlement

and uptake and the payment methods in operation in

schools. Using this information, one local authority was

selected that reflected a range of criteria. In terms of

the catering contract, the selected local authority had

moved from inhouse to private sector provision in the

weeks before data collection. The new catering contracts

specified that food provided should adhere to the strict

minimum nutritional guidelines outlined in Appetite

for Life (17).

32 ª 2018 The British Dietetic Association Ltd.

Nutritional guidelines in secondary schools S. Addis and S. Murphy



The criteria for selection of the secondary schools

included: levels of free school meal entitlement and

uptake; catering provision; payment methods; and offsite

policy. This information was gathered by initial contact

with each of the eight schools in the local authority. Four

schools were asked to participate in the research, two

schools agreed and two declined, two replacement schools

were contacted and agreed to participate. Each school was

given a pseudonym (Table 1).

Participants

The aim was to conduct two focus groups in each school,

drawn from different year groups. Where possible, for

one focus group to be made up of members of the School

Council or a School Nutrition Action Group (SNAG)

because it was felt that these pupils would have a good

knowledge of pupils’ concerns in terms of school food

provision. As a result of timetabling constraints, only one

focus group was undertaken at Castlebridge High School

(Table 2).

Leaflets and consent forms were distributed by the class

teacher to all pupils in the selected class in advance of the

focus group. Participants were selected by teachers on the

day of the focus group from those who had completed a

consent form. The focus groups ranged between six and

10 participants and lasted 30–40 minutes; they were facil-

itated by the researcher (SA) and audio-recorded with

permission. They took place within the school, usually in

the library or a vacant classroom.

Data collection

The focus groups were organised using a semi-struc-

tured topic guide based on a priori themes identified

by the literature and knowledge of the school context

from interviews with local authority, school and cater-

ing staff. The focus of the discussion was on food pref-

erence and current provision, also the school food

environment and school food practices. Using participa-

tory techniques (36), the focus group was structured

using three tasks: pupils were asked for a visual repre-

sentation of their ‘ideal school lunch’ and a mix of

drawings and written work resulted. Pupils were then

asked to identify factors that were important in the

decision whether to take up school meals and, once

complete, to place these in order of priority. Data

collection took place between May and December 2011.

Recordings of the focus groups were transcribed

verbatim.

Data analysis

Data were analysed using a framework approach that

involves a systematic process of sifting, charting and sort-

ing material according to key issues and themes (37). The

focus group schedule was used as a starting point for the

Table 1 Characteristics of selected schools

School

No of

pupils

on roll

Pupils entitled to

free school meal

Pupils taking free

school meal Catering provision

Nutritional

Guidelines

in place

Number of

lunch sittings

Payment

method Allowed offsite

School 1

Ashgrove

high school

1600 17% (n = 266) 68% (n = 182) Private company

managed

by local authority

Appetite for Life 1 Cashless Year 9 and

above

School 2

Briarwood

high school

1665 3% (n = 55) 51% (n = 28) Private company

managed

by the school

Appetite for Life 1 Cash Year 9 and

above

School 3

Castlebridge

high school

1245 42% (n = 518) 51% (n = 263) Private company

managed

by local authority

Appetite for Life 1 Cashless None (except

sixth form)

School 4

Daleview

high school

960 28% (n = 265) 100% (n = 264) Private company

managed

by the school

Appetite for Life 2 Cashless None (except

sixth form)

Table 2 Focus groups (n = 7)

School Focus group 1 Focus group 2

Ashgrove

high school

Year 8 (mixed gender) School Nutrition

Action Group (SNAG)

(all girls, Year 10)

Briarwood

high school

Year 8 (mixed gender) Year 10 (mixed gender)

Castlebridge

high school

Year 8 and Year

10 (mixed

gender and age)

Daleview

high school

Year 10 (mixed

gender)

School council (mixed

age and gender)
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development of a thematic framework or index and

added to this, emergent issues, raised by the respondents

themselves formed analytical themes. These themes devel-

oped from the recurrence or patterning of particular

views or experiences. The thematic framework was sys-

tematically applied to the data in its textual form and,

using NVIVO (QSR International, Melbourne, VIC, Aus-

tralia), all data were annotated. Analysis was facilitated by

the identification of dimensions of social context outlined

within a Collective Lifestyle approach; these include pat-

terns of consumption; the construction and maintenance

of identity and power relationships (27).

Results

In terms of consumption and identity, the focus was on

perceptions of the changing menus and food preferences,

as well as the way that meal content and type resonate

with peer norms. Power relationships within the lunch-

time setting were considered in relation to pupils’ percep-

tions of the degree to which they feel connected, kept

informed and were able to influence decisions related to

school food provision. The interaction of these factors

was, in turn, related to pupils’ decision making and

school food practices.

Consumption and identity

Pupils reported that the change in menus that resulted

from Appetite for Life did not align with their food

preferences in terms of either content or meal type. It

was apparent that there was a consensus in terms of

popular foods, and the desire to conform to peer group

norms.

Meal content

Although the four schools were selected to represent a

range of school food contexts, initiatives at the national

level ensured that there was consistency across schools in

terms of provision. Across the local authority, the guideli-

nes for Appetite for Life had been recently strengthened

and pupils across the schools reported that this had

resulted in a reduction in the serving of high fat and high

sugar foods.

‘Did they ban chocolate?’ (SNAG Pupil, Ashgrove)

‘Yeah’ (SNAG Pupil, Ashgrove)

‘And crisps and fizzy drinks’ (SNAG Pupil,

Ashgrove)

Pupils also reported a change in terms of the main

meals served which included a reduction of the serving of

chips to once a week and that food was being made to

new recipes that were less popular.

‘They have these new sausage rolls and they’re hang-

ing ‘(Year 8 Pupil, Ashgrove)

‘The old ones were like all soggy and lush; the new

ones are really dry’ (Year 8 Pupil, Ashgrove)

The introduction of new catering contracts had resulted

in the strengthening of the Appetite for Life guidance and

pupils noted the connection.

‘We don’t have burgers or anything now; we did

before the new caterers came in (School Council

Pupil, Daleview)

Overwhelmingly, pupils found the change in provision

unwelcome, expressing the view that there should be

more of a balance between healthy and unhealthy foods.

‘Yeah, there’s too much healthy stuff now’ (Year 8

Pupil, Ashgrove)

‘It’s just overpowering’ (Year 8 Pupil, Ashgrove)

‘There is such a thing as too healthy!’ (Year 8 Pupil,

Ashgrove)

When asked to suggest an ‘ideal school lunch’, pupils

expressed a preference for fast food and soft drinks, with

pizza, burger, chicken nuggets, meatballs and chips sug-

gested as main meals with pasta also a popular choice.

For drinks, apple and orange juice, orange squash, water

and diet lemonade, as well as brands such as Pepsi, Yazoo

and Fanta, were all represented. Where dessert was men-

tioned, these included chocolate, chocolate chip brownies

and jelly. The drawings revealed a preference for salad

while vegetables did not appear; fruit was included in the

form of apples, bananas and peaches (Figures 1 and 2).

Meal type

Although school provision often focuses around a ‘main

meal’, this form of provision was unpopular with pupils

because it was felt that this would be the type of meal

they would eat at home, at a family mealtime rather than

in the school environment with peers.

‘What have you drawn? What would you like to

eat?’ (Facilitator)

‘I’ve got some pasta and baguettes and jacket pota-

toes, a bit more light, like lunchy . . . (the meals) all

look a bit too heavy . . . there’s loads of gravy, they

all look a bit like something I’ve had for dinner

instead’ (Year 8 Pupil, Ashgrove)

Pupils stated a preference for portable foods which can

be taken away and eaten quickly; it was also evident that
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pupils shared and adhered to peer group values, noting

the unpopularity of hot meals, reinforced by the fact that

few pupils select them.

‘Hot meals are not very popular, more like cold

food, like baguettes and stuff’ (School Council Pupil,

Daleview)

‘Why do you think hot meals are not very popular?’

(Facilitator)

‘Maybe people don’t like the food that’s on offer or

maybe they just don’t like sitting there with a plate

of food when everyone else is eating something dif-

ferent’ (School Council Pupil, Daleview)

It was apparent that the new menus imposed as a result

of the Appetite for Life guidance did not align to pupils’

preferences; however, the top down approach in which

the healthy eating agenda is prioritised, gave pupils little

opportunity to negotiate.

Power relationships

Within the school environment, food practices are highly

regimented (38) and pupils felt that their ability to influ-

ence school food provision was limited. A lack of infor-

mation and consultation exacerbated the feeling that they

were unable to influence these processes.

Information

The complexity of relationships within the school environ-

ment, particularly in terms of pupils’ relations to school

structures are conceptualised in a model of school ecology

which identifies the concept of connectedness (39). Key in

feeling connected is the provision of information;

however, it was evident that pupils felt that they had

not been kept informed of the impending changes to

menus.

‘The food has got worse, it was good when we came

here and then . . . they changed, there’s no choco-

late, nothing there at all’ (Year 10 Pupil, Daleview)

‘Do you know why that has happened?’ (Facilitator)

‘No, it just disappeared overnight’ (Year 10 Pupil,

Daleview)

In addition, pupils felt that in the day to day running

of the canteen, they did not have the information that

they needed to make informed choices; that menus were

not displayed prominently and the four-week system that

was used was difficult to follow.

‘I can’t read the menu cos it’s really confusing, and

I don’t know what week it’s on’ (School Council

Pupil, Daleview)

Additionally, in Briarwood, pupils noted that there was

a lack of information when choosing options

‘They used to do this pre-ordering thing, well they

still do it now, but you don’t know what they are

offering to put in your baguettes . . . yeah, you don’t

know what is on offer’ (Year 8 Pupil, Briarwood)

Influence

Although pupils felt that they were not given information

to make informed choices, they also felt that they were

not consulted in one school.

‘They’re trying to force healthiness onto us, rather

than letting us make our decisions’ (Year 8 Pupil,

Ashgrove)

‘Yeah, they did it without anyone knowing and they

didn’t even ask for any of our opinions’ (Year 8

Pupil, Ashgrove)

Figure 1 Pupil, Briarwood High School

Figure 2 Pupil, Ashgrove High School
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‘They should have done a survey or something’

(Year 8 Pupil, Ashgrove)

However, pupils in Daleview felt that they were able to

have some input in decisions made by the school.

‘Do they listen, do you think, to what you’re say-

ing?’ (Facilitator)

‘Yeah’ (School Council Pupil, Daleview)

‘Sometimes’ (School Council Pupil, Daleview)

‘Most of the time’ (School Council Pupil, Daleview)

‘You see an impact sometimes and then other times,

it don’t change’ (School Council Pupil, Daleview)

However, in Ashgrove, pupils felt that even where

views were shared, they were ignored.

‘We (the School Council) don’t have meetings often

but we always say about the food, we say the bottom

line is, we just need it back to the way it was’ (Year

8 Pupil, Ashgrove)

‘They’re not going to listen to us, they never do’

(Year 8 Pupil, Ashgrove)

The lack of information and the lack of opportunity to

participate in decision making were perceived by pupils

as being a result of their status within the school, specifi-

cally their age.

‘I think they think that we’re at this age . . . that

we’re just stupid and we can’t really make up our

minds, but really we can really choose our own

opinions and stuff, we’re not stupid’ (Year 8 Pupil,

Ashgrove)

For pupils, lunch time represents a time of the school

day where they can socialise and have a break from the

regimented nature of the school day; however, the focus

on the health agenda meant that lunchtime did not

always fulfil its promise as a pupil centred space.

School food practices

It was apparent that pupils resented their choices being

controlled and where pupils felt that they could not make

their voices heard through conventional channels, it was

necessary to use other means to express their dissatisfac-

tion with the new menus.

‘We’re actually making a petition against it’ (Year 8

Pupil, Ashgrove)

In terms of school food practices, pupils often opted

out of school food provision. For those opting out, the

alternative was to bring a packed lunch or, where schools

had an offsite policy, to access food offsite. There was

general agreement that bringing a packed lunch allowed

pupils to avoid school food provision while maintaining

control over contents.

‘Home food is better’ (School Council Pupil, Dale-

view)

‘Because you choose what you want to eat?’ (Facili-

tator)

‘. . . Have chocolate bars and not cookies that don’t

taste of chocolate’ (School Council Pupil, Daleview)

Where pupils were allowed offsite at lunchtime, this

was popular with pupils because it enabled them to access

foods that, as a result of nutritional guidelines, they were

no longer allowed to access in school.

‘I just go down the shops and get a bar of chocolate’

(Year 10 Pupil, Ashgrove)

It was agreed that there was a trend for pupils to opt

out of provision from the canteen.

‘If you compare the queue in the canteen from what

it was before . . . they used to have 200 students

going in . . . now they have just less than 100 cos

nobody likes the food anymore’ (Year 8 Pupil, Ash-

grove)

In Ashgrove, only pupils in year 9 and above were

allowed offsite; however, pupils felt that the decision to

opt out of school food provision was one which was

shared across the school community.

‘Nobody would want to go to the canteen if every-

body was allowed off site, I don’t think’ (Year 10

Pupil, Ashgrove)

Discussion

Summary

The present study uses a Collective Lifestyles approach to

assess pupils’ views of the introduction of the Appetite

for Life guidance in secondary schools in Wales and the

implications for lunchtime practices. Such an approach

allows an exploration of behaviour in context, facilitating

analysis of factors that influence decisions. Focussing on

patterns of consumption, the results indicate that changes

resulting from the introduction of Appetite for Life were

unpopular with secondary school pupils and the new

menus did not align with pupils’ consumption prefer-

ences, either in terms of content or meal type because the

focus was on the desirability of portable, snack type

foods. The nature of the lunchtime setting and the focus

on the health agenda meant that pupils perceived that
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they were excluded from decision making processes and,

as such, were unable to influence provision; as a result,

for many pupils, the result was to opt out of school food

provision and access chosen foods elsewhere.

Comparison with other literature

The focus group data indicate a preference for fast food

and unhealthy snacks, which reflects the findings of other

literature (23,40,41). In part, this reflects the different mean-

ings that food types have for young people, whereas

‘healthy food’ is related to family, home and weight loss,

‘junk food’ is associated with friends, peers and conve-

nience. (42–44). These shared meanings relate to the con-

struction of identity and determine peer norms, and so,

although unhealthy food is associated with friendship,

pleasure and relaxation, healthy eating is associated with

being untrendy, potentially attracting teasing and

marginalisation (45).

In terms of the school food environment, the literature

notes that, for pupils, the lunch time represents a space

where they can relax, be with their friends and enjoy a

break from the regimented nature of the school day.

However, because of organisational structures and adult

led agendas for health promotion, lunchtime does not

always fulfil its promise as a pupil centred space and

pupils have little scope for negotiation (46–49). In this

research, pupils reported that they were not given suffi-

cient information to make informed choices or, in some

cases, the opportunity to express opinions or influence

provision. It was also apparent that pupils resented the

removal of some foods from the menu, resonating with

other research reporting that, when attempts were made

to limit or remove less healthy food items and introduce

healthier snacks, pupils strongly resented their choices

being controlled (22).

Within this context and the increased autonomy associ-

ated with adolescence, especially in relation to food, these

factors will lead them to adopt strategies of resistance
(24,50). In the present study, pupils opted out of school

food provision, either bringing a packed lunch or going

offsite for lunch. This reflects other research which found

resistance to include complaining, nonpurchasing and

opting out (22,50,51).

Strengths

The present study adds to our knowledge by exploring

the response of secondary school pupils to the imposition

of strict nutritional guidelines within the school setting.

Acknowledging the social nature of eating, critical for this

age group, the present study uses qualitative methods to

explore the influence of context and peer norms on

consumption practices. Key within this understanding is

the Collective Lifestyle approach which facilitates a move

away from the perception of consumption as a lifestyle

behaviour and towards the significance of the social as a

domain of inquiry; in this way, these behaviours are con-

sidered a social activity, rooted in place (27).

Limitations

For research undertaken in a school setting, a hierarchy of

gate keepers may influence the sampling process. This

may have an unpredictable effect on the group composi-

tion if teachers select participants on the basis of good

behaviour or perceived eloquence (52). Additionally, the

data presented here are drawn from focus groups with

pupils from schools within one local authority in Wales.

As such, although the findings may not be generalisable to

other pupil populations, they highlight issues relating to

the healthy eating agenda which has been implemented in

school settings across the devolved territories of the UK.

Implications for policy and practice

The present study highlights the complexity of decision

making around diet, particularly in the school environment

in recognition that far from being a result of individualised

behaviour, teenagers eating habits within the school are

deeply embedded within the context within which they

occur (50). Such an approach recognises the symbolic

dimensions of food consumption (45,53) and that patterns

of consumption are vital in establishing and managing

identities and considerably influenced by peer group iden-

tities in the school setting (54,55). As such, the healthy eating

messages that dominate lunchtime provision fail to comply

with preference; in addition, because of the association

with being untrendy, they also have the potential to expose

young people to uncomfortable social risk (22,53) and this

will lead to a rejection of healthy options.

This is of concern because alternatives to school lunch

will often represent a poorer nutritional option. Concern

has been raised in terms of the quality of many packed

lunches (56,57) with evidence consistently demonstrating

that the contents of packed lunches fail to achieve the

minimum standards set for school meals (58). In terms of

accessing foods offsite, research indicates that there are

numerous opportunities for pupils to purchase energy

dense foods (33) and analysis of food purchased from off-

site sources raises concern in terms of the levels of fat

and sugar (32).

The development of the healthy eating agenda within

the school setting needs to take into account the com-

plexities of consumption preferences for adolescents and

implications in terms of identity and social networks.
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Further research

A change of catering policy within the local authority

meant that the Appetite for Life guidelines had been

strengthened in the weeks before data collection. Because

this change was very recent for pupils, it is possible that the

data reflect their immediate reaction to this and, in time,

pupil’s perceptions of the new menus may have changed.

Further research could take a longitudinal approach to

assess pupils’ perceptions of changing provision over

time.

Conclusions

Although the introduction of minimum nutritional stan-

dards represents a move towards ensuring school food

provision promotes and provides healthy foods, this rep-

resents a contradiction in terms of the preferences and

expectations of pupils. Increasing autonomy within this

age range and the link between consumption, social net-

works and identities means that the drive towards healthy

food will have implications for pupils in terms of poten-

tial social exclusion and, as a result, pupils opt out of

school food provision.
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Abstract

Background: The possible associations between adherence to the Mediter-

ranean diet and micronutrient and energy intakes are unknown among

Israeli adolescents.

Methods: A cross-sectional, nationally representative, school-based study

was conducted in Israeli adolescents. Schoolchildren (n = 5005), aged 11–
18 years, who completed a food frequency questionnaire and had complete

data to compose a 14-item modified KIDMED score were included.

Results: The nutrient intakes for all the micronutrients showed a significant

monotonic increase in the poor, average and good KIDMED groups (all

P < 0.001). The same monotonic increasing was also shown in nutrient

densities for most micronutrients (for calcium, magnesium, potassium, cop-

per, vitamin A, vitamin E, vitamin C, thiamin, riboflavin, vitamin B6, folate

in both genders, additionally for phosphorus in girls) (all P < 0.05). A posi-

tive association was shown between the percentages of students with ade-

quate intakes (AIs) or recommended dietary allowances (RDAs) in

micronutrients and modified KIDMED scores. The positive association also

existed between the number of micronutrients with AIs or RDAs and modi-

fied KIDMED scores (r = 0.495 and 0.501, P < 0.001) for boys and girls,

respectively. By contrast, dietary energy density (calibrated by 1000 kcal)

was negatively linearly associated with modified KIDMED scores, and a sig-

nificant monotonic decrease in energy density was shown among the poor,

average and good KIDMED groups (all P < 0.001).

Conclusions: The modified KIDMED score was positively associated with

better micronutrient profile and negatively associated with dietary energy

density in Israeli adolescents, indicating that the KIDMED index is a useful

tool for combating the malnutrition of micronutrient deficiency and over-

weight/obesity.

Introduction

Undernourishment, micronutrient deficiency and over-

nutrition are considered as the triple burden of malnutri-

tion (1). In 2015, it was estimated that 795 million people

were undernourished globally (2), one-third to a half of

the world population were affected by micronutrient

deficiency (so-called ‘hidden hunger’) (3), and the number

of adults with overweight/obesity in 2014 was more than

1.9 billion (4). The Mediterranean diet (MD), which is

characterised by a high consumption of whole cereals,

legumes, fresh fruits and vegetables, and olive oil, a mod-

erate to high consumption of fish, a moderate consump-

tion of dairy products, and a low consumption of red
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meat products, has been accepted as one of the healthiest

dietary patterns in the world. Good adherence to the MD

may be helpful in combating malnutrition of both

micronutrient deficiency and over-nutrition.

As the only source of micronutrients (minerals and

vitamins), the diet plays a central role in micronutrient

intake (5). Deficiencies in micronutrients, such as iron,

iodine and vitamin A, can lead to severe adverse conse-

quences. The components of the MD, including vegeta-

bles, fruits, nuts, legumes, whole cereals, etc., are rich in

diverse minerals and vitamins, thus decreasing the risk of

micronutrient deficiency.

In addition, a possible negative association between the

MD adherence and overweight/obesity was suggested (6).

Better MD adherence could even mitigate the adverse conse-

quences of obesity including cardiovascular disease (7–9).

Apart from health benefits, the MD reflects the com-

mon cultural and traditional heritage in Mediterranean

countries (10). However, a declining trend in the MD

adherence is observed, particularly among the young (11).

Against this background, the 16-item KIDMED index has

been developed and utilised for assessing the MD adherence

in children and adolescents (11). We assessed the MD adher-

ence in Israeli adolescents using a modified 14-item

KIDMED index (see Supporting information, Table S1)

based on the MabatYouth Survey – the first Israeli National

Youth Health and Nutrition Survey (12–14). The prevalence

of having poor KIDMED scores varied in different coun-

tries, ranging from 5% to 27%, depending on the different

geographical location and age (11,15–18). In Israeli adoles-

cents, the prevalence of having poor KIDMED scores was

25.5% (12).

Given the possible association between the MD adherence

and micronutrient status, some population studies have

assessed the nutritional adequacy, particularly micronutri-

ent adequacy, stratified by the MD adherence (19–21). How-

ever, this work has not been conducted in an Israeli youth

population. In addition, whether the MD adherence is asso-

ciated with dietary energy intake, which relates to the global

public health challenge of obesity, is also unknown in our

population. Accordingly, the present study aimed to explore

the possible association between the modified KIDMED

scores and nutritional adequacy, particularly micronutrient

adequacy in Israeli adolescents. In addition, we also

explored the dietary energy intake by KIDMED scores,

which may help to clarify the possible association between

the MD adherence and overweight/obesity.

Materials and methods

Population and sampling

The study population, sampling method and data

resources in the Mabat-Youth Survey have been described

elsewhere (12–14,22). Briefly, the Mabat-Youth Survey is a

cross-sectional, nationally representative, school-based

study. A cluster sampling framework was used in the pre-

sent study. Middle and high schools (7th–12th grades)

were randomly selected from the Ministry of Education

lists, ensuring representation of Israeli adolescents accord-

ing to ethnic group (Jew, Arab), stream (state, state reli-

gious), school level (middle school: grades 7–9; high

school: grades 10–12) and socio-economic status (SES).

SES was defined by the welfare levels assigned by the

Ministry of Education according to the support the

school needed. Welfare levels 1–5 indicate a higher SES

(less support needed), with level 1 comprising the highest

SES; whereas levels 6–10 present a lower SES (more sup-

port needed), with level 10 comprising the lowest SES.

Schools from the ultra orthodox sector, private or board-

ing schools were not included in the sampling (22). The

Ministry of Education guidelines permit school-based sur-

veys among students with permission from their parents.

Several days before the survey, school teachers introduced

and explained the survey to potential participants in class,

and asked the students to inquire as to their parents’ will-

ingness for their participation. Those students whose par-

ents did not oppose, in writing, the participation of their

children, were included in the survey and given the self-

administered questionnaire to complete.

In total, 6274 adolescents in grades 7–12, aged 11–
18 years, finished the self-administered questionnaire,

including food frequency questionnaire (FFQ), eating

habits and lifestyle questionnaires. Anthropometric mea-

surements including the height and weight were also per-

formed. Among them, 5268 had complete data for the

FFQ. The adherence rate for completion of the FFQ with

respect to Jewish and Arab participants was 87.7% and

76.1%, respectively. Schoolchildren who were in middle

school, and who were from lower SES (level 6–10) back-

grounds, had a higher rate of not finishing the FFQ.

Dietary assessment

All of the 6274 participants were provided a self-adminis-

tered FFQ and other related questionnaires. The time of

the survey in different schools was designed to cross

through the year to cover the full year, aiming to min-

imise the influence of seasonal variation to dietary assess-

ments. A preliminary version of FFQ was tested in both

Jewish and Arab sectors. After necessary modifications, a

semi-quantified 95-item FFQ, containing both Jewish and

Arab foods, was used in the final questionnaire for all

participants.

Among the 5268 adolescents who completed a FFQ,

578 subjects were also interviewed using a 24-h food

recall on weekdays. A similar methodology has been
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employed in previous research (23). The energy/nutrient

intake data derived from the FFQ were calibrated with

the data from the 24-h food recall. An overall 30% over-

reporting of nutrient intake was found in the FFQs.

The portion weights used in the FFQs were assigned by

investigators according to previous experience and were

explained in detail to the participants before dietary

assessment.

Modified KIDMED score

The KIDMED index is a 16-item index to measure the

adherence to the MD among children and adolescents
(11). Based on the data availability in FFQs and eating

behaviour questionnaires in the Mabat-Youth study, a 14-

item modified KIDMED index, without information on

nuts consumption and olive oil usage at home, was uti-

lised for quantitatively measuring MD adherence in the

Mabat-Youth Study (see Supporting information,

Table S1) (12). Altogether, 5005 participants had complete

data to compose a 14-item KIDMED score. These 5005

participants were finally included in the present analysis.

Three KIDMED groups were categorised by modified14-

item KIDMED scores: (i) ≥7, good; (ii) 3–6, average; and
(iii) ≤2, poor (12). The reasons for defining the cut-off

points in the modified KIDMED scores have been

described before (12).

Energy and nutrient intakes

Daily energy and nutrient intakes were calculated at the indi-

vidual level according to the FFQs. Food items with reported

frequency less than once per week were ignored in the calcula-

tion. Energy and nutrient data for food items were derived

from the Israeli food composition database.

An overall 30% over-reporting in energy and nutrient

intake were found in the FFQs when calibrated with 24-h

food recall. However, we do not consider it is reasonable

to apply a population-based calibration to individual

data. Therefore, the calibration was not used when calcu-

lating individual energy and nutrient intakes. That means

the energy and nutrient intakes reported in the present

study might be higher compared to the real condition.

Energy density and nutrient density

Energy density was calculated using two different models.

One was defined as energy intake per gram of solid or

semi-solid food and caloric beverages. The other was

defined as energy from per gram of solid or semi-solid

food only. The former included all the solid or semi-solid

food and caloric beverages, excluding water, tea, coffee

and artificially sweetened soft drinks (24). The latter

included only solid and semi-solid food, excluding any

beverages (milk, juice, cola, soft drinks, beer, wine, tea,

coffee and water) and soup (25,26).

Nutrient density was defined as nutrient intake per

1000 kcal energy intake from all the food and beverages.

Adolescents with adequate intakes or recommended

dietary allowances in micronutrients

The values for adequate intakes (AIs) or recommended

dietary allowances (RDAs) were derived from the dietary

guidelines for Israeli adolescents, which were based on the

values from the USA Institute of Medicine (27), with minor

modifications. We mainly counted micronutrients, includ-

ing calcium, iron, magnesium, phosphorus, potassium,

zinc, copper, vitamin A, vitamin E, vitamin C, thiamin,

riboflavin, niacin, vitamin B6, vitamin B12 and folate.

Because, for sodium, over-intake rather than inadequate

intake was more of a concern, the AI of sodium was not

assessed. Dietary fibre, in the category of macronutrients,

was also assessed. Altogether seventeen nutrients were

assessed by adequacy. The gender- and age-specific AIs or

RDAs are listed in the Supporting information (Table S2).

For each nutrient, the percentage of adolescents with

an AI or a RDA, and for each person, the number of

nutrients with AIs or RDAs was compared among

KIDMED groups.

Statistical analysis

All statistical analyses were performed using SPSS, version

20.0 (IBM Corp., Armon, NY, USA). Continuous data

are presented as the mean (SD) or median (interquartile

range, Q1–Q3) according to the data distribution. The

chi-squared test was used to compare the proportions of

independent samples. The t-test or one-way analysis of

variance (ANOVA) was used to compare continuous vari-

ables that were normally distributed. When one-way

ANOVA showed significance among groups, Bonferroni cor-

rection was used for multiple post-hoc comparisons

between groups. A Kruskal–Wallis test was used to com-

pare energy and nutrient intakes among KIDMED groups

and a post-hoc comparison was conducted using the

Dunn–Bonferroni approach. Spearman correlation analy-

sis was utilised to assess the bivariate correlations in

which the data were not normally distributed.

Results

Among the 5005 schoolchildren between 11–18 years old,

43.2% (n = 2162) were boys and 56.8% (n = 2843) were

girls; 75.1% (n = 3758) were Jews and 24.9% (n = 1247) were

Arabs; 25.5% (n = 1276) had poor, 55.2% (n = 2761) had
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average, and 19.3% (n = 968) had good adherence to the

MD. The mean (SD) of the KIDMED scores among partici-

pants was 4.26 (2.40). KIDMED scores by gender and ethnic-

ity have been reported in previous research (12). The baseline

characteristics and KIDMED categories of the studied popula-

tion are shown in Table 1.

Energy intakes by KIDMED category

A significant monotonic increase in total energy intake was

shown in the poor, average and good KIDMED groups in both

boys and girls, with significant differences among and between

groups (all P < 0.001). The trend of energy density among

KIDMED groups, using two different models, was reversed

compared to the trend of total energy intake, showing a signifi-

cant monotonic decrease in the poor, average and good

KIDMED groups (P < 0.001) (Table 2). Moreover, Spearman

correlation analysis showed a negative correlation between

KIDMED scores and energy density using both models (all

P < 0.01). In model 1 with solid or semi-solid food and caloric

beverages, the Spearman correlation coefficients were �0.192

and�0.221 in boys and girls, respectively; whereas, in model 2,

with solid or semi-solid food only, the coefficients were�0.405

and�0.367 in boys and girls, respectively (all P < 0.01).

Nutrient intakes by KIDMED category

Similar to the trend of total energy intake, for all the

micronutrients and fibre intakes in Table 3, a significant

monotonic increase in the poor, average and good

KIDMED groups was also demonstrated (all P < 0.001)

(Table 3).

Table 1 Baseline characteristics and KIDMED categories of studied population in Mabat Youth Survey (2003–2004)

Total Boys Girls

P (boys versus girls)Mean or n (SD) or % Mean or n (SD) or % Mean or n (SD) or %

Age (years), mean (SD)

Jews 15.10 (1.67) 15.01 (1.73) 15.17 (1.62) 0.003**

Arabs 15.41 (1.55) 15.33 (1.57) 15.46 (1.53) 0.123

P (Jews versus Arabs) <0.001*** <0.001*** <0.001***

High school (10th – 12th grades) (n, %)

Jews 1790 47.6 739 44.7 1051 50.0 0.001**

Arabs 696 55.8 255 50.2 441 59.7 0.001**

P (Jews versus Arabs) <0.001*** 0.029* <0.001***

High SES (n, %)

Jews 2012 53.5 950 57.4 1062 50.5 <0.001***

Arabs 591 48.0 236 47.0 355 48.7 0.561

P (Jews versus Arabs) 0.001** <0.001*** 0.408

Mother’s education ≥12 years (n, %)

Jews 2694 92.6 1198 93.8 1496 91.7 0.032*

Arabs 689 64.4 278 65.6 411 63.6 0.516

P (Jews versus Arabs) <0.001*** <0.001*** <0.001***

BMI, mean (SD)

Jews 20.86 (3.53) 20.86 (3.69) 20.87 (3.40) 0.966

Arabs 21.54 (3.86) 21.42 (4.17) 21.63 (3.64) 0.354

P (Jews versus Arabs) <0.001*** 0.009** <0.001***

KIDMED category (n, %)

Jews

Poor 1020 27.1 430 26.0 590 28.0 0.359

Average 2019 53.7 906 54.8 1113 52.9

Good 719 19.1 318 19.2 401 19.1

Arabs

Poor 256 20.5 98 19.3 158 21.4 0.055

Average 742 59.5 292 57.5 450 60.9

Good 249 20.0 118 23.2 131 17.7

P (Jews versus Arabs) <0.001*** 0.005** <0.001***

BMI, body mass index; SES, socio-economic status.

SES is defined by the welfare level of the area where the school is situated. All the 5005 participants have data on age, school level and KIDMED

category. The data on BMI were obtained from 1516 Jewish boys, 1757 Jewish girls, 477 Arab boys and 700 Arab girls. Data on SES were from

4989 participants, and on mother’s education from 3978 subjects.

*P < 0.05, **P < 0.01, ***P < 0.001.
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Regarding the nutrient density (adjusted by 1000 kcal)

of micronutrients and dietary fibre, for the majority of

micronutrients (calcium, magnesium, potassium, copper,

vitamin A, vitamin E, vitamin C, thiamin, riboflavin, vita-

min B6, folate in both genders, additionally for phospho-

rus in girls) and fibre, the nutrient densities also

demonstrated a significant monotonic increased pattern

in the poor, average and good KIDMED groups (all

P < 0.01) (see Supporting information, Table S3).

Percentages of students with adequate intakes or

recommended dietary allowances in micronutrients and

fibre by KIDMED category

Spider diagrams were used to present the percentages of

students with AIs or RDAs for sixteen micronutrients and

dietary fibre, altogether seventeen nutrients (Fig. 1).

Because, for sodium, the over-intake, rather than inade-

quacy, was a common nutritional issue, the data for

sodium were not listed here. The detailed data were

shown in the Supporting information (Table S4).

Figure 1a shows the overall percentages of boys and

girls with AIs or RDAs in included nutrients. The nutri-

ent profile patterns were highly consistent between both

genders. Four nutrients were inadequate in more than

50% of participants, both boys and girls. These were cal-

cium, potassium, dietary fibre and vitamin E. Vitamin A

in boys (38.6% with RDAs) and folate in girls (42.6%

with RDAs) were also highly deficient.

Figures 1b,c show the percentages of participants with AIs

or RDAs in each nutrient by KIDMED groups in boys and

girls, respectively. In both genders, the percentages demon-

strated a significant monotonic increase in the poor, average

and good KIDMED groups in all the seventeen nutrients (all

P < 0.01). The nutrients, where the percentage difference

between the poor and good KIDMED groups were more than

50%, were dietary fibre, magnesium, potassium, vitamin A

and folate in both genders and, additionally, phosphorus, zinc

and thiamin for girls only.

Of note, certain nutrients were severely deficient in the

poor KIDMED group, with <20% students having AIs or

RDAs. Three nutrients (i.e. dietary fibre, calcium and

potassium) were among the nutrients with severe defi-

ciency for both genders. Additionally, in girls, with

respect to two nutrients (i.e. vitamin E and folate), <20%
of participants with poor KIDMED scores reached RDAs.

Number of nutrients with adequate intakes or

recommended dietary allowances by KIDMED groups

In both genders, the number of nutrients with AIs or

RDAs was positively associated with KIDMED scores

(both P < 0.001). In boys, the median numbers of

nutrients with AIs or RDAs among the poor, moderate

and good KIDMED groups were 8, 13 and 16, respec-

tively; whereas, in girls, the numbers were 6, 12 and 16,

respectively (see Supporting information, Figure S1). The

Spearman correlation coefficient between the modified

KIDMED score and the number of nutrients with AIs or

RDAs were 0.495 and 0.501 in boys and girls, respectively

(both P < 0.001).

Discussion

In the present study, we show that the modified KIDMED

index was a validated tool for assessing and comparing

micronutrient status among Israeli adolescents. In addi-

tion, the suggested lower energy density but higher nutri-

ent density of the MD in the present study provided

added value to the health benefits of the MD, which may

be a possible solution to the prevailing global public

health challenge of being overweight and obesity.

Overall nutritional status of Israeli adolescents

From the MabatYouth Survey, it can be seen that Israeli

adolescents are confronted with two components of the

triple burden of malnutrition, namely micronutrient defi-

ciency and over-nutrition.

Micronutrient deficiency, particularly of calcium, potas-

sium, vitamin A, vitamin E and folate, was common

(only less than or around half of students had an AI or a

RDA) in our population (Fig. 1a). Compared with other

Mediterranean countries in which micronutrients were

also assessed based on dietary surveys (e.g. Spain), the

micronutrient profiles in Israeli schoolchildren were less

favourable, although the AIs or RDAs of micronutrients

were assessed using different approaches (20). Of note, the

nutrient data derived from the FFQ are usually higher

compared to data from 24-h food recalls. In our dataset,

it has been shown that there is an overall 30% over-

reporting on nutrient intakes calibrated with 24-h food

recall. That means the actual micronutrient intakes

among participants were lower than the data reported in

the present study. Therefore, the real condition of

micronutrient deficiency may be even worse.

Apart from micronutrient deficiency, another nutrition

issue in our population was overweight/obesity. In our

previous study based on the same dataset, the prevalence

of being overweight in Israeli adolescents was shown to

be 12–15%, and the prevalence of obesity was 4–9%,

depending on gender and ethnicity (22). In the present

study, the medians of total energy intakes (Table 2) were

shown to be far above the gender- and age-specific esti-

mated energy level needed according to the dietary guide-

lines (27), which may help explain the presented
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prevalence of overweight and obesity in our population.

The Israeli prevalence of obesity in adolescents, which

was derived from the survey more than 10 years ago, was

lower than that in American children and adolescentsT
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Figure 1 Percentages of students with adequate intake (AI) in 17

nutrients by KIDMED groups in both genders. Seventeen nutrients

include seven minerals, nine vitamins and dietary fibre. fib, dietary

fibre; Ca, calcium; Fe-iron; Mg-magnesium; P, phosphorus; K-

potassium; Na-sodium; Zn-zinc; Cu, copper; VA, vitamin A; VE,

vitamin E; VC, vitamin C; B1, thiamin; B2, riboflavin; B3, niacin; B6,

vitamin B6; B12, vitamin B12; fol, folate. (a) Overall percentages of

boys and girls with adequate intake (AI) in 17 nutrients. (b)

Percentages of boys with AI in nutrients by KIDMED groups. (c)

Percentages of girls with AI in nutrients by KIDMED groups.
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(around 20% obesity) (28,29). However, from the global

increased trend of overweight and obesity in adults (4,30),

children and adolescents (31), the current prevalence of over-

weight and obesity in Israeli adolescents is probably higher

than indicated by the data from the MabatYouth Survey.

This has been confirmed by the updated prevalence of obe-

sity in Israeli adolescents, which ranged from 6% (upper

school girls) to 15% (inter-mediate school boys) (32).

Nutritional adequacy by KIDMED category

The positive association between modified KIDMED scores

and better micronutrient adequacy was supported by the

higher absolute values of micronutrient intakes (Table 3)

and the higher percentages of students with AIs or RDAs of

micronutrients in the good KIDMED group (Figs. 1b,c).

This was, to a large extent, consistent with other studies

regarding the MD adherence and nutritional adequacy, in

both children (20) and adults (19), although the analysis

approaches were not exactly the same in all the studies. In a

study by Serra-Majem et al. (20), KIDMED scores were

associated with decreased percentages of inadequate intakes

for calcium, magnesium, vitamin B6 and vitamin C in both

genders, as well as iron and vitamin A only in females;

whereas, in our data, similar associations existed for almost

all the micronutrients for both genders (Figs. 1b,c). Even

when the micronutrient intakes were adjusted by total

energy intakes, the MD adherence was also positively asso-

ciated with better nutritional profiles (19). This was also

supported by our data, shown as the positive association

between micronutrient density and the modified KIDMED

score (see Supporting information, Table S3).

Apart from assessing and comparing individual nutri-

ent items, KIDMED scores could also assess the overall

nutrient adequacy of participants in our population. In

the present study, students with good KIDMED scores

had significantly more nutrients with AIs or RDAs. More

than 50% of students (both boys and girls) with good

KIDMED scores had AIs or RDAs of sixteen out of seven-

teen nutrients, whereas, in the poor KIDMED group,

more than 50% of students had AIs or RDAs in only six

to eight nutrients (see Supporting information, Figure S1).

This result was consistent with the data from the Segui-

miento Universidad de Navarra (SUN) cohort in Spain,

in which the number of nutrients with AIs or RDAs was

positively associated with the Mediterranean dietary pat-

tern, and negatively associated with a Western dietary

pattern (19).

From the perspective of public health nutrition policy,

for nutrients in which students in the good KIDMED

group had high rates of AIs or RDAs (e.g. zinc, vitamin

C, vitamin B family), health promotion programmes

targeting good MD adherence should be developed to

combat the malnutrition of micronutrient deficiency;

however, for nutrients in which the overall percentages of

AIs or RDAs were low (e.g. calcium, potassium, vitamin

A, vitamin E, folate), apart from the health promotion

programmes, the necessity and safety of fortification

could be assessed carefully, in order to achieve the opti-

mal nutritional status of the population.

Energy density by KIDMED category

Our data showed a negative association between modified

KIDMED scores and energy density, as a result of compar-

ing energy densities among KIDMED groups (Table 2) and

the negative Spearman correlation between these two vari-

ables (P < 0.001). We did not find other studies regarding

the association between KIDMED scores and energy den-

sity; however, analysis of the British National Nutrition

Survey demonstrated a similar negative association when

the Mediterranean diet score and the Healthy Diet Indica-

tor were utilised to assess the dietary quality in adults (26)

and children (25). Combining the results, the MD adher-

ence, measured by the KIDMED index or the Mediter-

ranean diet score, was associated with lower energy density.

This might be another important health benefit of the MD

when overweight/obesity is a global public health challenge
(30,33,34). Even though no clear association between the MD

adherence and overweight/obesity was shown in children
(12,35–39) or adults (6), promoting foods with low energy

density but rich in nutrients is still an important way to

combat the public health issue of overweight/obesity (40).

In the era of over-nutrition, restricting energy intake at the

same time as ensuring nutrient adequacy may create a

dilemma. Intake of a diverse variety of healthy foods, rich

in minerals, vitamins and fibre, with smaller portion sizes,

is one of the solutions to that dilemma (41).

Limitations of the present study

There are some limitations in the present study. First, the

nutrient adequacy was assessed using an a priori approach,

based on the dietary data from the FFQs. However, an a pos-

teriori approach, by assessing with biomedical markers, is

usually considered to give more valid measures of nutri-

tional status and adequacy. This limitation is a result of the

nature of the study – the school-based study, in which

blood collection and other biomarkers measurement were

not included from an ethical and practical viewpoint. Sec-

ond, the same data source (FFQs) for the modified

KIDMED scores and energy/nutrient assessment may gener-

ate systematic errors. Indeed, nutrient data from the FFQs

were calibrated by 24-h food recalls in 578 participants in
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the MabatYouth Survey. The degree of over-reporting was

considered to be approximately 30%. Nevertheless, we do

not think it is proper to apply a population based regression

coefficient to individual-level data. Therefore, the calibra-

tion was not used. Additionally, we have to accept that the

nutrient and energy data reported in the present study from

FFQs may be higher than those achieved in reality, which

means that the magnitude of micronutrient deficiency was

probably larger than the data reported here. However, the

association between the modified KIDMED score and

micronutrient intake/density is still heading in the same

direction. Third, the present study did not differentiate

over-reporters, appropriate reporters and under-reporters

according to the gender, age and physical activity, which is a

common way to correct reporting bias in dietary surveys
(25,26,42). However, in the MabatYouth Survey, the data col-

lected from the field survey, which were considered inappro-

priate based on the data distribution, were not included in

the analysis. Lastly, drawbacks relating the KIDMED index

and the MabatYouth Survey mentioned in the previous

study (12) (i.e. FFQ not specifically developed for KIDMED

score, different rates of completing FFQ between Jews and

Arabs; self-administered feature of the MabatYouth Survey;

unavailability of data on nut consumption in FFQ) also

existed in the present study.

In conclusion, the modified KIDMED score was posi-

tively associated with better micronutrient profiles in

Israeli adolescents, indicating that the modified KIDMED

index was a validated tool for assessing and comparing

micronutrient adequacy in our population. In addition,

the lower energy density in good KIDMED group demon-

strated the potential application of the MD with respect

to combating overweight/obesity.
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Abstract

Background: Evidence has shown that anthocyanins, a subclass of polyphe-

nol, are metabolised in the gut, modulate bacterial species and exert bioac-

tive effects through this interaction.

Methods: A systematic literature review was undertaken to determine the

level of current evidence for the association between anthocyanin intake and

changes in gut microbiota populations. The studies included were also

assessed for the different techniques used in microbiota determination. Fol-

lowing the PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) guidelines, scientific databases, including Scopus, PubMed,

ScienceDirect, Web of Science and MEDLINE, were searched up to June

2017. Details on population/sample, study design, intervention/control,

dosage and method of microbiota determination were extracted.

Results: Six studies (three in vitro, two animal and one human trials) were

included in the review, which showed that anthocyanins induced a signifi-

cant proliferative effect on Bifidobacterium spp., known for their wide use in

probiotics and for the treatment of irritable bowel syndrome. There was also

an observed inhibition of Clostridium histolyticum, which was shown to be

pathogenic in humans. The depth of analysis is an important consideration

for the choice of microbiota determination technique with respect to a com-

prehensive, high-resolution microbiota analysis or analysis of the main

microbiota taxa.

Conclusions: Very limited research has been carried out in the area of

anthocyanins and gut microbiota; beneficial effects have generally been

observed, and further clinical trials in humans are needed to confirm

changes to gut microbes in relation to dietary anthocyanin intake and

potential health benefits.

Introduction

Anthocyanins are a group of water-soluble plant pigments

responsible for the deep rich purple/red/blue colours observed

in plant-based foods. They are one of the major subclasses of

flavonoids, a class of polyphenols. Their role in human health

has been established in epidemiological studies, including

improved vision (1), cognition and blood pressure (2,3), and

protective effects against cardiovascular disease risk factors (4).

The metabolism of anthocyanins has been well

reviewed (5). Briefly, anthocyanins consumed through the

diet have been shown to be poorly absorbed by the body,

with only a small proportion of intact anthocyanins being

able to pass through the gastrointestinal wall using active

transporters such as the sodium-dependent glucose trans-

porter 1 and facilitative glucose transporter 2 (6). The

anthocyanins absorbed in the gastrointestinal tract are

not only mainly found in methylated, sulphated or
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glucuronidated forms, but also as intact glycosides in very

low concentrations in biological fluids such as blood

(plasma) and urine (10–2000 nM) (5). Even though the

bioavailability of intact anthocyanins in the body is

reportedly low, a considerable amount of (food) matrix-

bound anthocyanins can reach the large intestine and the

colon. Here, they undergo further intensive metabolism

and degradation and are absorbed into the bloodstream,

with some of the subsequent metabolites showing poten-

tial to be more biologically active than the intact antho-

cyanins (5,7). The recent interest in the gut microbiota

and its role in human health has implications for further-

ing the understanding of the effect of anthocyanins on

gut microbiota and subsequent health benefits (8).

The gut microbiota, which comprises the microbe pop-

ulation living in the intestine, contains tens of trillions of

microorganisms and is made up of at least 1000 different

species of identified bacteria (9). The majority of the bac-

teria in the gut are categorised under seven phyla, namely

Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria,

Verrucomicrobia, Cyanobacteria and Actinobacteria, with

the Firmicutes and Bacteroidetes phyla making up over

90% of the human gut microbiota (10,11). Some of the

essential functions of the gut microbiota include vitamin

production, regulation of lipid metabolism, short-chain

fatty acid production as fuel for epithelial cells and regu-

lation of gene expression (12), as well as an important

functional role in the gut–brain axis relationship (13). A

healthy gut, which comprises effective digestion and

absorption of food, absence of gastrointestinal illness,

normal and stable intestinal microbiota, and effective

immune status, is required to sustain host homeostasis
(14). Irregularities and imbalances in the microbiota at dif-

ferent ages have been linked to different diseases and

metabolic conditions across the lifespan, ranging from

allergies in young infants to inflammatory bowel disease

in young adults (15). Research on the gut microbiota con-

tinues to shed light on the health effects of changes to the

gut microbiota modulated by diet.

Different techniques have been described for the deter-

mination of gut microbiota. Advancement in the taxo-

nomical composition of the gut microbiota was limited

until the 21st Century as a result of bacteriological cul-

ture being the only method available to determine its

composition. Even to date, only approximately 30% of

the gut microbiota has been cultured (10). Further under-

standing of the human gut has been improved by

advanced techniques independent of bacteriological cul-

ture. Prior to these advancements, culture and biochemi-

cal typing were the gold standards for the identification

of bacteria species, although they have now been over-

taken by methods that are able to produce a much repre-

sentative information of the overall microbiota (16).

Examples of some of these techniques are sequencing of

the 16S rRNA gene or its amplicons, fluorescence in situ

hybridisation (FISH), quantitative polymerase chain reac-

tion (qPCR), denaturing gradient gel electrophoresis and

terminal restriction fragment length polymorphism. With

these methods, researchers are able to obtain qualitative

and quantitative information on the diversity of the gut

microbiota, as well as changes in the gut microbiota in

relation to an intervention or disease (17). Improved sci-

entific methods of gut microbiota determination have

also presented the issue of the suitability of the different

techniques used and how the results compare to each

another.

Alterations of the gut microbiota have been shown to

induce and promote or reduce the risk of chronic dis-

eases. This hypothetical mechanism has been applied to

the field of obesity and obesity-related nonalcoholic fatty

liver disease in relation to prebiotics/probiotics (18,19) and

anthocyanins (20) as gut modifiers. With this question in

mind, and given this rapidly advancing area of research

in gut health, a systematic literature review has been

undertaken to summarise the current evidence on the

effect of anthocyanins on the gut microbiota. The included

studies were also assessed for the different techniques used

in microbiota determination. It is hypothesised that sup-

plementation of the diet with anthocyanin-rich foods pro-

motes the proliferation of healthy anaerobic bacterial

populations, at the same time as inhibiting the pathogenic

species evidenced in different gut microbiota determination

techniques.

Materials and methods

A systematic literature review was conducted according to

recommendations of the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) state-

ment and checklist (21) (Fig. 1; see also Supporting infor-

mation, Table S1). Scientific databases, including Scopus,

PubMed, ScienceDirect, Web of Science and MEDLINE,

were searched up to June 2017. A combination of search

terms with truncations included the following keywords:

anthocyanins and gut microbiota or colon microbiota

(Table 1). The review was registered on PROSPERO

(International prospective register of systematic reviews)

as CRD42017073750 (22).

Eligibility criteriaStudies were included if (Table 2):

• They were carried out either in vitro, on animals or in

human subjects;

• They quantified the effect of anthocyanin on gut

microbial population and described the method used;

• They utilised anthocyanin extracts or anthocyanin-

rich foods with anthocyanin (individual compounds or

total) content being measured and stated;
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• They assessed changes in gut microbiota associated

with anthocyanin metabolism in the gut;

• They reported in the English language for reasons of

time efficiency and because the cost of translation was

not feasible for the present review.

Exclusion criteria

Studies were excluded if:

• They measured the stability of anthocyanins in

the gut without quantifying effects on gut microbial

population;

• There was no measure of anthocyanin content in

food/beverage source [one study (23) met these criteria

but was included because anthocyanin content was mea-

sured indirectly through the use of anthocyanin metabo-

lites in the urine and was the only included clinical trial];

• They measured total polyphenols or flavonoids in

general and not specifically the subclass of anthocyanins.

Review articles were excluded from the search but were

considered for hand searching. Hand searching of refer-

ence lists was undertaken for all included studies and

review articles. All selected abstracts and citations were

exported from the scientific databases to the reference
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Figure 1 PRISMA flow chart for study selection.
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management software ENDNOTE X7 (Thompson Reuters,

New York, NY, USA). Following extraction and selection

of publications according to the above eligibility criteria,

a tabular summary was developed for the present review,

which included the population, design, intervention,

anthocyanin dosage, health outcomes and results.

Results

The database searches returned 542 articles, and one addi-

tional study was identified via hand searching of reference

lists. Following removal of duplicates and screening of

records, 28 full-text articles were evaluated and only six

studies were eligible and therefore included in the present

review (Fig. 1). The included studies are summarised in

Table 3 and are briefly described below.

In vitro studies

Three in vitro studies were included in this review.

Anthocyanins were tested individually or in a mixture;

for example, as in the case of enocianin, a commercial

food colouring from Vitis vinifera grape peel that contains

a mixture of anthocyanins, including malvidin-3-gluco-

side (200 and 20 mg L–1, respectively), delphinidin-3-glu-

coside (60 and 6 mg L–1, respectively), petunidin-3-

glucoside (85 and 8.5 mg L–1, respectively), peonidin-3-

glucoside (traces) and cyanidin-3-glucoside (traces). With

high and low concentrations reflecting different levels of

intake, anthocyanins showed proliferative effects on bene-

ficial bacterial population and inhibitory effects on patho-

genic species. Incubation of malvidin-3-glucoside with

human faecal slurry at 0 (control), 5, 10 and 24 h showed

a significant (P < 0.05) increase in total bacteria at 24 h.

Significant proliferative effects were also observed in the

bacteria species with beneficial effects such as Bifidobac-

terium spp. and Lactobacillus spp., which are known for

their wide use in probiotics and for the treatment of

ulcerative colitis, irritable bowel syndrome (IBS) and con-

stipation (24). A reduction, although not statistically sig-

nificant, was observed in the potentially harmful

Clostridium histolyticum following a 24-h incubation. For

enocianin, a statistically significant increase (P < 0.05)

was observed in Lactobacillus spp. and Bifidobacterium

spp. following all incubation durations. Bacterial levels

were significantly higher than those observed with mal-

vidin-3-glucoside; however, no significant change was

observed in the Clostridium coccoides–Eubacterium rectale

group, comprising bacteria known for the critical roles

that they play in immune homeostasis (25), or the patho-

genic C. histolycum group (26).

Similar effects have also been observed with purple

sweet potato anthocyanin extracts (cyanidins and

pelargonidin-based anthocyanins) using faecal samples.

Following fermentation at 0, 6, 12 and 24 h, a significant

increase (P < 0.05) was observed for the total bacterial

count. In comparison with the control medium, a steady

increase was observed in the numbers of the Bifidobac-

terium spp. following incubation with purple sweet

potato anthocyanins, although a significant increase was

observed in the bacterial population of Lactobacillus–
Enterococcus spp. By contrast, the control media had a

steady increase in the Bacteroides–Prevotella and C. his-

tolycum during fermentation, whereas, in the media con-

taining anthocyanins, levels were significantly reduced

(P < 0.05) (27).

With respect to the release, metabolism and effect on

gut microbial growth of cyclodextrin-encapsulated antho-

cyanins (cyanidin-3-glucoside, delphinidin-3-glucoside

and malvidin-3-glucoside) on faecal slurry, between 0 and

24 h, malvidin-3-glucoside showed no significant effect

on the population of Bifidobacterium spp., C. coccoides–
E. rectale group, Lactobacillus–Enterococcus spp., C. his-

tolycum group, Bacteroides spp. or Clostridium cluster IX.

However, a significant increase was observed for the

members of the domain Bacteria (EUBmix probe). Cyani-

din-3-glucoside and delphinidin-3-glucoside on the other

hand showed a significant (P < 0.05) inhibition of the

C. histolycum group (28).

Table 2 PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion Exclusion

Participants Humans, animals

and cell cultures (In vitro)

None

Intervention Quantified anthocyanins Other polyphenols

or flavonoids

Comparator Negative controls or

different foods/diets/nutrients

None

Outcomes Changes in gut microbiota Stability of

anthocyanins in

the gut

Study design Randomised and

nonrandomised experiments

None

Table 1 Scopus search strategy

TITLE-ABS-KEY (anthocyan* AND ‘gut microbiota’) AND (LIMIT-TO

(DOCTYPE, ‘ar’) OR LIMIT-TO (DOCTYPE, ‘cp’) OR LIMIT-TO

(DOCTYPE, ‘ip’)) AND LIMIT-TO (EXACTKEYWORD, ‘Human’) OR

LIMIT-TO (EXACTKEYWORD, ‘Intestine Flora’) OR LIMIT-TO

(EXACTKEYWORD, ‘Humans’) OR LIMIT-TO (EXACTKEYWORD,

‘Polyphenols’) OR LIMIT-TO (EXACTKEYWORD, ‘Metabolism’) OR

LIMIT-TO (EXACTKEYWORD, ‘Polyphenol’) OR LIMIT-TO

(EXACTKEYWORD, ‘Article’) OR LIMIT-TO (EXACTKEYWORD,

‘Nonhuman’) OR LIMIT-TO (EXACTKEYWORD, ‘Anthocyanins’)) AND

(LIMIT-TO (LANGUAGE, ‘English’))

56 ª 2018 The British Dietetic Association Ltd.

Anthocyanin effect on microbiota: a review E. O. Igwe et al.



T
a
b
le

3
Su

m
m
ar
y
o
f
st
u
d
ie
s
in
cl
u
d
ed

in
th
e
sy
st
em

at
ic

re
vi
ew

R
ef
er
en

ce
Po

p
u
la
ti
o
n
/s
am

p
le

In
vi
tr
o
/in

vi
vo

D
es
ig
n
(in

te
rv
en

ti
o
n
/

co
n
tr
o
l)

A
n
th
o
cy
an

in
d
o
sa
g
e

m
g
/1
0
0
g
(r
ep

o
rt
ed

d
o
sa
g
e)

M
et
h
o
d
o
f
m
ic
ro
b
io
ta

d
et
er
m
in
at
io
n

R
es
u
lt

H
id
al
g
o
,
et

al
.

(2
0
1
2
)
(2
6
)

p
H
-c
o
n
tr
o
lle
d
,
st
ir
re
d
,
b
at
ch

cu
lt
u
re

fe
rm

en
ta
ti
o
n
sy
st
em

re
fl
ec
ti
ve

o
r
m
im

ic
ki
n
g
o
f

th
e
d
is
ta
l
h
u
m
an

la
rg
e

in
te
st
in
e
co
n
d
it
io
n
s

In
vi
tr
o

En
o
ci
an

in
–
co
m
m
er
ci
al

fo
o
d
co
lo
u
ri
n
g
fr
o
m

V
it
is
vi
n
if
er
a
g
ra
p
e
p
ee
l

an
th
o
cy
an

in
-r
ic
h
ex
tr
ac
t/

m
al
vi
d
in
-3
-g
lu
co
si
d
e

(in
d
iv
id
u
al

an
th
o
cy
an

in
)

3
4
.5

m
g
(3
4
5
m
g
L–

1
)

Fl
u
o
re
sc
en

t
in

si
tu

h
yb
ri
d
is
at
io
n
(F
IS
H
)

A
n
th
o
cy
an

in
s
si
g
n
ifi
ca
n
tl
y
en

h
an

ce
d

th
e
g
ro
w
th

o
f
B
ifi
d
o
b
ac
te
ri
u
m

sp
p
.

an
d
La
ct
o
b
ac
ill
u
s–
En

te
ro
co
cc
u
s
sp
p
.

Th
is
in
cr
ea
se
d
p
ro
lif
er
at
io
n
w
as

h
ig
h
er

af
te
r
en

o
ci
an

in
tr
ea
tm

en
t.

P
<
0
.0
0
5

Zh
an

g
,
et

al
.

(2
0
1
6
)
(2
7
)

Fr
es
h
fa
ec
al

sa
m
p
le
s
fr
o
m

ei
g
h
t
h
ea
lt
h
y
vo
lu
n
te
er
s
(2
5

–3
0
ye
ar
s)

In
vi
tr
o

Pu
rp
le

sw
ee
t
p
o
ta
to

an
th
o
cy
an

in
s/

fr
u
ct
o
o
lig
o
sa
cc
h
ar
id
e

(F
O
S)

(p
re
b
io
ti
c)

7
0
6
m
g
(7
.0
6
m
g

g
–
1
)
tr
ea
tm

en
t:
1
%

(w
/v
)

Fl
u
o
re
sc
en

t
in

si
tu

h
yb
ri
d
is
at
io
n
(F
IS
H
)

Pu
rp
le

sw
ee
t
p
o
ta
to

an
th
o
cy
an

in
s

in
d
u
ce
d
p
ro
lif
er
at
io
n
o
f

B
ifi
d
o
b
ac
te
ri
u
m

an
d
La
ct
o
b
ac
ill
u
s–

En
te
ro
co
cc
u
s
sp
p
.
an

d
in
h
ib
it
ed

th
e

g
ro
w
th

o
f
B
ac
te
ro
id
es
–P

re
vo
te
lla

an
d
C
lo
st
ri
d
iu
m

h
is
to
ly
ti
cu
m
.
Th

ey

d
id

n
o
t
af
fe
ct

th
e
to
ta
l
b
ac
te
ri
a

co
u
n
t

Fl
o
re
s,

et
al
.

(2
0
1
5
)
(2
8
)

Fr
es
h
fa
ec
al

sa
m
p
le
s
fr
o
m

th
re
e
h
ea
lt
h
y
vo
lu
n
te
er
s

In
vi
tr
o

In
d
iv
id
u
al

an
th
o
cy
an

in
s/
a

n
eg

at
iv
e
co
n
tr
o
l
(w

/o
u
t

an
th
o
cy
an

in
s)

2
m
g
(2
0
m
g
L–

1
)

FI
SH

Si
g
n
ifi
ca
n
t
g
ro
w
th

o
f
th
e
d
o
m
ai
n

B
ac
te
ri
a
an

d
sl
ig
h
t
in
h
ib
it
io
n
o
f
th
e

C
lo
st
ri
d
iu
m

h
is
to
ly
ti
cu
m

g
ro
u
p

O
ve
ra
ll,

et
al
.

(2
0
1
7
)
(2
9
)

Se
ve
n
ty
-s
ix

6
-w

ee
k-
o
ld

m
al
e

m
ic
e/
fa
ec
al

sa
m
p
le

(c
ag

e

co
lle
ct
ed

)

In
vi
vo

(a
n
im

al

st
u
d
y)

B
er
ry

su
p
p
le
m
en

ta
ti
o
n
/

h
ig
h
-f
at

d
ie
t
(w

it
h
o
u
t

b
er
ry

su
p
p
le
m
en

ta
ti
o
n
)

0
.0
4
m
g

(1
.1
4
m
g
m
o
u
se

–

1
d
ay

–
1
)

R
ea
l-
ti
m
e
q
u
an

ti
ta
ti
ve

p
o
ly
m
er
as
e
ch
ai
n

re
ac
ti
o
n
(P
C
R
)

Si
g
n
ifi
ca
n
t
in
cr
ea
se

in
o
b
lig
at
e

an
ae
ro
b
ic

b
ac
te
ri
al

an
d

A
ct
in
o
b
ac
te
ri
a
p
o
p
u
la
ti
o
n
in

th
e

g
u
t
(r
el
at
iv
e
ab

u
n
d
an

ce
)

La
co
m
b
e,

et
al
.

(2
0
1
3
)
(3
2
)

N
in
e
m
al
es
,
3
-w

ee
k-
o
ld

Sp
ra
g
u
e
–D

aw
le
y/
co
lo
n

co
n
te
n
t
sa
m
p
le
s
(f
ae
ce
s)

In
vi
vo

(A
n
im

al

st
u
d
y)

B
lu
eb

er
ry
-e
n
ri
ch
ed

d
ie
t

(A
IN
9
3
+
8
%

w
/w

lo
w
b
u
sh

w
ild

b
lu
eb

er
ry

p
o
w
d
er

su
b
st
it
u
ti
n
g
fo
r

d
ex
tr
o
se
)/
co
n
tr
o
l
d
ie
t

(A
IN
9
3
)
w
it
h
o
u
t

b
lu
eb

er
ry

su
p
p
le
m
en

ta
ti
o
n
fo
r

6
w
ee
ks

(2
4
.0
6
�

5
.2

m
g
d
ay

–
1
)

M
ic
ro
b
io
m
e
sh
o
tg
u
n

se
q
u
en

ci
n
g

Si
g
n
ifi
ca
n
t
in
cr
ea
se

in
th
e
re
la
ti
ve

ab
u
n
d
an

ce
o
f
A
ct
in
o
m
yc
et
al
es
,
as

w
el
l
as

se
ve
ra
l
n
o
ve
l
g
en

er
a
u
n
d
er

th
e
fa
m
ily

B
ifi
d
o
b
ac
te
ri
ac
ea
e
an

d

C
o
ri
o
b
ac
te
ri
ac
ea
e,

an
d
a
si
g
n
ifi
ca
n
t

re
d
u
ct
io
n
in

th
e
re
la
ti
ve

ab
u
n
d
an

ce

o
f
La
ct
o
b
ac
ill
u
s
an

d
En

te
ro
co
cc
u
s

B
o
to
-O

rd
� o
~ n
ez
,

et
al
.
(2
0
1
4
)
(2
3
)

n
in
e
ad

u
lt
m
en

(4
5
–

5
0
ye
ar
s)
/f
re
sh

fa
ec
al

sa
m
p
le
s

In
vi
vo

(r
an

d
o
m
is
ed

cr
o
ss
-o
ve
r-

co
n
tr
o
lle
d
tr
ia
l

(t
h
re
e

co
n
se
cu
ti
ve

p
er
io
d
s
o
f

2
0
d
ay
s
ea
ch
)

R
an

d
o
m
is
ed

cr
o
ss
-o
ve
r-

co
n
tr
o
lle
d
tr
ia
l
(t
h
re
e

co
n
se
cu
ti
ve

p
er
io
d
s
o
f

2
0
d
ay
s
ea
ch
);
re
d
w
in
e

(R
W
)/
d
ea
lc
o
h
o
lis
ed

re
d

w
in
e
(d
-R
W
)/
g
in

9
.7
2
m
g
in

R
W

an
d

d
-R
W
/
g
in

[2
7
2
m
L

(2
6
.4
4
m
g

an
th
o
cy
an

in
)]

R
ea
l-
ti
m
e
q
u
an

ti
ta
ti
ve

PC
R

Si
g
n
ifi
ca
n
t
ch
an

g
e
in

b
ac
te
ri
a

sp
ec
ie
s
(B
ifi
d
o
b
ac
te
ri
u
m
,

En
te
ro
co
cc
u
s
an

d
Eg

g
er
th
el
la

le
n
ta
)

co
n
ce
n
tr
at
io
n
fo
llo
w
in
g
R
W

an
d
d
-

R
W

in
te
rv
en

ti
o
n
(P

<
0
.0
0
1
)

57ª 2018 The British Dietetic Association Ltd.

E. O. Igwe et al. Anthocyanin effect on microbiota: a review



All three in vitro studies utilised the FISH technique for

enumeration of bacterial populations.

Animal studies

Using six different berries (blackberry, blackcurrant,

black raspberry, blueberry, Concord grape and Maqui

berry) with structurally diverse anthocyanin profiles,

Overall et al. (29) supplemented the diets in a mouse

model of polygenic obesity. Anthocyanins from these

individual berries were normalised to 400 lg g–1 total

anthocyanins and supplemented with animal chow for

each berry category. Six-week-old mice were fed a low-

fat diet (LFD) or high-fat diet (HFD) for 6 weeks to ini-

tiate the development of obesity in the HFD animals.

Thereafter, the HFD animal group were randomised to

different berry supplemented diets for a further

12 weeks. Faecal samples were collected from the cages,

weighed and pooled at different time points (weeks 4, 8,

9 and 12) and analysed at the end of the study. Using

real-time qPCR, analysis of the bacterial phyla relative

abundance in the faecal samples showed that berry sup-

plementation with blackberry and black raspberry did

not change the gut microbial population shift observed

with either LFD or HFD. Supplementation with Concord

grape showed a significant increase in the Actinobacterial

populations from 2% to 8% compared to HFD controls,

which were similar in available energy (kcal g–1) but

without anthocyanin supplementation. Blueberry and

blackcurrant supplementation also showed a significant

increase in the populations of obligate anaerobes Bac-

teroidetes from 7% to 10–12% and Actinobacteria from

2% to 9–15%, which are some of the bacteria species

that are beneficial to humans. Translating the antho-

cyanin consumption in these animal studies to the

human context, it was suggested to be equivalent to

consuming 2.4 mg kg–1 day–1 or 145 mg day–1 of total

anthocyanins for an average adult (30), which could be

achieved by the daily consumption of one or two serv-

ings of fresh anthocyanin-rich berries (31).

Similarly, Lacombe et al. (32) examined the effect of

dietary supplementation of lowbush wild blueberries

(LWB) on the colonic microbial population of Sprague–
Dawley rats. Following control diets or LWB-supple-

mented diets for 6 weeks, analysis of the colon contents

of the rats using shotgun sequencing showed a signifi-

cant reduction in the relative abundance of the genera

Lactobacillus and Enterococcus associated with the berry

intervention. There was also a significant (P < 0.05)

two-fold increase in the relative abundance of Bifi-

dobacteriaceae and Coriobacteriaceae and the phylum to

which they belong, Actinobacteria, in the LWB-supple-

mented group.

Human clinical trials

A randomised cross-over clinical trial tested the associa-

tion between changes in faecal microbiota following wine

interventions. Nine male participants were randomised to

receive daily 275 mL of alcoholised red wine or dealco-

holised red wine or 100 mL of gin for 20 days. The usual

baseline dietary habits and pattern and lifestyle of partici-

pants were maintained, and additional alcoholic beverages

were avoided for the duration of the study. At baseline,

and following each intervention period, faecal samples

were collected from participants. No significant differ-

ences in daily energy and dietary intake were observed

between baseline and after each intervention. Quantifica-

tion of the microbial content of faecal samples was per-

formed using real-time qPCR. The results showed that, in

comparison to gin, both red wine and dealcoholised red

wine significantly (P = 0.001) increased the faecal concen-

tration of Bifidobacterium, Enterococcus and Eggerthella

lenta. Although the anthocyanin content of the red wine

intervention used was not measured beforehand, the

results showed that the lowest to the highest changes in

Bifidobacteria tertiles were associated with a higher excre-

tion of four phenolic metabolites related to anthocyanin

metabolism in participants (23).

Discussion

The findings from the present systematic review support

the hypothesis that the consumption of foods high in

anthocyanins promotes the proliferation of healthy anaer-

obic bacterial populations, at the same time as inhibiting

the pathogenic species. Specifically, the presence of antho-

cyanins significantly increased the microbial population

of Bifidobacterium spp. and Lactobacillus–Enterococcus
spp. This observation was consistent in the in vitro, ani-

mal and human studies (23,26,27,32). These Gram-positive

bacteria species have been shown to exert beneficial

effects in the treatment of diarrhoea and other specific

diseases, including inflammatory bowel disease, necrotis-

ing enterocolitis and colorectal cancer (33).

A number of factors, including diet, age and antibi-

otics, are important determinants of the gut microbiota

profile, and the influence of these factors continues to

change over the the lifetime (34). The most significant of

these factors is diet. In relation to anthocyanin consump-

tion, a diet rich in fruit and vegetables has been shown to

significantly alter the gut microbiota. Even though studies

have observed the absence of a significant increase in total

microbial population when samples were incubated with

anthocyanins, Zhang et al. (27) suggested that the absence

of this effect could be a result of the purple sweet potato

anthocyanins including anthocyanin monomers unable to
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affect the total bacterial population and also that these

purple sweet potato anthocyanins enhance inhibition and

proliferation of different species at similar rates. In addi-

tion, Flores et al. (28) attributed this to the amount of

anthocyanin used in their intervention study (20 mg L–1),

which could have been too low to exert any significant

changes. By contrast to these observations, with higher

concentration (200 mg L–1) of anthocyanins, Hidalgo

et al. (26) observed a significant (P < 0.05) proliferative

and inhibitive effect in microbiota population, which was

more evident in samples that were supplemented with a

mixture of anthocyanins, showing the synergistic effect of

anthocyanin subclasses. Another possibility is that the

observed simultaneous proliferative effect on the benefi-

cial bacteria and inhibitory effect on harmful bacteria by

anthocyanins could explain the absence of any significant

change in the total bacterial population because there is a

natural balance between beneficial and harmful bacteria

in the gut (35).

Even though observations in the in vitro models may

not be extrapolated to in vivo systems, comparison of the

composition and concentration of anthocyanins across

studies with a significant effect on gut microbiota showed

that lower concentrations with a variety of anthocyanins

(malvidin, delphinidin, petunidin, peonidin and cyanidin

glycosides) (26) had as much effect as a higher concentra-

tion with only one class of anthocyanins (cyanidin glyco-

sides) (27). Although anthocyanins were not the highest

concentration of flavonoids or polyphenols in wine (23), it

is important to note that anthocyanins, and not other

polyphenols, were associated with the increased level of

Bifidobacteria in faecal samples. This was a result of the

observed increase in microbial metabolites in urine pre-

sumably derived from anthocyanins. The anthocyanin

content of all interventions used in the included studies

was determined using high-performance liquid chro-

matography (HPLC) coupled to different detectors. HPLC

has been identified as the most reliable method of mea-

suring total anthocyanin content and individual antho-

cyanins in foods and biological matrices in comparison

with the colorimetric method that measures only total

anthocyanins (36).

With these observed beneficial effects, the exact mecha-

nism of action of anthocyanins in the gut remains

unclear, Overall et al. (29) observed an increased oxygen

tension in all gut compartments associated with high-fat

diets, which was attenuated by supplementing the diet

with berries and berry anthocyanins. As a result, they sug-

gested that anthocyanins may reduce oxygen tension in

the gut lumen and therefore promote the proliferation of

an oxygen-sensitive bacterial population. However, in the

small intestine, there exists high level of oxygen, which

limits bacterial growth, such that only fast growing,

facultative anaerobes with the ability to bind to epithelial/

mucus are assumed to survive (37). This highlights the

difference in microbiota composition along the lower

gastrointestinal tract and represents an important consid-

eration in sampling.

On the issue of sampling, all of the studies except one

that were included in this review utilised faecal samples

for the quantification of anthocyanin effects on gut

microbiota. In place of faecal samples, a rectal mucosal

biopsy has been proposed as a better alternative in gut

microbiota research in terms of assessment but not par-

ticipant burden (38). Durb�an et al. (39) performed a com-

parative study on the bacterial community composition

between faecal samples and rectal mucosal biopsies. Sam-

ples were collected from an unprepped healthy popula-

tion. Comparison of the two samples showed a significant

difference in the bacterial diversity between faecal and

rectal mucosal samples from the same participant.

Another study compared healthy subjects with IBS sub-

jects, observing that there was a reduction in bacterial

abundance and diversity in mucosal samples compared to

stool samples from the same participants (40). There is a

possibility that significant differences exist in the micro-

bial community across the six major subdivisions of the

human colon (caecum, ascending colon, transverse colon,

descending colon, sigmoid colon and rectum). However,

the degree to which composition and functions differ

remains unclear. Studying the microbial diversity of the

human colon, Eckburg et al. (10) observed significant

interindividual variability and differences between faecal

and mucosa community composition. This discrepancy

highlights the importance of sampling sites and raises the

suggestion that rectal mucosal biopsy samples are more

appropriate than faecal samples and should be used

instead or together with faecal samples (17). Regardless,

faecal samples are still the preferred over rectal mucosa

biopsy as a result of their ease of collection and being less

invasive.

Other important considerations in gut microbiota

research are the methods of determination and quantifi-

cation. Although bacterial culture, which was previously

the gold standard, is inexpensive, it produces a limited

representation of the gut microbiota diversity and results

in an undervaluation of real changes. Culture-indepen-

dent techniques have become popular and are now the

most commonly used techniques (41). Most of the differ-

ent culture-independent techniques are based on the anal-

ysis of the 16S rRNA gene. The 16S rRNA genes are

highly protected across bacterial species. They also have

distinctive characteristics that allow for the identification

of different species (17). The studies included in the pre-

sent review employed different techniques, including

FISH, qPCR and shotgun sequencing, in the
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determination and quantification of the gut microbiota.

These techniques have different pros and cons. A qPCR,

for example, although fast, is unable to identify unknown

species and has an amplification bias in that the primer

set used in multitemplate PCR is required to have a

shared sequence across the targets. As often is the case,

this shared sequence is absent in the targets. When a pri-

mer has one incongruity with some targets, the amplifica-

tion efficiency is significantly reduced and, as a result, a

large bias in the amplification will occur (42). Even though

the FISH technique has no PCR bias, it is dependent on

probe sequences, which mean that it is also unable to

identify unknown species. The shotgun sequencing on the

other hand, although more adequate than the aforemen-

tioned techniques, is expensive, and the analysis of data

involves complex software (17). The major limitation of

the PCR and FISH methods in comparison with the shot-

gun sequencing is their inability to identify unknown spe-

cies. This limitation does not appear to have affected the

study results because changes in bacteria species were

measured with already known species, hence addressing

this limitation. The availability of various methods

requires a decision regarding the suitability of a given

methodology in gut microbiota research. This decision

will be dependent on the depth of analysis. So far, the

shotgun sequencing techniques produce the most potent

data, including projections of microbiota function (17). A

comparative study of 16S amplicon and shotgun sequenc-

ing on water samples found that less than 50% of phyla

identified via 16S amplicon sequencing were recovered

from shotgun sequencing, at the same time as also identi-

fying approximately 27% more families (43).

A notable strength of this systematic review is the side-

by-side comparison of different methods of microbiota

determination, as well as effects of anthocyanins. To our

knowledge, at the time of writing this article, the present

systematic review appears to be the first to determine the

effect of anthocyanins on gut microbiota, as well as to

compare different methods of microbiota determination.

Another possible strength is the specific focus on antho-

cyanins and their effect on gut microbiota. The synergis-

tic effect of compounds in food (nutrients) presents some

difficulty with respect to clearly defining a causal associa-

tion in epidemiological research. Although nutrients are

not consumed in isolation, determining the specific

effects of particular nutrients is an important aspect of

nutrition research.

As an emerging area of research in the last decade, very

few in vitro and animal studies and even fewer clinical tri-

als have been carried out. Consequently, there are limita-

tions in the comparison of results and generalisation of

conclusions partly as a result of the diverse sources of

anthocyanins and methods of gut microbiota

determination and quantification, as well as the possibility

of synergistic effects of anthocyanins and/with other phy-

tochemicals and nutrients present in the food sources

resulting in the observed benefits. Another notable limita-

tion of this review is the different control diets/samples

used, which restricts generalisation of the results. How-

ever, being a limitation, it is important to note that these

controlled samples/diets all had the absence of antho-

cyanins in common, demonstrating the modulatory

effects of these natural plant pigments.

It is imperative to advance the understanding of the

direct or indirect beneficial effects of anthocyanins on

bacterial growth through research. It would also be note-

worthy to measure these observed effects concurrently

and identify further anthocyanin metabolites, as well as

other health effects (e.g. vascular function and cognition),

to further understand complex in vivo processes such as

the gut–brain axis relationship.

Conclusions

In conclusion, research on the gut (microbiota) as a

metabolic organ is still emerging and characterisation of

the bacteria species present in the gut is ongoing. The

results from the present review show beneficial effects,

such as a significant proliferative effect on Bifidobacterium

spp., known for their wide use in probiotics and for the

treatment of IBS, as well as inhibition of C. histolyticum,

which are pathogenic in humans. Research on the possi-

ble effect of anthocyanins on gut microbiota population

is still in its early stages, and conclusions and generalisa-

tions cannot be made because of the limited evidence

base and varied techniques employed in the studies, as

well as because of differences in anthocyanin sources,

composition, digestive stability, metabolism, and bio-

transformation of anthocyanins in either a food matrix or

isolated supplement. This also makes it difficult to under-

stand or determine the exact mechanism by which antho-

cyanins may exert these effects. Therefore, the complete

effect and exact mode action of anthocyanins on gut

microbiota population need much clarification, and this

might be achieved partly by conducting more well-

designed human clinical trials, reaching a consensus on

anthocyanin dose and form, as well as by a uniform

approach to control diets. Determination of key tech-

niques to measure (44) and confirm these findings is also

vital in this field.
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Abstract

Background: Many patients who undergo lower gastrointestinal surgery nei-

ther recommence feeding within timeframes outlined by evidence-based

guidelines, nor meet their nutrition requirements in hospital. Given that the

success of timely and adequate post-operative feeding is largely reliant on

patient adherence, the present study explored patients’ perceptions of

recommencing feeding after colorectal surgery to determine areas of

improvement to meet their needs and expectations.

Methods: This qualitative study involved one-on-one, semi-structured inter-

views with patients receiving care after colorectal surgery in an Australian

tertiary teaching hospital. Purposive sampling was used to ensure maximal

variation in age, sex, procedural type and post-operative nutrition care

experience. Interviews were audio recorded, with data transcribed verbatim

before being thematically analysed. Emergent themes and subthemes were

discussed by all investigators to ensure consensus of interpretation.

Results: Sixteen patients were interviewed (female 56%; age

61.5 � 12.3 years). Three overarching themes emerged from the data: (i)

patients make food-related decisions based on ideologies, experience and

trust; (ii) patients appreciate the opportunity to participate in their nutri-

tion care; and (iii) how dietary information is communicated influences

patients’ perceptions of and behaviours towards nutrition.

Conclusions: Enabling patients to select from a wide range of foods from post-

operative day 1 (by prescribing an unrestricted diet in line with evidence-based

practice guidelines) in conjunction with delivering clear, simple and encourag-

ing dietary-related information may facilitate patient participation in care and

increase oral intakes among patients who have undergone colorectal surgery.

Introduction

Over the past decade, the Enhanced Recovery After Sur-

gery (ERAS) society and the European Society for Clinical

Nutrition and Metabolism (ESPEN) have incorporated

post-operative feeding recommendations into evidence-

based guidelines for colorectal, rectal and pelvic patients
(1–3). These perioperative guidelines stipulate liquid and

solid feeding should recommence within 24 h after lower

gastrointestinal surgery. This recommendation is based

on the overwhelming evidence demonstrating that the

rapid reintroduction of nutrition following surgery is safe

and improves patient and healthcare outcomes (4–6). In

addition to timely feeding, adequate feeding, which is

where patients consume ≥75% of estimated energy and

protein requirements (7), is also important with respect to

reducing the length of stay and protein-energy malnutri-

tion (8). However, recent studies indicate that many post-

63ª 2018 The British Dietetic Association Ltd.

Journal of Human Nutrition and Dietetics

http://orcid.org/0000-0002-8124-1054
http://orcid.org/0000-0002-8124-1054
http://orcid.org/0000-0002-8124-1054
mailto:
https://doi.org/10.1111/jhn.12596


surgical patients, particularly patients who have had lower

gastrointestinal surgery, are not commencing feeding in

timeframes outlined by evidence-based guidelines (9,10)

and are not meeting their nutritional requirements in

hospital (8,10). Although a combination of professional,

organisational and patient-related factors has been shown

to contribute to these findings (10), the extent to which

barriers are present at the patient level remains unclear.

Current government and nongovernment bodies advo-

cate for a person-centred approach when delivering

healthcare (11–14). However, historically, patients have not

been involved in tailoring health care to meet their needs.

Indeed, only a few studies have reported nutrition care

from the surgical patients’ perspective, (15,16) and no stud-

ies have specifically or comprehensively explored this con-

cept among patients who undergo gastrointestinal surgery.

Given that the success of timely and adequate post-opera-

tive feeding is largely reliant on patient adherence, this is

an area that needs to be addressed. By exploring patients’

preferences, concerns and expectations, there is potential

to highlight barriers or areas of improvements, distinct

from those of clinicians and healthcare organisations,

which are required to translate evidence-based nutrition

care recommendations into clinical practice.

The aim of the present study was to explore patients’ per-

ceptions of and experiences with recommencing oral feed-

ing after colorectal surgery to provide an understanding of

the issues they face at this critical period in their recovery.

Findings generated from this study will contribute to our

understanding of patients’ preferences, concerns and expec-

tations regarding nutrition care following colorectal surgery;

an area that has received minimal attention to date.

Materials and methods

Study design and setting

The present study was situated in a naturalistic paradigm

using semi-structured interviews to explore patients’ expe-

riences with recommencing feeding after colorectal surgery

surgery (17). The study was conducted across one gastroin-

testinal surgical ward at a tertiary metropolitan teaching

hospital in Southeast Queensland, Australia. The relevant

hospital and University Human Research Ethics Commit-

tees (reference numbers: HREC/17/QGC/101 and GUREF/

2017/389) approved the study. The methodology of this

study was devised per the Consolidated Criteria for Report-

ing Qualitative Research (COREQ) (18).

Participants and recruitment

Patients were eligible to participate if they (i) were able to

provide written informed consent (aged ≥18 years, cogni-

tively intact, and able to communicate in English);

(ii) did not have an ‘absolute’ contraindication to oral or

enteral feeding after surgery (absence of functioning gut);

and (iii) were admitted for a lower gastrointestinal surgi-

cal procedure. Patients were excluded if they were criti-

cally ill, receiving palliative care or terminally ill.

Purposive sampling was used (19) to ensure maximal vari-

ation in age, sex and procedural type. Recruitment con-

tinued until data saturation (i.e. no new information was

identified) was reached, with initially 10 patients antici-

pated based on previous studies of a similar design (16,20).

With permission from their treating nurse, eligible

patients were approached by one of the study investiga-

tors (MR) and invited to participate. When possible, eli-

gible patients were interviewed on the day of their

discharge to capture a complete description of their hos-

pital stay experience. Each patient was provided with a

participant information sheet and informed written con-

sent was gained before data collection.

Data collection

Semi-structured interviews were conducted with all partici-

pants. The semi-structured interview guide (Table 1) was

developed based on a review of the literature and an audit

conducted at the study site. Questions within the guide

were then discussed among a reference group consisting of

clinicians and previous patients, resulting in the formation

of new questions and minor changes to wording. A conver-

sational style of interviewing was adopted with the semi-

structured interview guide and patient responses providing

direction for the interviewer. Probing and follow-up ques-

tions were asked and new questions formed when required

during the interviews. Each interview was conducted one-

on-one at the patient’s bedside, except one interview,

which was completed in the presence of the patient’s (P01)

daughter (>18 years of age). Consent was obtained from

this family member, although her contribution was mini-

mal. All interviews were audio recorded and lasted between

10 and 38 min. One of the study investigators trained in

interview techniques (MR) and, with a background in

dietetics, interviewed all participants between November

2017 and January 2018. The study investigator did not have

any prior conflict of interests with any participants. Demo-

graphic and perioperative dietary-related data were col-

lected from patients’ medical records.

Statistical analysis

Descriptive statistics were used to summarise participant

demographics. All interviews were transcribed verbatim

and any identifying information was removed. Interview

data were thematically analysed using Braun & Clarke’s

six-step guide (21) to identify emerging themes from
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within transcripts. Specifically, the lead investigator (MR)

read and reread transcripts for immersion in the data.

Key quotes were highlighted and codes were developed

based on participants’ verbatim statements. Codes were

grouped according to similarity into subthemes and then

themes based on common threads throughout the data.

An electronic audit trail was reviewed by a second investi-

gator (SR). Any disagreements or contested themes/sub-

themes were discussed between the two researchers until

consensus was reached.

Methodological rigour and trustworthiness were upheld

using several strategies. To help maintain credibility, con-

tact summary sheets were completed after each interview,

allowing the interviewer to reflect on the quality and con-

tent of interviews, as well as document their preconcep-

tions and ideas. Field notes were also recorded to

substantiate observations, which captured nonverbal com-

munication and interactions allowing the researchers to

contextualise the data. Trustworthiness of data was

enhanced through frequent discussions among the research

team to ensure codes, subthemes and themes accurately

and sufficiently described and encompassed the data.

Results

Nineteen patients were approached, informed of the study

protocol and asked to participate; of these, sixteen (84%)

provided their consent and were subsequently

interviewed. Reasons for not participating included: disin-

terest in nutrition (n = 1), feeling unwell (n = 1) and

self-perceived concerns over not being able to sufficiently

contribute (n = 1). Participant demographic characteris-

tics are outlined in Table 2. The majority of the partici-

pants were of Australian descent (n = 13; 81%) and

underwent an elective colorectal procedure (n = 15;

94%). Approximately half of the participants were female

(n = 9; 56%) and had a mean (SD) age of 61.5

(12.3) years (range 36–79 years). Only one participant

(P13) was seen by a dietitian during the current admis-

sion. Participant responses formed three themes and vari-

ous subthemes that are depicted in Table 3 and described

in detail below.

Patients make food-related decisions based on ideologies,

experience and trust

Patients report making food-related decisions after sur-

gery in consideration of several factors, including trust

placed in treating team and organisation, perceptions of

nutrition, usual food habits, nutrition impacting symp-

toms and positive and negative food associations. These

reasons, however, differ somewhat with regard to making

food-related decisions about the first liquid/solid meal

had after surgery (initial meal) and all subsequent meals

in hospital.

Initial food-related decisions

Most patients were prescribed liquids within 24 h after

surgery (Table 2). Although the majority of patients sta-

ted they were ready to start liquids, many described how

they could have gone without their first meal and were

simply not interested in eating much because of feeling

‘uncomfortable’ or ‘nauseous’. Despite this, many patients

stated they commenced feeding because they knew they

‘should try’ and perceived this to be a step in the right

direction. This appeared to largely be driven by patients’

perceptions of nutrition and the trust they placed in their

treating team. For example, some patients were intrinsi-

cally motivated: ‘I had been fasting for, however, long

before I went into surgery – common sense tells me when

I’m coming out of surgery that I need to have that

whether I physically want it or not, my brain tells me,

“you need to have this” . . . and the jelly I wanted . . . I

needed’ (P16), whereas others were extrinsically moti-

vated and trusted their treating team: ‘I wasn’t hungry.

But anything that comes out, I would try because if it is

given to the patient it must be good. So I tried’ (P02).

Further, patients who commenced liquids the morning

after surgery (post-operative day 1; POD1), in general,

appeared more ready than patients who commenced liq-

uids the night of surgery. Indeed, some patients who

commenced feeding the night of surgery described being

more ready to take fluids the following day, yet, they

Table 1 Semi-structured interview guide

What was your experience with recommencing feeding after surgery?

When you were first allowed to eat, what type of foods were you

allowed?

Did you feel that the staff asked you enough questions about your

symptoms after surgery?

Do you feel that your symptoms were managed well and actioned in

a timely manner?

Do you feel you were involved decisions of when to recommence

eating after surgery?

When you were allowed to recommence feeding after surgery, were

you ready?

When you were allowed to recommence feeding after surgery, were

you confident?

When you were allowed to recommence feeding after surgery, were

you motivated?

What did you like or dislike about the foods you were given?

What types of foods would you have preferred?

Do you think nutrition is important after surgery?

Why didn’t you consume more of your meals?

Do you think post-operative feeding practices could be improved in

this hospital?

Do you have any concluding remarks?
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appreciated that they were given the option to have fluids

the night of surgery: ‘I remember my husband giving me,

probably, two spoonfuls of jelly [the night of

surgery] . . . I didn’t feel hungry whatsoever . . . but I

tried . . . I’m happy that they tried . . . I felt confident

that . . . [it] was the right step even though I didn’t have

much . . . but . . . the next morning I was feeling a lot

better and a lot more confident sort of to be able to eat’

(P09).

By contrast to the provision of fluids, patients were

prescribed solids at different times during their post-

operative course (Table 2). Participant responses regard-

ing their readiness to start solid food were also mixed.

Several patients who were prescribed solids on POD2,

POD3 or POD4 expressed being ‘ready’ to recommence

solids earlier then what they were otherwise prescribed:

‘you really can’t complain if you know that is what you

are on after a bowel operation, but I was hungry, and I

did get light headed, and I was really looking forward to

real food’ (P08). By contrast, two patients (P01 and P11)

who were prescribed solids ≥POD3 suffered from post-

operative nausea and vomiting for a large majority of

their stay and stated that they were not ready to com-

mence solids: ‘I think nutrition is extremely impor-

tant . . . but not for the first 3 days after surgery. You’re

interested in not throwing up . . . getting your pain levels

down and looking for progress . . . your body’s telling

you “I don’t want any food, I just want to be left alone

and let my organs settle down after this major surgery”’

[P11]. Interestingly, the prescription of food appeared to

be an important external cue for patients to commence

solids. For example, the three patients who were pre-

scribed solids the morning of POD1 were surprised to

have been allowed solids; however, because their treating

team prescribed it, they considered that they were ‘ready’

to start eating.

Subsequent food-related decisions

Patients’ usual food habits were a preeminent factor

which influenced subsequent food-choice selections.

Many patients spoke about selecting foods that would

they normally eat at home: ‘the little pots of fruit have

gone down well with me, but I have fruit and something

for breakfast anyhow so I just revert to what I eat at

home’ (P16). This resulted in patients often describing a

preference for common foods such as cereal, fruit, vegeta-

bles and tea or coffee as post-operative options. It

appeared that patients associated eating foods that they

would usually have at home with ‘getting back to nor-

mal’. Patients often spoke about selecting their ‘usual

foods’ around POD2 or POD3. For most, this coincided

with when they were prescribed a ‘full diet’ and thus had

Table 2 Demographic and surgical data of participants

Participant* Age Sex Surgical procedure†,‡,§
Day of

interview¶

First diet

prescription**

First solid diet

prescription††
Diet type

progression

P01ᵃ 75 M Left hemicolectomy D7g D0 D4j CF-FF-Soft-Full

P02ᵇ 66 M Right hemicolectomy D5g D0 D2 CF-FF-Full

P03 58 F High anterior resection D6 D3 D5 CF-Full

P04 69 M High anterior resectiond D5g D0 D2 CF-FF-Full

P05 40 F Ileo-colic resectiond,ᵉ D6g D1 D4j CF-FF-Soft-Full

P06 59 M High anterior resection D5g D1 D2 FF-Full

P07 61 F Reversal of loop ileostomyd D4 D0 D2 CF-FF-Full

P08 77 F High anterior resection D3 D0 D2 CF-FF-Full

P09 36 F Reversal of loop ileostomyd D3 D0 D2 CF-FF-Full

P10 64 M High anterior resection D5 D1h D1 Full

P11 54 M Right hemicolectomy D5 D0 D3 CF-FF-CF-FF-Full

P12ᶜ 74 F Ultra-low anterior resectionf D5g D0 D2j CF-Soft-Full

P13 79 F Low anterior resection D5g D1i D3 FF-Full

P14 59 M High anterior resection D5 D0 D4 CF-FF-Full

P15 52 F Right hemicolectomy D3 D0i D1 FF-Full

P16 61 F Right hemicolectomy D3g D0i D1 FF-Full

CF, clear fluids; D, Post-operative day; F, female; FF, free fluids; M, male.

*Of Australian decent unless otherwise specified (aSpanish, ᵇJapanese, ᶜAmerican).
†Laparoscopic procure unless specified otherwise (ᵈopen).
‡Elective procedure unless otherwise specified (eemergent).
§With anastomosis unless otherwise specified (ᶠloop ileostomy).
¶Day of discharge unless otherwise specified (gwere an inpatient for an additional 1–2 days).

**Clear fluid diet unless otherwise specified (hfull diet, ifree fluids).
††

Full diet unless otherwise specified (jsoft diet).
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access to a wider variety of foods. However, several fac-

tors appeared to influence when patients were ready to

revert to their usual food habits, including the presence

of nutrition impacting symptoms and their ideologies

and fears around reintroducing certain foods.

Patients experiencing nausea or diarrhoea were more

concerned with making dietary decisions to help manage

their symptoms rather than selecting foods they would

normally eat. For some patients, this meant selecting

items that they thought they could ‘stomach’ rather than

enjoy, while for others it meant avoiding foods altogether.

Patients who experienced ongoing nausea appeared par-

ticularly hesitant to select meats and hot meal options,

often describing the smell and mouthfeel of these prod-

ucts as off-putting. ‘On Saturday [POD3] I still had big

trouble eating some of the food . . . [so] I decided to just

go with safety. I looked up the menu and looked for stuff

that I thought I could stomach and there wasn’t

much . . . the food was too greasy looking. One of the

meals that they brought up it was a lamb or something,

and it looked revolting – it smelt horrible . . . I’m not

usually a fan of veggies – I am a carnivore. But I found

that easier to stomach’ (P10). Also, some participants

held certain beliefs or fears towards certain foods: ‘ [I

choose] as best I could . . . just soft food . . . because I

am imagining quite big cuts in my tummy’ (P15). The

avoidance of meats and a preference for softer options

(e.g. mashed vegetables) appeared to be a common

response to these fears. Patients’ ideologies around appro-

priate nutrition were also influenced by the dietary infor-

mation delivered by their treating team (discussed in

theme 3).

Lastly, several patients spoke about their previous diet-

ary intake experiences associated with illness and how this

influenced their food-choice decisions or preferences. One

participant described examples of how her former hospi-

talisation impacted on her food preferences and decisions

during the current admission: ‘my hubby went and got

me some hot chips – they were good [laughs]. I had

them after my last surgery as soon as I could go onto,

like, proper foods. Yeah, they were awesome, like, nice

and salty and I didn’t feel as though they could clog me

up’ (P09) and ‘after surgery . . . they gave me the usual

jelly and broth which when I first had my stoma that was

the diet for like 4 days . . . so I wasn’t all that enthused

to be back on it . . . I actually kind of felt a bit sick, like,

trying to eat’ (P09). Participants commonly described

wanting or enjoying foods they either craved or provided

them with comfort during times of illness: ‘I have Power-

ade at home and all through this procedure . . . all these

things that have happened, I have been drinking Power-

ade, and that is one of the few things I can get a little bit

of comfort from – it makes me spark up’ (P13) and ‘ [I

craved] chicken nuggets . . . I kind of crave chicken nug-

gets anyway if I’m not feeling great’ (P05).

Despite differences in reasoning, many patients

described liking, avoiding and preferring similar foods

during their post-operative course in hospital. The major-

ity of patients described preferring soft, moist and plain

dietary items over sweet, chewy and overly flavorsome

foods. This often manifested in patients stating that they

‘liked’ or ‘would have preferred’ dietary items such as

bread, sandwiches, custard, mashed vegetables (e.g. potato

and pumpkin), stewed fruit and eggs over options such

as curries, stews, roast meat, jelly, apple juice and beef

broth.

Patients appreciate the opportunity to participate in

their nutrition care

Patients who felt involved or were given a chance to be

involved in their nutrition care decisions, in general,

expressed positive attitudes towards their post-operative

course. Although all patients disclosed that they were not

directly involved in decisions regarding their dietary pre-

scription, patients considered that participation was facili-

tated through self-selecting meal choices and doctors

acknowledging their contribution during ward rounds.

Patients who were able to self-select their meals (enabled

via surgeons prescribing unrestricted diets and awareness

of meal ordering system) felt empowered and involved in

their care. The three patients who were prescribed an unre-

stricted diet (i.e. a ‘full’ diet) on POD1 all felt that they had

participated in their nutrition care as decisions regarding

what foods (e.g. solid versus liquid or hard versus soft

Table 3 Themes and subthemes

Themes Subthemes

(1) Patients make food-related

decisions based on ideologies,

experience, and trust

(a) Perceptions of nutrition

(b) Positive and negative food

associations

(c) Nutrition impacting

symptoms

(d) Usual food habits

(e) Trust placed in treating

team and organisation

(2) Patients appreciate the

opportunity to participate in

their nutrition care

(a) Self-selecting meal choices

(b) Acknowledging the patient’s

contribution

(c) Active versus passive

involvement in dietary

decisions

(3) How dietary information is

communicated influences patients’

perceptions of and behaviours

towards nutrition

(a) Explaining dietary

prescription rationales

(b) Delivering simple and clear

nutrition-related messages

67ª 2018 The British Dietetic Association Ltd.

M. Rattray et al. Patients’ experiences with feeding after surgery



dietary options) they wanted ‘was totally left up to’ them.

Indeed, dietary choice appeared to be a common demon-

stration of participation regardless of patients’ dietary pre-

scriptions. At the hospital, an electronic meal ordering

system was in place, whereby patients could select meal

items from their bedside computer. Patients who were

aware of this system often described how they participated

in their care because they were able to choose the foods

they ‘liked’ and ‘could manage’ from the menu. Further-

more, patients who were not aware of this function before

the interview often highlighted this as an area for improve-

ment and considered that they might have eaten more of

their meals if they were able to select dietary items that they

preferred. Of note, this appeared to be an essential factor

among patients who were on fluid diets for >2 days (as a

result of the repetitive nature of the standard clear and free

fluid diets) or were avoiding certain foods because of

symptoms, food intolerances or fears (described in

theme 1).

Some patients felt they participated in their care by

answering questions around their symptoms, such as nau-

sea, hunger and abdominal pain, and clarifying informa-

tion with their treating team during ward wards. These

patients felt involved because they considered that the

information exchanged helped their treating team make

informed decisions based on their symptoms. By contrast,

participation appeared hindered when patients felt they

could not understand information regarding their care or

were ignored during ward rounds: ‘sometimes . . . I

would say something to them [the doctors], and they

weren’t really listening . . . I was trying to tell them some-

thing this morning . . . and [they] just turned away and

started talking to the other doctors’ (P04).

Despite valuing participation, the degree to which

patients expressed a desire to actively partake in decisions

regarding their dietary status varied. The majority of

patients viewed doctors as holding expert knowledge and

thus were happy, in most instances, to be guided by their

decisions, despite some feeling ready to progress their

diet: ‘I was over the broth and jelly but . . . I don’t have a

degree to say . . . “Yes, I’m ready for the next step”.

They’re professionals. I’d rather them sort of tell me what

to do’ (P09). By contrast, some patients expressed a

desire to be more involved in their nutritional care deci-

sions, discussing their ability to offer unique insight into

what would be the best course of action for their body.

This appeared particularly evident among patients who

were suffering from symptoms such as nausea or diar-

rhoea. One patient who had not been medically diag-

nosed with lactose intolerance stated: ‘maybe they just

need to listen when someone knows that something

affects them even if it’s not medically diagnosed and work

with them’ (P07).

How dietary information is communicated influences

patients’ perceptions of and behaviours towards

nutrition

Effective communication of nutrition care information,

such as delivering nutrition-related messages and explain-

ing dietary changes, was seen as an important part of the

post-operative experience for some patients. It appeared

that clear and simple dietary-related messages delivered by

doctors were appreciated by patients and heavily shaped

their behaviour and attitudes towards nutrition. Two of the

patients who were prescribed solids on POD1 spoke of

their surgeon telling them to ‘just graze’ on foods through-

out the day and how this was a simple message that they

endeavored to achieve daily. By contrast, the third patient

prescribed solids on POD1 recalled receiving a somewhat

contradictory message that negatively impacted on her

food intake: ‘it was a little bit scary because up there [on

the whiteboard] it said ‘full diet’ . . . Then the surgical

team came round and said, ‘I just want you to have liquidly

food’, but there was no liquidly food to choose – just soup.

So what I did is I just ordered roast pumpkin and stuff and

just mashed it up – sort of like baby food’ (P15). However,

what did appear evident is that when dietary intake was

generally discussed or encouraged during ward rounds,

patients perceived nutrition as important and generally

endeavored to carry out the recommendation suggested by

their surgeon: ‘I didn’t want to eat . . . I would have been

happy not to eat for a longer period. But, as I’ve said, the

only reason I really ate was because . . . the doctors told me

to’ (P10).

Approximately two-thirds of the patients were not

given an explanation by their treating team as to why

their diet was downgraded or upgraded. Patient responses

varied regarding not having received this information.

Some patients did not think it was necessary to be told

why they were on specific diets as it was intuitive: ‘I

don’t think it was explained and I didn’t think it needed

to be explained. They cut half my stomach out, so I fig-

ured that it was common sense not to have harsh things

in there’ (P16). Others perceived that if this information

was not conveyed, then it must have been unnecessary

for them to know. However, what did appear consistent

was that when patients recalled having their diet

upgraded, they perceived that it was a positive sign as

they were progressing: ‘they ended up writing up there

“FLUD” [on the whiteboard] . . . I was thinking FLUD,

“wooo, one step closer” [laughs]. I didn’t know what that

meant – FLUD, but, you know, I thought it sounded bet-

ter than broth and jelly’ (P09). (NB: FLUD is the diet

code for a free fluid diet at the hospital). When patients

were asked if they would have liked to have received an

explanation, many said ‘yes’ but only if the information
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could be explained simply, articulating that at times

understanding doctor’s dialogue can be challenging: ‘I

don’t know whether it can be explained simply or not,

like some things when they try to explain them they talk

in how they understand it, like doctors talk doctor talk. . .

But if there was a simple way of explaining it then yes’

(P07).

Discussion

The present study explored patients’ perceptions of and

experiences with recommencing feeding after colorectal

surgery. Findings generated from this study offer infor-

mation necessary to inform intervention strategies to

improve post-operative nutrition care among this patient

group in line with their needs and expectations.

The reasoning behind why patients enjoyed, avoided or

preferred certain foods when in hospital varied from

patient-to-patient and decisions were made in considera-

tion of several factors. Many patients selected dietary items

that they would normally eat at home, associating this

with ‘getting back to normal’, and potentially using food

as a means of structure when in hospital, which is a find-

ing supported by a previous study (16). However, patients

who experienced severe symptoms, or had particular ide-

ologies around appropriate nutrition, selected foods that

they could ‘stomach’, or thought were ‘suitable’, over what

they would usually eat at home. Previous studies have

reported similar findings, outlining food preferences in

hospital can be influenced by patients’ pain and nausea

ratings (22,23). However, despite differences in food-choice

rationales, many patients described preferring plain foods

(e.g. bread, sandwiches, custard, mashed potato and

pumpkin, stewed fruit and eggs) and avoiding more fla-

vorsome foods (e.g. curries, stews, roast meat, jelly, apple

juice and beef broth). This high preference for soft, moist

and plain dietary items and low preference for sweet,

chewy and overly flavorsome foods has been reported in

other studies conducted among post-surgical patients (22–

24). This information may help inform intervention strate-

gies at the foodservice level, given that some of these foods

are not typically offered on the ‘regular’ diet, and assist

clinicians in making dietary recommendations among

post-operative patients. Furthermore, considering that

patients are particular about what they eat after surgery, it

is important they are aware of their dietary options and

are informed about the process of how to order meals.

This may increase oral intakes because patients can select

the foods they prefer, and could potentially improve

patient satisfaction considering selecting foods from the

hospital’s menu was identified as a means of patients par-

ticipating in their care, which is a factor shown to enhance

self-efficacy and satisfaction (15,25).

Many patients were ready for liquids at the time they

were prescribed by their treating team, which was within

24 hr for most patients. However, there were mixed

responses around when patients were ready to commence

solids (range POD1 to POD5). Several patients indicated

that they were willing to try solids earlier than they were

prescribed, whereas others stated they could have

remained exclusively on liquids for a longer duration

after surgery. These findings indicate that: (i) a combina-

tion of liquid and solid foods are preferred early in the

post-operative period, which is congruent with findings

reported from a survey conducted among patients who

had undergone colorectal surgery (n = 145) (22), and (ii)

a ‘paternalistic model’ of care prevails (26), whereby

patients are not actively involved in decisions around

their dietary status. The ‘deliberative model’, which pro-

motes shared decision-making and is the preferred health-

care model, involves clinicians helping patients to identify

pertinent health values and together, choosing the medi-

cal option that best aligns with the patients’ personal con-

text (26). Sharing power and allowing patients more

control over their healthcare enhances patient autonomy
(15,27). In the context of post-operative nutrition care, this

could be achieved through surgeons prescribing an unre-

stricted diet from POD1 and guiding patients to the best

option given their personal situation and needs. Indeed,

enabling patients to self-select liquids or solid foods has

been shown to lead to the return to a normal diet within

2 days after surgery, which is associated with a range of

potential benefits (28,29) and is likely to enhance patient

participation in care. As such, strategies to support clini-

cians in enacting a more person-centred approach to care

are needed to improve patient and healthcare outcomes

among patients who undergo gastrointestinal surgery.

Effective communicative behaviours (e.g. expressing

empathy, conveying information simply and involving the

patient) are essential for well-developed patient–clinician
relationships, which have been shown to improve

compliance and health outcomes among patients (30). In

the present study, several patients expressed difficulty

understanding information regarding their care or were

ignored during ward rounds, which negatively impacted on

their post-operative experience, as well as potentially hin-

dered their desire to participate in shared decision-making.

Contrastingly, patients who had their questions answered

and were able to clarify information with their treating

team felt involved and expressed greater satisfaction

towards their care. These findings suggest that efforts made

to involve patients in their care through asking them about

specific concerns and conveying information in a simple

form may help to overcome patient passivity and the power

imbalance, which is supported by previous work (31). Fur-

thermore, direct associations have been found between
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interpersonal trust, established through effective clinician–
patient communication, and a higher desire for shared

decision-making, medical acceptance and treatment

adherence (32). Hence, adopting such communicative

behaviours is paramount to accomplish shared decision-

making, which is of importance for patients recommenc-

ing feeding after surgery. Lastly, how dietary information

was communicated by doctors appeared important in

shaping patients’ food-related behaviours. For example,

some patients suggested that they ate more than they

otherwise would have because their doctors delivered

clear and simple dietary-related messages and provided

verbal encouragement to eat more during daily ward

rounds. Collectively, these findings suggest that engaging

patients in treatment decision-making and providing

simple, clear and encouraging dietary-related information

may enhance oral intakes and effectively engage patients

in their post-operative nutrition care.

A clear limitation of the present study is that the gen-

eralisability of the findings may be limited to the partici-

pants and setting studied. Although maximum variation

purposive sampling was used to obtain perspectives from

a variety of demographic backgrounds, and interviews

continued until data saturation was reached, it is possible

that some views are not represented in our sample.

Conclusions

The present study has highlighted several important factors

that should be considered by clinicians and organisations

when attempting to improve post-operative nutrition care.

These include giving patients greater autonomy over the

foods that they select after surgery (enabled by prescribing

unrestricted diets from POD1 and giving patients knowl-

edge of dietary choices), engaging patients in treatment

decision-making, and providing simple, clear and encour-

aging nutrition information. These strategies may improve

post-operative patients’ oral intakes and participation in

care.
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Abstract

Background: Coeliac disease is an autoimmune disorder triggered by the

ingestion of gluten. In recent years, there has been considerable increase in

the availability of gluten-free products in North America. The present study

investigated how the recent proliferation of the gluten-free industry has

affected individuals living with coeliac disease, with a primary focus on their

social lives and relationships.

Methods: Interpretive phenomenology was utilised for study design and

analysis. Semi-structured interviews were conducted with 17 adults diag-

nosed with coeliac disease in Calgary, Alberta. Interviews were audio

recorded and then transcribed for analysis.

Results: People living with coeliac disease experience the growth of the

gluten-free industry as a ‘double-edged sword’. Although they are grateful

for more palatable gluten-free options, they are increasingly faced with

misunderstandings about the severity of coeliac disease as a result of many

noncoeliac disease individuals subscribing to the gluten-free diet. This

‘double-edged sword’ made certain types of social situations more easily

manageable (e.g. more gluten-free options available at restaurants),

whereas others produced distress (e.g. increased risk of inadvertently con-

suming gluten). Participants also felt they may be perceived or even per-

ceived themselves differently (e.g. felt high maintenance). To help mitigate

these social ramifications of following the gluten-free diet, participants uti-

lised various strategies.

Conclusions: The sole medical recommendation of a gluten-free diet fails to

acknowledge the ongoing difficulties those with coeliac disease can endure

in the current gluten-free landscape. Recommendations beyond the gluten-

free diet are advisable to alleviate many of the indirect burdens revealed in

the present study.

Introduction

Coeliac disease, an autoimmune disorder resulting in

intestinal damage from gluten ingestion, is estimated to

affect approximately 1% of the North American popula-

tion (1,2). Treatment involves strict adherence to a gluten-

free diet, with even a small amount of gluten (i.e. 50 mg)

potentially provoking an autoimmune reaction (3). Recently,

individuals without coeliac disease are increasingly follow-

ing a gluten-free diet in the USA(4). Popular nutritional

books and celebrities posit that a gluten-free diet will

solve contemporary health problems such as obesity, dia-

betes, high blood pressure and even help prevent illnesses

such as dementia and attention deficit hyperactivity disor-

der (5–7). The perception of a gluten-free diet as healthy is

marked in American adult populations despite a lack of
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evidential benefits for those without gluten-related disor-

ders (8).

People living with coeliac disease often experience a lower

quality of life compared to the general population (9–13).

Several studies have explored the lived experience of coeliac

disease, particularly with respect to how the condition and

the gluten-free diet affect relationships and social life. Sur-

veys administered to the members of the Canadian Celiac

Association addressed common difficulties experienced by

individuals with coeliac disease (14). Social-specific concerns

included limited choices in restaurants/cafeterias, not liking

others feeling sorry for them, and worrying that chefs had

inadequate training when preparing gluten-free meals,

whereas frustration and isolation were the most common

negative emotions experienced after more than 5 years

since diagnosis (14).

Qualitative research has revealed similar results (15–17).

Following a strict gluten-free diet can lead those with coe-

liac disease to become ‘controlled by food’ in social set-

tings through isolation, shame, fear (of gluten exposure/

appearing bothersome), being neglected/forgotten and

even not disclosing the disease to others by continuing to

eat gluten-containing food (15). People living with coeliac

disease may feel stigmatised through an invisible problem

made visible and being the centre of attention (16) and

undergo a changed identity as a result of no longer enjoy-

ing food in the same way or feeling anxious about being

perceived as a bother, rude, or picky (17).

Considering the psychosocial experiences of those living

with coeliac disease in conjunction with a dietary shift

among the general population provides a unique research

opportunity. It is important to explore if and how this

dietary phenomenon has influenced the lived experience

of coeliac disease. Furthermore, Canadian qualitative

research on coeliac disease is lacking. Accordingly, the

present study aimed to determine how the current glu-

ten-free landscape has affected the lived experience of

coeliac disease and what role this has played in their rela-

tionships and social lives.

Materials and methods

Participants were recruited with purposive sampling

through advertisements at a gluten-free grocery store in

Calgary, Alberta, Canada. All recruitment materials

included the following information about the study: par-

ticipants must have been diagnosed with coeliac disease

and be at least 18 years of age, the interview would last

from 45 to 60 min, and the interview would cover topics

about life before and after diagnosis. The diagnosis of

coeliac disease was self-reported. Interviews were per-

formed at various locations, including the University of

Calgary campus and caf�es around the city of Calgary.

With the permission of participants, all interviews were

recorded and transcribed for analysis. All participants

completed informed consent forms prior to the interviews

and pseudonyms were assigned to ensure anonymity. The

study was approved by the Conjoint Faculties Research

Ethics Board at the University of Calgary.

This research aimed to achieve a deep understanding of

the subjective experience of an illness; therefore, we used

interpretive phenomenology as a guiding framework. This

phenomenological approach aims to reduce potential bias

by identifying prior experiences or understandings that

might adversely affect study design and analysis (18). How-

ever, it is also acknowledged that researchers are not able

to completely eradicate their prior understandings about a

phenomenon (19). Rather, using prior knowledge and

experience can act as a useful guide in research by fusing

meanings of both the participant and researcher (19).

Because the first author has coeliac disease, they were con-

tinually acknowledging and, if appropriate, questioning

past experiences and current understandings of coeliac

disease throughout all phases of the study. In the context

of this study, this perspective was useful in conducting

and analysing the interviews. Because the first author had

a strong sense of ‘being-in-the-world’ of the participants,

they could apply this understanding to help interpretation
(20). In other words, as the participants shared their feel-

ings and experiences or used terminology specifically rele-

vant to coeliac disease, the first author was able to

establish a rapport with participants during the interviews

and interpret the transcripts on a level that might not

otherwise be possible without having the condition.

With a complementary dialogue between researcher

and participant, the true meaning of an experience can be

identified (20,21). In previous phenomenological studies,

this has involved participants being considered as ‘co-

researchers’ given their extensive knowledge about their

own experiences (22). Therefore, participants with coeliac

disease in the present study were considered as such and

so the exchange of thoughts and ideas in the interviews

ultimately produced the themes explored.

Transcribed texts were imported into NVIVO (QSR Inter-

national, Melbourne, VIC, Australia), where interpretive

phenomenological analysis was performed to capture par-

ticipant meaning. Interviews were reviewed individually

to gain an initial sense of the data more generally before

generating high-level themes from just one transcript. In

this process, the first author categorised excerpts from the

transcript into preliminary theme headings. Once all of

the transcripts had been reviewed in this manner, connec-

tions between themes were ascertained through elevating

preliminary basic themes to more abstract concepts. This

procedure can be likened to a magnet, with some themes

forming smaller clusters and others appearing as

73ª 2018 The British Dietetic Association Ltd.

J. A. King et al. Coeliac disease in a changing gluten-free landscape



‘superordinate concepts’ (23). Therefore, because the first

author had already developed a rudimentary understand-

ing of parallels and discrepancies in the data from the

first phase of transcript analysis, clustered themes became

more easily apparent through the second read-through.

Excerpts from the transcripts that were applicable to

emerging themes were categorised into nodes. This phase

involved continually cross-referencing clustered themes to

the original text as a means of continual reflection with

respect to the first author’s prior experiences and under-

standings of coeliac disease.

A visual representation of themes (Figure 1) was then

produced to represent all the clustered themes in an

appropriate and logical structure. Themes that did not

logically flow within the structure of the map or had a

lack of strong evidence across transcripts were excluded.

Three superordinate themes characterised the interviews

in the context of relationships and social life: (i) fluctuat-

ing social climates; (ii) altered self-image; and (iii) psy-

chosocial perseverance (Table 1). Table 2 shows the

frequency with which the themes arose by participant.

Themes are not selected purely on the number of times

they appear within each transcript (23). Therefore, Table 2

represents how often a theme arose between transcripts.

Peer debriefing involved the evaluation of data by a co-

author (JG) to ensure trustworthiness in the interpreta-

tion and development of themes.

Results

Seventeen participants were interviewed (Table 3). At the

time of the interview, all of the participants reported

strict adherence to the gluten-free diet (a small portion of

participants spent a period of time after diagnosis not

adhering to the gluten-free diet and/or shared a handful

of occasions where they intentionally consumed gluten).

“Double-edged sword”

Prolifera�on of the 
gluten-free industry

Gluten-free 
goldmine 

Gluten-free as a 
“fad”

Altered 
self-image

Fluctua�ng social 
climates

Psychosocial 
perseverance

Figure 1 Consequences of the rise of the gluten-free industry for individuals with coeliac disease.

Table 1 Three superordinate themes

Fluctuating social

climates

How coeliac disease is now experienced can be

both positive and negative in different social

settings due to the treatment of a strict gluten-

free diet

Altered self-image How those with coeliac disease are now seen

negatively or see themselves negatively due to

the treatment of a strict gluten-free diet in

social situations

Psychosocial

perseverance

How those with coeliac disease respond to the

negative social consequences of the gluten-free

industry growth with mitigation strategies

Table 2 Frequency of themes

Theme

Number (%)

of participants

Fluctuating social climates 16 (94.1%)

Easier to develop and maintain relationships/

fulfilling social life (in certain settings)

12 (70.6%)

Difficult to develop and maintain relationships/

fulfilling social life (in certain settings)

16 (94.1%)

Altered self-image 13 (76.5%)

Being perceived as high maintenance, rude,

difficult, etc.

8 (47.1%)

Internally feeling high maintenance, rude, difficult,

etc.

9 (52.9%)

Psychosocial perseverance 13 (76.5%)

Acceptance of the condition and how it will

change their lives

9 (52.9%)

Strategies to mitigate effects the gluten-free

diet has on relationships/social life

12 (70.6%)
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The gluten-free landscape shift demonstrated a substan-

tial impact on the lives of those with coeliac disease, with

the overarching theme of a ‘double-edged sword’ emerg-

ing (Figure 1). This refers to a direct quote from a partic-

ipant aptly summarising how the proliferation of the

gluten-free industry has had both positive and negative

effects on the experience of coeliac disease. Participants

now have greater access to palatable gluten-free food

options, which has made managing several elements of

the condition easier. However, the double-edged nature

of this phenomenon was felt by participants in that the

gluten-free diet has become popularised into a ‘fad’ or

‘trend’. This led to frequent misunderstandings about

coeliac disease. Participants expressed concern that

increased consumption of gluten-free products by people

who do not have coeliac disease contributes to a poor

appreciation for the severity of the condition, particularly

in relation to the dangers of cross-contamination and

hidden gluten. Table 4 includes participant quotes that

illustrate these themes.

Fluctuating social climates

With the rise of the gluten-free industry, participants

noted an increase in the general awareness of coeliac dis-

ease. In certain contexts, this led to a more sophisticated

understanding of what it meant to have coeliac disease,

therefore making it easier to develop and maintain rela-

tionships through a fulfilling social life. Prior to wide-

spread awareness around the words ‘gluten’ and ‘coeliac’,

there was potential for relationships to suffer because of

having coeliac disease. An inability to recognise the

importance of the strict diet as a valid treatment for a

medical condition placed a certain degree of strain on

relationships. Many people were now better able to dis-

tinguish the rationale for following a gluten-free diet

among those with coeliac disease versus those choosing to

do so by choice. This made social situations less uncom-

fortable for participants. Examples of those seemingly

more likely to have a deeper sympathy for the condition

were persons whom participants had strong, intimate

relationships with and restaurant staff that clearly

affirmed sufficient knowledge of coeliac disease and out-

lined safe food preparation techniques.

Despite an overall increase in general awareness of coe-

liac disease, certain circumstances proved difficult for par-

ticipants to maintain a fulfilling social life. This is because

it has become common for those with coeliac disease to

be associated with the gluten-free ‘fad’. Because many

noncoeliac disease individuals were skeptical about the

claims being made about the gluten-free diet, many failed

to recognise participants were not voluntarily choosing to

follow the gluten-free diet. As such, certain social envi-

ronments presented an underestimation of the seriousness

of coeliac disease. Participants would often have to either

decline invitations, incessantly provide extreme detail to

those preparing or ordering the food about coeliac disease

and the gluten-free diet, or have food on hand to eat

before/after a meal, for example.

Altered self-image

Respondents indicated that, since the gluten-free diet has

become popularised as a ‘fad’ diet, individuals with coe-

liac disease were sometimes grouped into the same cate-

gory as those following the diet by choice. Consequently,

others would sometimes perceive persons with coeliac

disease negatively, attributing them with undesirable char-

acteristics such as being high maintenance or pretentious.

Because others were often unable to appreciate the medi-

cal necessity of following the diet with such austerity, par-

ticipants had to navigate between protecting their health

and dealing with the associated stigma.

When trying to manage these difficulties, many partici-

pants felt uncertain in various social situations. They were

often unsure whether those preparing their food had suf-

ficient knowledge of coeliac disease and gluten and would

also worry that asking for clarification about the ingredi-

ents used and the methods of preparation would make

them appear impolite or distrustful. During these situa-

tions, a tension could arise and potentially stigmatise par-

ticipants as ‘difficult’. Even if a participant did not feel

they were being perceived as a ‘fad-dieter’, they sometimes

felt uncomfortable or high maintenance themselves

because of certain requests they would have to make.

Psychosocial perseverance

Although in various stages of their journey with coeliac

disease, participants discussed explicitly and implicitly

Table 3 Participant characteristics

Category n

Sex

Female 13

Male 4

Age group at diagnosis

Child 3

Adolescent 2

Adult 12

Time since diagnosis

>10 years 6

5–10 years 2

1–5 years 5

≤1 year 4
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how important it was to try to not let the condition con-

sume their day-to-day life. Of major importance was to

simply accept what the diagnosis and treatment meant in

terms of how it would change the participants’ lifestyle

and how they would have to adapt their social life

accordingly. This acceptance developed in different ways

and at different times in their post-diagnosis journey,

although participants ultimately recognised that in order

to adequately deal with this condition and the gluten-free

diet, they had to acknowledge its genuine reality.

Respondents mentioned several strategies they used to

mitigate the effects of the gluten-free diet on their rela-

tionships and social life. They were now able to research

several concerns about the gluten-free diet online, as well

as find places and products with gluten-free options. One

common coping mechanism was researching and experi-

menting as to which restaurants not only provided glu-

ten-free options, but also demonstrated a clear

understanding of coeliac disease. As part of this strategy,

some participants would sometimes assess the server’s

comprehension of gluten and coeliac disease and order

correspondingly. Additionally, to minimise exposure to

gluten and ensure a healthy and affordable diet, many

participants still prepared much of their daily food intake

from scratch and at home or had snacks on hand when

outside the home.

Table 4 Quotes illustrating participants’ social life and relationships in relation to the growth of the gluten-free industry

Fluctuating social

climates
• ’Up until the day my grandmother died, she never believed in my gluten-free diet, to the point that she would

actively offer me bread . . . it made my relationship with my grandparents suffer greatly . . . With more awareness and

with more people being able to access the diet and the information behind it . . . it [has] made it easier for me to join

normal society . . . It’s just, just removing those stigmas.’ – Peter

• ’Just in the last couple years, I find I can go [to] almost any restaurant downtown and they’ve got either separate

menus or their menus are all clearly marked. So, anyways . . . world of difference in restaurants.’ – Harold

• ’I definitely feel more relaxed about it. I feel like it’s more normal. I definitely still do get questions about it and stuff

but, in general, it’s much more understood and relaxed.’ – Eva

• ’It’s become pretty commonplace now . . . I find that [restaurants] will, you know, adhere to however, like, changing

whatever they can for you, so I don’t feel as bad for asking anymore . . . I find it quite comfortable actually.’ – Nora

• ’So, you know, uh, at work, you tend to have a lot of business meetings and vendors will bring in food, and, so I’ve

learned that I just need to keep an extra lunch bag in the, in the lunchroom because eventually somebody’s gonna bring

in food and they’re gonna forget and they’re gonna be like ‘oh, I totally thought that that gluten-free pizza from Pizza

73, where there’s tons of cross-contamination, was, was, you know, I totally thought that’d be okay for you.’ Sorry, it’s

really not.’ – Jeremy

• ’I’ve said it [in] like three meetings and I’ve even left a sign in the office: could you please stop leaving [gluten]

crumbs on the computer keyboards? Because they’ll eat a lunch at the computer and then there’ll be crumbs on the

computer keyboard . . . So I keep saying, like, can you just think of it like a peanut allergy?’ – Pamela

• ’Although it appears as though, you know, for us things are improving, on the surface it seems that way but, you

know, under, under all of that, that’s not really the case . . . I would say the majority of places are just trying to hit this

kind of trend that’s going on.’ – Helen

• ‘I think people know the word ‘gluten’ – they just don’t know what it means.’ – Fiona

Altered self-image • ‘I’m not trying to be difficult. I’m not trying to be high maintenance. Like, I’m just trying to protect my health for

the future.’ – Susan

• ‘You want to ask questions about how they made it, but then you don’t want to come across as, like, rude or

ungrateful that they made you food.’ – Madison

• ‘I feel like I embarrass [my children] because I have to be like, okay, can you make sure that there’s no cross-contam-

ination, what does your chef do?. . .I feel like a pain.’ – Wynona

• ‘If you want a blizzard [from Dairy Queen] they’ll be like ‘oh, just ask the people to like clean the machine for you,

and like do all that’ but, like, I don’t know. I feel too awkward and, like, I don’t want to be like yeah like ‘can you clean

the whole blizzard machine to make me a blizzard please?’’ – Timothy

Psychosocial

perseverance
• ‘You have to live.’ – Elaine

• ‘It’s easy to get really obsessed with it, and for it to mentally take over your life and for you to feel, like, really over-

whelmed all the time . . . you can’t go crazy over it ‘cause, you can’t stress over it ‘cause that’s just as bad for you.’ – Eva

• ‘I just have learned to live with that risk, that I, I’m weighing that saying this event is worth the risk of me getting

sick, so I’m going to go out and eat.’ – Naomi

• ‘I often gage what I’m going to eat depending on the response of the server.’ – Erika

• ‘There’s always that option for, for things to go wrong. But I would never let it get in my way of traveling – that’s

for sure. ‘Cause I love to travel, and if anything, I find it’s like a better way to bring awareness too and to teach people a

little bit more.’ – Madison

• ‘I always have to make sure that I have the emergency supplies [gluten-free food] on hand.’ – Patricia
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Discussion

Although there have been major improvements in the

availability of the gluten-free diet and awareness of coe-

liac disease, the emergent themes in the present study

illustrate how the ‘fad’ element of the diet has produced

varied levels of understanding about coeliac disease. The

fluctuating social climates discussed in this study demon-

strate how some social situations are more manageable,

providing relief to persons with coeliac disease, whereas

others produce distress and pose a threat of inadvertently

consuming gluten. With coeliac disease being associated

with the gluten-free ‘fad’ movement in many situations,

its legitimacy as a serious medical condition has been

reduced in many social environments. This has also con-

tributed to an altered self-image of those with coeliac dis-

ease, in which many individuals are now viewed or view

themselves differently than before following the required

treatment. This changing context called on the psychoso-

cial perseverance of participants in attempt to mitigate

these social burdens. These findings add to prior work in

Canada by providing more depth and detail regarding

issues previously examined (14,24).

This blurring between coeliac disease and voluntarily

choosing to follow a gluten-free diet further complicates

the ability to successfully adhere to treatment and main-

tain a fulfilling social life. It has been shown persons with

coeliac disease who report adhering to the gluten-free diet

can still experience continuous exposure to gluten, with

levels potentially high enough to produce symptoms and

intestinal damage (25). It is certainly plausible that the

negative consequences of the gluten-free industry growth

have contributed to this problem. For example, a Cana-

dian-based study revealed that approximately 1% of

flours and starches labelled as gluten-free contained levels

of gluten beyond the Canadian legislated 20 parts per

million (26). Thus, despite a growing availability of glu-

ten-free products for people with coeliac disease, the fea-

sibility of maintaining a gluten-free diet that is safe and

does not impair one’s social life remains challenging.

These concerns are occurring in conjunction with a

growing incidence of coeliac disease in Calgary, with an

8.6% average annual increase from 2004 to 2008 having

occurred (27). This includes a paediatric population in

whom the incidence of coeliac disease rose from 9.5 to

22.7 new diagnoses per 100 000 persons in 2004 to 2007 (28).

Healthcare providers, as well as institutions and compa-

nies that provide food, must be adequately prepared to

deal with more and more diagnosed cases (many of

whom are young) to minimise the adverse health and

social outcomes associated with coeliac disease.

Continued education around coeliac disease and its

relationship to gluten is certainly important to hold food

providers and manufacturers accountable. Targeted efforts

in this context are being made, including the Gluten-Free

Food Program (GFFP)TM, which is designed to train and

monitor food handlers in the service and hospitality

industry about safe preparation of gluten-free food. This

will ensure that individuals with coeliac disease are less

likely to both experience gluten ingestion and feel the

social burdens when eating away from home. However,

several social circumstances cited by participants involved

food prepared by family, friends or co-workers. The aver-

age person will likely not have a nuanced understanding

of the gluten-free diet, which has been further muddled

by the proliferation of the industry itself. With education

of coeliac disease and the gluten-free diet having its lim-

its, there is a need for alternative. These issues are in

addition to evidence that treatment burden is similar or

even higher than other chronic conditions like diabetes

mellitus, hypertension, and inflammatory bowel dis-

ease (29). Additionally, many individuals diagnosed with

coeliac disease seek a nondietary treatment (30).

New drugs with attempts to reduce coeliac disease

symptoms and villous atrophy of the intestine are in vari-

ous developmental phases (2). The extent to which such

therapies may supplement the gluten-free diet is unclear,

but assuming a probable introduction into the healthcare

system, they will likely help to address the frequent

danger of gluten ingestion (and thereby minimise the

social burdens observed in this study). It is unknown

how many newly diagnosed individuals are recommended

for regular follow-up testing and monitoring in Canada

and, if so, how often these individuals are regularly seen

by a healthcare provider. If diagnosed through biopsy,

contact with the gastroenterologist who performed the

endoscopy most likely begins and ends there. Therefore,

it is essential general practitioners are well informed

about coeliac disease as a condition, as well as the prob-

lems involved with following a gluten-free diet. This will

ensure persons living with coeliac disease receive the best

possible care from their primary point of contact in the

healthcare system.

Because this recommendation may not entirely resolve

the social ramifications explored in this study, ongoing

support from other avenues (as needed) is advised. Access

to a dietitian who specialises in coeliac disease and the

gluten-free diet will help those newly diagnosed better

navigate the gluten-free market and credibly distinguish

the sources of information available elsewhere (e.g.

online, local restaurant). They may also be able to pro-

vide strategies to ensure those with coeliac disease are

able to experience social situations more comfortably.

Additional treatment may require some type of therapeu-

tic or psychological counselling to help those with coeliac

disease cope with such burdens. Although not robustly
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explored in the present study, it has been documented

those with coeliac disease can endure psychological mor-

bidities long after diagnosis (31). Whether it be through

some sort of professional aid or a community-based

organisation (e.g. local chapter of the Canadian Celiac

Association), those newly diagnosed should be referred to

such resources to ensure any psychosocial ramifications

are appropriately managed.

Sample recruitment through a specialty gluten-free store

and the self-reporting of coeliac disease status represents

some limitations of the present study. It is possible the

experiences and feelings that emerged in the data represent

those who may be more cognisant of the gluten-free regi-

men and coeliac disease in general. Persons with coeliac

disease who experience minimal to no symptoms, or who

perhaps do not even follow a gluten-free after diagnosis,

may feel differently about the issues discussed in this

research. Furthermore, the present study was performed in

an urban city. Residents in more rural environments,

which can be characterised by different social patterns and

activities (and availability and accessibility of gluten-free

food), may not have the same lived experience of coeliac

disease observed here. Given a small sample size of men,

further research is needed to evaluate whether the findings

hold true to men more generally. Although five partici-

pants were diagnosed as children, all were adults at the

time of the interviews. Thus, childhood experiences of coe-

liac disease were not able to be explored in-depth. Finally,

other valuable information (e.g. income, occupation, rela-

tionship status, mental and/or physical comorbidities, and

interactions with healthcare professionals) was not identi-

fied among all participants, of which may have varying

influences on the experience of coeliac disease.

Conclusions

The background to this research is the major growth in

the gluten-free industry that has occurred in the past sev-

eral years. Participant interviews demonstrated how signif-

icant this cultural context has been in influencing their

experience of coeliac disease, with both positive and nega-

tive consequences. However, coeliac disease is an ongoing,

chronic condition with potential for new challenges to

emerge across time and space. Therefore, extending treat-

ment to nondietary therapies will help to ensure those liv-

ing with coeliac disease can maintain a fulfilling social life.
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Abstract

Background: The role of abdominal fat and body fat (BF) in the evaluation

of nutritional status in asthma has been considered recently. The present

study aimed to evaluate the association between different anthropometric

markers and asthma control, pulmonary function and quality of life. A sec-

ondary objective was to determine the agreement between the anthropomet-

ric markers with respect to assessing obesity in adults with asthma.

Methods: This cross-sectional study enrolled adult asthma patients attend-

ing an outpatient asthma clinic in southern Brazil. Patients were evaluated

regarding sociodemographic data, lung function, asthma control, nutritional

status and health-related quality of life (Asthma Quality of Life Question-

naire; AQLQ). Nutritional status was classified by body mass index (BMI),

waist circumference (WC) and BF.

Results: The mean (SD) age of the 198 patients was 56.2 (14.8) years. The

prevalence of uncontrolled asthma among subjects who were overweight as

diagnosed by their BMI was 64.6% higher than in those who were normal

weight. An increase in a measure of BMI (1 kg m�2) decreases approximately

44–59% of symptoms, activity limitations and emotional function domains of

the AQLQ, whereas an increase in a measure in WC (1 cm) decreases approx-

imately 24–30% of the same domains. Agreement between BMI and BF was

0.566 and that between BMI and WC was 0.597 by Kendall’s Tau-b test.

Conclusions: The prevalence of uncontrolled asthma is greater in over-

weight subjects than in normal weight subjects. WC and BMI were nega-

tively associated with symptoms, activity limitations and emotional function

domains of the AQLQ. BMI appears to be sufficient to diagnose the nutri-

tional status of subjects with asthma in this population.

Introduction

Obesity has been identified as a risk factor for adult asthma
(1,2). Numerous studies have shown a relationship between

an increased body mass index (BMI) and asthma (3–5).

Also, an excess of body fat (BF) and abdominal fat may be

an important risk factor for asthma (6,7).

The relationships, interactions and associations between

obesity and asthma are multifactorial and complex (8,9).

Obese subjects are more likely to have uncontrolled
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asthma compared to nonobese subjects (5). Furthermore,

obesity also is associated with decreased pulmonary func-

tion; more specifically, as represented by a decreased in

forced expiratory volume in 1 s (FEV1) and forced vital

capacity (FVC) (10). Also, higher BMI values were associ-

ated with lower scores on the Asthma Quality of Life

Questionnaire (AQLQ) (11,12).

The BMI is used as the anthropometric measure to

determine individuals who are overweight or obese. This

index is used as an epidemiological and clinical indicator,

although it does not indicate the body composition dis-

tribution (13). Additionally, abdominal fat is associated

with a reduction in lung function and poorly asthma

control, although only a few studies have considered the

role of abdominal fat and BF. Thus, anthropometric eval-

uation should therefore use other markers, such as waist

circumference (WC) and BF measures (7,14–16).

The present study aimed to evaluate the association

between different anthropometric markers (BMI, WC and

BF) and asthma control, pulmonary function and quality

of life. A secondary objective was to determine the agree-

ment between the anthropometric markers with respect

to assessing obesity in adults with asthma.

Materials and methods

This cross-sectional study included patients aged above

18 years of age with a diagnosis of asthma by Global Ini-

tiative for Asthma (GINA) criteria (17), attending, consec-

utively (from March to November 2013), an adult

outpatient clinic for asthma at the Hospital de Cl�ınicas

de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil.

Excluded patients were those with a diagnosis of pul-

monary disease other than asthma, an abnormal chest X-

ray, bronchiectasis, emphysema, a smoking history of

more than 10 pack-years, and a history of recent myocar-

dial infarction, as well as pregnant women. The study was

conducted in accordance with the guidelines laid down in

the Declaration of Helsinki, and all procedures involving

patients were approved by the Hospital de Cl�ınicas Ethics

Committee (protocol no. 12.0103). Written informed

consent was obtained from all patients.

All subjects were interviewed by a researcher using a

structured questionnaire that evaluated the variables: age,

sex, self-related ethnicity, marital status, educational level,

smoking status, comorbid conditions, asthma severity and

asthma control.

Weight was measured to the nearest 0.1 kg using a cali-

brated electronic scale with subjects dressed in very light

clothing and no shoes. Height was measured using a fixed

tape measure with the participants standing shoeless on a

hard surface against a wall. BMI was calculated as the

ratio of weight to height squared (kg m�2) for each

subject. Subjects were grouped into three categories based

on BMI: normal weight (<25.0 kg m�2), overweight

(25.0–29.9 kg m�2) and obese (>30 kg m�²) (18). WC was

used for abdominal fat classification and was measured,

using an inelastic tape, at the midpoint of the lowest rib

and iliac crest. Subjects were then classified, in accordance

with sex-specific WC values, based on the cut-off points

in relation to the risk of developing metabolic complica-

tions, as suggested by the World Health Organization (19),

into three categories: (i) normal or not increased

(<80 cm females, <94 cm males); (ii) increased (80–
87.9 cm females, 94–101.9 cm males); and (iii) substan-

tially increased (≥88 cm females, ≥102 cm males) (18).

Body composition (% body water, % BF and % muscle

mass) was assessed by means of bioelectric impedance anal-

ysis. This method is based on conducting a painless electri-

cal current of low intensity applied to the body via

electrodes or cables connected to conductive surfaces,

which are placed in contact with skin. Total BF, expressed

as % BF was divided also into three categories according to

age: (i) normal or not increased or (BF: <33% in women

and <21% in men aged 20–39 years, BF: <35% in women

and <23% in men aged 40–59 years, BF: <38% in women

and <25% in men aged 60–79 years); (ii) increased (BF:

ranging between 33% and 39% in women and between

21% and 26% in men aged 20–39 years, BF: ranging

between 35% and 41% in women and between 23% and

29% in men aged 40–59 years, BF: ranging between 38%

and 43% in women and 25–31% in men aged 60–
79 years); and (iii) substantially increased (BF: ≥39% in

women and ≥26% in men aged 20–39 years age, BF: ≥41%
in women and ≥29% in men aged 40–59 years, BF: ≥43%
in women and ≥31% in men aged 60–79 years) (20).

The control of asthma was assessed by GINA criteria
(17). Asthma was considered to be controlled if all these

features were present: daytime symptoms twice a week or

less, no limitations of activities, no nocturnal symptoms

or awakenings, need for reliever/rescue treatment twice a

week or less, normal airflow (FEV1 and peak expiratory

flow rate, ≥80% of predicted value). Asthma was consid-

ered partially controlled if one or two of the above fea-

tures were absent. Asthma was considered to be

uncontrolled if more than two features were absent or if

asthma had caused hospital/emergency department

admission in the previous 12 months.

To assess asthma severity, we used the GINA criteria
(17) classification system in accordance with the daily

medication regimen, which divides patients into four

severity categories (mild intermittent, mild, moderate and

severe persistent asthma) based on the frequency of

symptoms, spirometry and the intensity of drug therapy.

Lung function (FEV1 and FVC) was measured using a

computerised spirometer (Jaege, version 4.31; Jaeger,
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W€urzburg, Germany). The best of three acceptable

manoeuvres of the forced expiratory curve was selected.

FVC, FEV1 and FEV1/FVC were registered and expressed

as a percentage of the predicted values and as absolute

values (21).

Health-related quality of life in asthma was assessed

using the AQLQ developed by Juniper et al.(22). This

questionnaire includes the domains: symptoms, activity

limitations, emotional function and environmental stim-

uli. Each domain is scored from 1 to 7, where 1 indicates

maximal impairment and 7 indicates no impairment.

The calculation of sample size was estimated in accor-

dance with the study by Pakhale et al. (23). Considering a

minimal difference in the total score of quality of life or

in any of its domains (magnitude of effect) of 0.5 points

between anthropometric marker categories (normal,

increase and substantially increase), a SD of 1.0, with a

standardised effect magnitude of 0.5, and two-way

alpha = 0.05 and beta = 0.20 (or power = 0.80), 64

patients were required per group, totalling 192 patients.

Data were analysed using SPSS, version 19.0 (IBM Corp.,

Armonk, NY, USA) and were reported as the median (in-

terquartile range), mean (SD) or percentage of subjects

with the specified variable. The association between

anthropometric markers and asthma control was assessed

in a bivariate analysis (uncontrolled asthma as dependent

variable) using Poisson regression controlled by age and

sex. The association between anthropometric markers and

pulmonary function and AQLQ domains was assessed by

multivariable linear regression models controlled by age

and sex. P < 0.05 was considered statistically significant.

Agreement between BMI, WC and BF was evaluated

using Kendall’s Tau-b test.

Results

In total, 344 adult patients with asthma were evaluated

with respect to paricipating in the present study. Of these,

71 were excluded in that 53 patients had a diagnosis of

pulmonary disease other than asthma; eight patients had

a smoking history of more than 10 pack-years; one

woman was pregnant; seven patients presented an abnor-

mality in their chest X-ray; and two patients had a recent

history of myocardial infarction. Furthermore, 75 subjects

decline to participate in the study. Therefore, in total, 198

patients were included in the present study.

The general characteristics of the study sample are

shown in Table 1. Mean (SD) age was 56.2 (14.8) years,

81.8% were women and 75.3% of patients reported that

they were whites. Regarding asthma classification, 144

patients (72.7%) were classified as having severe persistent

asthma, 31 patients (15.7%) as having moderate persis-

tent asthma and 23 patients (11.6%) as having mild

persistent asthma. Over half (59.5%) of patients presented

uncontrolled asthma. The mean (SD) BMI was

29.6 (5.7) kg m�2, BF was 35.4% (7.8%) and WC was

99.4 (12.9) cm for females and 99.3 (14.0) cm for males.

Considering nutritional status by BMI, 43 patients

(21.7%) were classified as normal weight, 72 patients

(36.4%) were classified as overweight and 83 patients

(41.9%) were classified as obese. Abdominal adiposity

was not increased in 24 patients (12.1%), whereas it was

increased in 27 patients (13.6%) and substantially

increased in 147 patients (74.2%). Total BF was normal

in 72 patients (36.4%), increased in 69 patients (34.8%)

and substantially increased in 57 patients (28.8%).

The relationship between different categorised anthro-

pometric markers and asthma control was explored in

Poisson regression models and is shown in Table 2. The

prevalence of uncontrolled asthma among subjects who

were overweight as diagnosed by BMI was 64.6% higher

Table 1 General characteristics of the patients with asthma

Variable N = 198

Sex, n (%)

Female 162 (81.8%)

Age (years), mean (SD) 56.2 (14.8)

Ethnicity, n (%)

White 150 (75.3%)

Nonwhite 48 (24.2%)

Age at diagnosis (years), median (IQR) 20.5 (2–46)

Smoking status, n (%)

Never 138 (69.7%)

Former 60 (30.3%)

GINA severity classification, n (%)

Mild 23 (11.6%)

Moderate 31 (15.7%)

Severe 144 (72.7%)

GINA asthma control, n (%)

Controlled 52 (26.3%)

Partly controlled 28 (14.1%)

Uncontrolled 118 (59.6%)

Nutritional indicators, mean (SD)

BMI (kg m�2) 29.6 (5.7)

Body fat (% total weight) 35.4 (7.8)

Waist circumference (cm)

Female (cm) 99.4 (12.9)

Male (cm) 99.3 (14.0)

Pulmonary function (pre-bronchodilator), mean (SD)

FVC (L) 2.5 (0.9)

FVC % predicted 81.2 (21.3)

FEV1 (L) 1.7 (0.7)

FEV1% predicted 68.2 (22.2)

FEV1/FVC % predicted 82.1 (13.0)

BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC,

forced vital capacity; GINA, Global Initiative for Asthma; IQR,

interquartile range; N, number of cases (% total cases).
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than in those who were normal weight (P = 0.009). There

were no statistical associations between BF and WC with

asthma control (P = 0.133 and 0.503, respectively). Also,

there was no statistical association with asthma control

when analysed together with a diagnosis of being over-

weight by anthropometric markers (overweight as diag-

nosed by BMI or WC or BF, P = 0.617).

Multiple linear regression analysis for an association of

anthropometric markers with lung function and AQLQ

domains is shown in Table 3. WC and BMI were signifi-

cantly associated with symptoms, activity limitations and

emotional function domains: an increase in a measure of

BMI (1 kg m�2) decreases approximately 44–59% of

symptoms, activity limitations and emotional function

domains of the AQLQ, whereas an increase in a measure

of WC (1 cm) decreases approximately 24–30% of the

same domains. There was no statistical association

between FEV1 and environmental domain of the AQLQ

and BMI, BF and WC (P > 0.05 for all analyses).

Agreement between BMI categories with BF and WC is

shown in Table 4. Comparing the BMI with the BF and

WC categories, 79% and 48.9% of the subjects with nor-

mal weight also had a normal BF and WC, respectively.

In the BMI overweight category, 40.3% and 18.1% of

subjects had an increased BF and WC, respectively. In

addition, in the obese category, 54.2% and 98.8% also

had a high BF and WC. Overall, the BMI showed moder-

ate agreement with BF (Kendall’s Tau-b test = 0.566,

P < 0.001) and with WC (Kendall’s Tau-b test = 0.597,

P < 0.001). The most notable agreement occurred in the

obese categories (BF = 54.2% and WC = 98.8%).

Discussion

The results of the present study show that the prevalence

of uncontrolled asthma is greater in overweight subjects

diagnosed by BMI than in normal weight subjects also

diagnosed by BMI. The BMI and WC were negatively

associated with symptoms, activity limitations and emo-

tional function domains of the AQLQ among adult

asthma patients attending an outpatient clinic in a large,

tertiary care, university-affiliated hospital in southern Bra-

zil. Furthermore, BMI shows moderate agreement with

WC and BF.

We observed a high prevalence of asthma subjects who

were overweight as diagnosed by different anthropometric

markers. In the present study, only being overweight as

diagnosed by BMI was associated with asthma control

evaluated by GINA criteria. Similarly, other studies (5,24)

have reported that obese adults with asthma had poorer

disease control, as assessed by Asthma Questionnaire

Control (ACQ) (25), than patients with a normal BMI.

Similarly, Lavoie et al.(11) observed that patients with a

higher BMI had higher scores on the ACQ, suggesting a

relationship between obesity and uncontrolled asthma.

Even when the diagnosis of being overweight was evalu-

ated by WC and BF, no relationships with asthma control

were found in the present study. Despite the WC being

Table 2 Poisson regression models controlled by age and sex:

uncontrolled asthma as dependent variable

PR 95% CI P value

Overweight diagnosed by BMI 0.646 0.465–0.897 0.009

Overweight diagnosed by % BF 0.757 0.526–1.089 0.133

Overweight diagnosed by WC 0.857 0.544–1.348 0.503

Overweight diagnosed by BMI

or WC or % BF

0.846 0.440–1.628 0.617

BF increased, BF: >33% in females and >21% in males aged 20–

39 years, BF: >35% in females and >23% in males aged 40–59 years,

BF: >38% in females and >25% in males aged 60–79 years; BF, body

fat; BMI, body mass index; CI, confidence interval; Overweight, BMI >

25 kg m�2; PR, prevalence ratio; WC increased, WC > 80 cm in

females and WC > 94 cm in males; WC, waist circumference.

P < 0.05 was considered statistically significant (bold).

Table 3 Multiple linear regression models for association of

anthropometric markers with lung function and asthma quality of life

questionnaire domains

B-coefficient (95% CI) r² adjusted P value

Lung function

FEV1 (% predicted)

WC �0.058 (�0.299 to 0.183) 0.001 0.638

BMI 0.063 (�0.496 to 0.622) 0.000 0.825

BF �0.047 (�0.573 to 0.478) 0.000 0.859

AQLQ domains

Symptoms

WC �0.024 (�0.041 to �0.008) 0.067 0.004

BMI �0.048 (�0.086 to �0.009) 0.056 0.016

BF �0.017 (�0.053 to 0.020) 0.031 0.374

Activity limitations

WC �0.023 (�0.037 to �0.008) 0.099 0.003

BMI �0.044 (�0.079 to �0.010) 0.087 0.011

BF �0.019 (�0.051 to 0.014) 0.062 0.255

Emotional function

WC �0.030 (�0.050 to �0.207) 0.061 0.003

BMI �0.059 (�0.016 to �0.012) 0.048 0.014

BF �0.040 (�0.084 to 0.005) 0.034 0.081

Environmental

WC �0.012 (�0.030 to 0.006) 0.053 0.204

BMI �0.018 (�0.061 to 0.024) 0.048 0.402

BF �0.007 (�0.047 to 0.033) 0.045 0.713

AQLQ, asthma quality of life questionnaire; BF, body fat; BMI, body

mass index; CI, confidence interval; FEV1, forced expiratory volume in

1 s; WC, waist circumference.

Results are controlling for age and sex. P < 0.05 was considered

statistically significant (bold).
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suggested as an additional measure for identifying cardio-

vascular risk (26), the present study did not observe any

association with asthma control.

In the present study, there were no relationships of

BMI, WC and BF with FEV1. By contrast, in a longitudi-

nal study, Fenger et al. (27) showed that increasing adipos-

ity was associated with decreasing FEV1 and FVC in adult

patients with asthma. In a cross-sectional study, Chen

et al. (28) observed that WC was negatively associated

with FEV1 and FVC (on average, a 1-cm increase in WC

was associated with a 13-mL reduction in FVC and a 11-

mL reduction in FEV1). On the other hand, in a retro-

spective observational study, Ghabashi et al. (29) found no

associations of BMI with FEV1 and FVC in adult asth-

matics patients.

BMI and WC were negatively associated with symp-

toms, activity limitations and emotional function

domains of the AQLQ. Lavoie et al. (11) found a similar

relationship between BMI and environment and activity

limitation in AQLQ domains in adults with asthma. Simi-

larly, Mosen et al. (30) showed that obese adults were

more likely to report poor symptoms, activity limitations,

emotional function and environmental domains of the

AQLQ compared to adults with normal BMI. These

results indicate that individuals with a high BMI have the

worst AQLQ domains because they are more restricted in

their daily activities and, consequently, they have more

symptoms in response to environmental and emotional

factors.

In the present study, the best agreement between anthro-

pometric markers for evaluation of nutritional status in

adults with asthma was between BMI and WC. Similar to

these findings, in a prospective study assessing the agree-

ment between BMI and WC conducted in 386 healthy

males, Rona et al. (31) suggested that both BMI and WC

are acceptable for assessing obesity. By contrast, Kurth

et al. (32) investigated the effects of both BMI and WC on

local grey matter volumes in a group of 115 healthy sub-

jects and observed that WC is a more sensitive indicator

than BMI, particularly in females. In addition, Janssen

et al. (26) and Bigaard et al. (33), in a large cohort represen-

tative of the US population, observed that WC, either sin-

gly or together with BMI, may have a stronger relationship

with some health outcomes than BMI alone. Nevertheless,

the results of the present study show that, in this popula-

tion, BMI is sufficient to assess nutritional status. In addi-

tion, BMI is inexpensive, quick and easy to use, and easy to

understand for clinicians and the general population (18).

The present study has some limitations to consider. First,

it comprised a cross-sectional study and does not allow the

establishment of causality. Second, the study was con-

ducted in a referral centre in the public health system and

probably included patients with more severe disease.

In conclusion, the prevalence of uncontrolled asthma is

greater in overweight subjects diagnosed by BMI than in

normal weight subjects also diagnosed by BMI. On the

other hand, when the diagnosis of being overweight was

evaluated by other anthropometric markers, no relation-

ships with asthma control were found. Also, there were

no relationships between anthropometric markers and

pulmonary function. BMI and WC were negatively associ-

ated with symptoms, activity limitations and emotional

function domains of the AQLQ. Furthermore, BMI only

has a moderate agreement with BF and WC among adult

asthma patients. Thus, the BMI appears to be sufficient

for diagnosing the nutritional status of subjects with

asthma in this population.
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Table 4 Agreement between body mass index categories with total

body fat and waist circumference

Other classification

criteria categories

BMI

Normal weight Overweight Obese

Normal

BF 34 (79.0) 33 (45.8) 5 (6.0)

WC 21 (48.9) 3 (4.2) –

Increased

BF 7 (16.3) 29 (40.3) 33 (39.8)

WC 13 (30.2) 13 (18.1) 1 (1.2)

High

BF 2 (4.7) 10 (13.9) 45 (54.2)

WC 9 (20.9) 56 (77.7) 82 (98.8)

BF, body fat; BF substantially increased (high), BF: ≥39% in females

and ≥26% in males aged 20–39 years, BF: ≥41% in female and

≥29% in males aged 40–59 years, BF: ≥43% in females and ≥31% in

males aged 60–79 years; BMI, body mass index; obesity, BMI >30 kg

m�²; WC, waist circumference; WC substantially increased (high),

WC ≥ 88 cm in females and WC ≥102 cm in males.

Results expressed as n (%). The values in bold represent the main

diagonal of the agreement matrix.

Agreement between BMI and BF was 0.566 and between BMI and

WC was 0.597 by Kendall’s Tau-b test (P < 0.001 for both analyses).

84 ª 2018 The British Dietetic Association Ltd.

Anthropometric markers and asthma G. C. Forte et al.



References

1. Guerra S, Sherrill DL, Bobadilla A et al. (2002) The

relation of body mass index to asthma, chronic bronchitis,

and emphysema. Chest 122, 1256–1263.
2. Chen XW & Xu J (2005) Effects of airway epithelium

injury on the transdifferentiation of sub-epithelial

fibroblasts and its role in the development of airway

hyperresponsiveness in asthma. Zhonghua Jie He He Hu Xi

Za Zhi 28, 698–703.
3. Ford ES, Mannino DM & Redd SC (2004) Serum

antioxidant concentrations among U.S. adults with self-

reported asthma. J Asthma 41, 179–187.
4. Pelegrino NR, Faganello MM, Sanchez FF et al. (2007)

Relationship between body mass index and asthma severity

in adults. J Bras Pneumol 33, 641–646.
5. Lessard A, Turcotte H, Cormier Y et al. (2008) Obesity

and asthma: a specific phenotype? Chest 134, 317–323.
6. Camargo CA Jr, Weiss ST, Zhang S et al. (1999)

Prospective study of body mass index, weight change, and

risk of adult-onset asthma in women. Arch Intern Med

159, 2582–2588.
7. Clark CP 3rd (2007) Animal-based hyaluronic acid fillers:

scientific and technical considerations. Plast Reconstr Surg

120(6 Suppl), 27S–32S.
8. Shore SA (2008) Obesity and asthma: possible mechanisms.

J Allergy Clin Immunol 121, 1087–1093; quiz 94-5.
9. Castro-Rodriguez JA (2007) Relationship between obesity

and asthma. Arch Bronconeumol 43, 171–175.
10. Parameswaran K, Todd DC & Soth M (2006) Altered

respiratory physiology in obesity. Can Respir J 13, 203–210.
11. Lavoie KL, Bacon SL, Labrecque M et al. (2006) Higher

BMI is associated with worse asthma control and quality

of life but not asthma severity. Respir Med 100, 648–657.
12. Vortmann M & Eisner MD (2008) BMI and health status

among adults with asthma. Obesity (Silver Spring) 16, 146–152.
13. Clark L & Lebwohl M (2008) The effect of weight on the

efficacy of biologic therapy in patients with psoriasis. J Am

Acad Dermatol 58, 443–446.
14. Kronander UN, Falkenberg M & Zetterstrom O (2004)

Prevalence and incidence of asthma related to waist

circumference and BMI in a Swedish community sample.

Respir Med 98, 1108–1116.
15. Appleton SL, Adams RJ, Wilson DH et al. (2006) Central

obesity is associated with nonatopic but not atopic asthma

in a representative population sample. J Allergy Clin

Immunol 118, 1284–1291.
16. Chen Y, Rennie D, Cormier Y et al. (2005) Sex specificity

of asthma associated with objectively measured body mass

index and waist circumference: the Humboldt study. Chest

128, 3048–3054.
17. Salvador AC, Pereira AS, De Sa CM et al. (1992) Blood

vessel architecture in lymph nodes of the dog viewed by

scanning electron microscopy. J Submicrosc Cytol Pathol

24, 97–102.

18. Fior-Gozlan M, Bosio C, Croset C et al. (2006) Value of

bile cytology associated with brush cytology of the bile

duct: a comparative study of 115 patients. Annal Pathol

26, 361–367.
19. Aubert B, Bona M, Boutigny D et al. (2006)

Measurements of branching fraction, polarization, and

charge asymmetry of B(+/-)–>rho(+/-)rho(0) and a search

for B(+/-)–>rho(+/-)f(0)(980). Phys Rev Lett 97, 261801.

20. Aubert B, Bona M, Boutigny D et al. (2006) Observation

of an excited charm baryon Omega c* decaying to Omega

c0gamma. Phys Rev Lett 97, 232001.

21. Salvador AC, Pereira AS, de Sa CM et al. (1992) Blood

vasculature of the lymph node in the dog: anatomical

evidence for participation of extrahilar arterial vessels in the

blood supply of the cortex. Acta Anat (Basel) 143, 41–47.
22. Haun M, Pereira MF, Hoffmann ME et al. (1992) Bacterial

chemistry. VI. Biological activities and cytotoxicity of 1,3-

dihydro-2H-indol-2-one derivatives. Biol Res 25, 21–25.
23. Pakhale S, Doucette S, Vandemheen K et al. (2010) A

comparison of obese and nonobese people with asthma:

exploring an asthma-obesity interaction. Chest 137, 1316–
1323.

24. Barros LL, Souza-Machado A, Correa LB et al. (2011)

Obesity and poor asthma control in patients with severe

asthma. J Asthma 48, 171–176.
25. Juniper EF, O’Byrne PM, Guyatt GH et al. (1999)

Development and validation of a questionnaire to measure

asthma control. Eur Respir J 14, 902–907.
26. Janssen I, Katzmarzyk PT & Ross R (2004) Waist

circumference and not body mass index explains obesity-

related health risk. Am J Clin Nutr 79, 379–384.
27. Hashemipour M, Amini M, Aminorroaya A et al. (2007)

High prevalence of goiter in an iodine replete area: do

thyroid auto-antibodies play a role? Asia Pac J Clin Nutr

16, 403–410.
28. Alavian SM, Motlagh ME, Ardalan G et al. (2008)

Hypertriglyceridemic waist phenotype and associated

lifestyle factors in a national population of youths:

CASPIAN Study. J Trop Pediatr 54, 169–177.
29. Ghabashi AE & Iqbal M (2006) Obesity and its correlation

with spirometric variables in patients with asthma.

MedGenMed 8, 58.

30. Mosen DM, Schatz M, Magid DJ et al. (2008) The

relationship between obesity and asthma severity and

control in adults. J Allergy Clin Immunol 122, 507–511.
31. Rabito FA, Horter L, Langlois EC et al. (2013) Blood lead

and pediatric asthma. Epidemiology 24, 474–476.
32. Mougey E, Lang JE, Allayee H et al. (2013) ALOX5

polymorphism associates with increased leukotriene

production and reduced lung function and asthma control

in children with poorly controlled asthma. Clin Exp Allergy

43, 512–520.
33. Bigaard J, Tjonneland A, Thomsen BL et al. (2003) Waist

circumference, BMI, smoking, and mortality in middle-

aged men and women. Obes Res 11, 895–903.

85ª 2018 The British Dietetic Association Ltd.

G. C. Forte et al. Anthropometric markers and asthma



CHRONIC DISEASE

Adherence to the Healthy Nordic Food Index and the
incidence of acute myocardial infarction and mortality
among patients with stable angina pectoris
N. G. Puaschitz,1,2 J. Assmus,3 E. Strand,2 T. Karlsson,2 K. J. Vinknes,4 V. Lysne,2 C. A. Drevon,4

G. S. Tell,5,6 J. Dierkes2 & O. Nyg�ard1,7

1Department of Heart Disease, Haukeland University Hospital, Bergen, Norway
2Department of Clinical Science, University of Bergen, Bergen, Norway
3Department of Research and Development, Haukeland University Hospital, Bergen, Norway
4Department of Nutrition, Faculty of Medicine, Institute of Basic Medical Sciences, University of Oslo, Oslo, Norway
5Department of Global Public Health and Primary Care, University of Bergen, Bergen, Norway
6Division of Mental and Physical Health, Department of Non-Communicable Diseases, Norwegian Institute of Public Health, Oslo, Norway
7KG Jebsen Centre for Diabetes Research, Department of Clinical Science, University of Bergen, Bergen, Norway

Keywords

cardiovascular disease, Healthy Nordic diet,

Healthy Nordic Food Index, mortality, myocardial

infarction, stable angina pectoris.

Correspondence

N. Puaschitz, Department of Heart Disease,

Haukeland University Hospital, N-5021 Bergen,

Norway.

Tel: +47 93045872

E-mail: nathalie.genevieve.puaschitz@

helse-bergen.no

How to cite this article

Puaschitz N.G., Assmus J., Strand E., Karlsson T.,

Vinknes K.J., Lysne V., Drevon C.A., Tell G.S.,

Dierkes J. & Nyg�ard O. (2019) Adherence to the

Healthy Nordic Food Index and the incidence of

acute myocardial infarction and mortality among

patients with stable angina pectoris. J Hum Nutr

Diet. 32, 86–97

https://doi.org/10.1111/jhn.12592

This is an open access article under the terms of

the Creative Commons Attribution License, which

permits use, distribution and reproduction in any

medium, provided the original work is properly

cited.

Abstract

Background: The Healthy Nordic Food Index (HNFI) has been associated

with beneficial effects on markers of cardiovascular disease (CVD). Whether

such effects are present among patients with established coronary heart dis-

ease is unknown. In the present study, we investigated the association

between adherence to the HNFI and the risk of acute myocardial infarction

(AMI) (fatal or nonfatal) and death among patients with stable angina pec-

toris.

Methods: In the Western Norway B-vitamin Intervention Trial, participants

completed a 169-item semi-quantitative food frequency questionnaire. The

HNFI was calculated from six food groups (fish, cabbage, apples/pears, root

vegetables, whole grain bread and oatmeal), scoring 0–6. Three adherence

groups were defined: 0–1 points (low), 2–3 points (medium) or 4–6 points

(high). Cox regression analyses investigated associations between adherence

to the HNFI and outcomes.

Results: Among 2019 men (79.7%) and women with mean age of

61.7 years, 307 patients experienced an AMI event during a median (25th

and 75th percentiles) follow-up of 7.5 (6.3 and 8.7) years. Median follow-up

for total mortality was 10.5 (9.3 and 11.7) years; 171 patients died from

CVD and 380 from any cause. No association between HNFI and the risk

of AMI was detected. However, the HNFI was associated with a reduced risk

of all-cause death, both by linear estimates [hazard ratio (95% confidence

interval = 0.91 (0.84–0.98)] and by comparison of the highest with the low-

est adherence group [hazard ratio (95% confidence interval = 0.70 (0.52–
0.95)].

Conclusions: The results of the present study suggest that a Healthy Nordic

diet may reduce mortality in patients with established CVD.

Introduction

Cardiovascular disease (CVD) is the number one cause of

death globally, and 80% of all CVD deaths are a result of

acute myocardial infarction (AMI) or stroke (1). Despite

optimised medical treatment, patients suffering from coro-

nary heart disease and stable angina have an increased risk

of new cardiovascular events and mortality (2). There is no
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doubt that diet influences the development and progres-

sion of CVD. Dietary intakes rich in fish (3), vegetables (4)

or whole grain (5) have been shown to be inversely associ-

ated with CVD development and progression. Because

food intakes usually show high degrees of collinearity (6),

dietary pattern analysis has been developed to evaluate the

effect of the whole diet on disease development and pro-

gression (7,8).

Dietary pattern analysis can follow a hypothesis-free

data analysis (9) or follow the concept that a predefined

dietary pattern has a particular effect on disease (10–12). In

particular, the so-called Mediterranean Diet has been

described and investigated in relation to CVD. Adherence

to the diet is measured using a scoring system, where a

score (zero or one) is given for a certain amount of con-

sumption of each food component. Sex-specific median

intakes are used as a cut-off. The score then reflects

adherence to the diet and can be analysed with respect to

biomarkers or risk factors, and clinical outcomes (13).

The use of the Mediterranean Diet score may not be

suitable for populations in areas outside southern Europe

because the score would not reflect local dietary habits

and would thus cause misclassification (14). Thus, other

local food scores have been defined, especially in the Nor-

dic countries, which have a number of specific dietary

traditions in common (15). Among them, the Nordic diet

has been characterised (15,16) and analysed with respect to

biomarkers (17) and cardiovascular risk factors in healthy

and hypercholesterolemic populations (18,19). The Nordic

Diet is probably more acceptable for populations in the

Nordic countries and might be easier to adhere to than

the Mediterranean Diet (20,21).

However, there are different definitions of the Nordic

diet, depending on geographical location and focus of the

study (15). In the present study, we use the approach of

the Healthy Nordic Food Index (HNFI) based on scores

for intake of fish, cabbage, fruits and berries, root vegeta-

bles, whole grain or rye bread and oatmeal (14). It has

been shown that high adherence to the score is associated

with a healthier lifestyle (22) , as well as a lower risk of

myocardial infarction (23) and total mortality (14), in

healthy subjects. This led to the hypothesis that a high

score of the HNFI is protective of future AMI and cardio-

vascular and total mortality among patients at high risk.

Accordingly, we analysed whether adherence to the HNFI

was associated with the risk of AMI and mortality in a

cohort of Norwegian patients with stable angina pectoris.

Materials and methods

Study population

From 1999 to 2004, 3090 adult patients at two Norwegian

University Hospitals in Bergen and Stavanger undergoing

diagnostic coronary angiography because of suspected

coronary artery disease (CAD) or aortic stenosis were

recruited to the Western Norway B-Vitamin Interven-

tion Trial (WENBIT). The main aim was to investigate

clinical outcomes of homocysteine-lowering B-vitamin

treatment (24,25). No significant effect of the B-vitamin

intervention was found on cardiovascular outcomes or

mortality (25,26). Inclusion criteria for randomisation were

men and women aged 18 years or older undergoing coro-

nary angiography for suspected CAD and/or aortic valve

stenosis at two University hospitals in Western Norway.

Exclusion criteria were unavailability for follow-up, partici-

pation in other trials, known alcohol abuse, serious mental

illness, cancer disease or patients not filling out the food

frequency questionnaire (FFQ) (26). Information on dietary

habits was collected by a self-administered FFQ from 2484

participants. After further exclusion of participants who

had more than one blank page on the FFQ (n = 96) and

participants who had very low [<30 MJ (<717 kcal) for

women and <33 MJ (<789 kcal) for men] or very high

[<150 MJ (>3585 kcal) for women and <175 MJ

(>4182 kcal) for men] estimated daily energy intakes

(n = 37), FFQ data from 2351 participants were considered

to have satisfactory quality. Patients with a history of acute

coronary syndrome were excluded because of a tendency to

change their diet (27). Thus, data from 2019 patients with

stable angina patients were used for the current analysis

(Fig. 1). All participants provided their written consent.

The study protocol was in accordance with the principles

of the Declaration of Helsinki and approved by the Data

Inspectorate and the Regional Committee for Medical and

Health Research Ethics, and the Norwegian Medicines

Agency.

Food frequency questionnaire

The FFQ was handed out after coronary angiography dur-

ing inclusion in WENBIT, filled in at home and returned

to the study centre either at the follow-up visit scheduled

1 month later or by mail ahead of this appointment. The

10-page questionnaire included 169 food items grouped

according to Norwegian meal patterns and was designed

to obtain information on habitual food intake during the

past year. The frequency of consumption was given per

day, week or month, depending on the items in question.

Portion sizes were given as household measures or units

such as slices, pieces, spoons or glasses. Average daily

intake was used in the analyses. The FFQ was developed

at the Department of Nutrition at the University of Oslo

(Oslo, Norway) and has been validated (28–31). Estima-

tions of nutrient and food intakes were performed using

a food database and a bespoke software system (KOST-

BEREGNINGSSYSTEM, version 3.2; Department of Nutrition,
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University of Oslo, Oslo, Norway). This database is based

on the official Norwegian Food Table (30).

The Healthy Nordic Food Index

The HNFI includes dietary items likely to have beneficial

health effects when the consumption is high (14) and is

based on six typical food groups consumed in the Nordic

countries (fish, cabbage, apple and pears, root vegetables,

rye bread and oatmeal). Similar to a previous study (32), we

replaced rye bread with wholegrain bread because informa-

tion on rye bread specifically was not included in the FFQ.

The sex-specific medians for consumption of each food

group were calculated (see Supporting information,

Table S1). Participants with a dietary intake equal to or

above the median intake were given one point for each of

the six food groups, and zero points were given for

intakes below the median. The median intake for oatmeal

was zero g day�1 for both women and men because more

than 50% of the cohort did not consume oatmeal.

Instead, participants with any intake received one point.

Accordingly, one point was assigned for the following

reported daily intakes for men: fish ≥103 g, cabbages

≥27 g, apples and pears ≥38 g, root vegetables ≥48 g, oat-

meal ≥1 g, whole grain bread ≥2 slices (80 g). For

women, one point was given for daily intakes: fish ≥78 g,

cabbages ≥27 g, apples and pears ≥38 g, root vegetables

≥50 g, oatmeal ≥1 g, whole grain bread ≥3 slices (120 g).

The total score was summed up for each participant

who could achieve a maximum score of six points (see

Supporting information, Table S2). To ensure a sufficient

number of cases within each exposure category, the sex-

specific scores were further categorised into three adher-

ence groups: low (0–1 points), medium (2–3 points) and

high (4–6 points) adherence.

Laboratory analyses and assessment of other covariates

Demographic, clinical and routine laboratory data were

obtained by study personnel at the two study centres, as

Figure 1 Flow of included and excluded patients to

the current study cohort. ACS, acute coronary

syndrome; FFQ, food frequency questionnaire.
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described previously (33). Standard blood laboratory

parameters were analysed from fresh samples in accor-

dance with routine protocols at the hospital laboratories

and the analytical information on measurements of

apolipoprotein A1, apolipoprotein B, cotinine and low-

density lipoprotein cholesterol is described in detail else-

where (27).

Diabetes mellitus was classified in accordance with the

existing diagnosis (prevalent diabetes either yes or no) or

based on baseline fasting serum glucose ≥7.0 mmol L�1

or nonfasting glucose ≥11.1 mmol L�1 (34). Smokers

include self-reported current smokers, those reported hav-

ing quit within the last 4 weeks and patients with plasma

cotinine ≥85 nmol L�1 at baseline (35). Left ventricular

ejection fraction was determined by ventriculography or

echocardiography; values <50% were classified as

impaired systolic function. The extent of CAD was angio-

graphically graded as nonsignificant stenosis (luminal

narrowing <50%), or as having single-, double- or triple-

vessel disease (36).

Endpoints and follow-up

The study endpoints were fatal and nonfatal AMI, cardio-

vascular and all-cause death. Patients were followed until

1 January 2010 for AMI events through the Cardiovascu-

lar Disease in Norway project (CVDNOR www.cvdnor.

no) (37,38) and until 1 January 2013 for cardiovascular

and total death through the Norwegian Cause of Death

Registry. The incidence of cardiovascular death included

deaths coded as I00 to I96 or R99 according to the Inter-

national Classification of Disease, 10th Revsison (39).

Statistical analysis

Baseline and dietary variables are reported as the mean

(SD), medians (25th and 75th percentiles) or proportions

as appropriate. Dietary intakes of macronutrients are pre-

sented as proportions of total energy intake, whereas

intakes of food items are given as densities

(g 1000 kcal�1). All participants were ranked according

to the three HNFI adherence groups (0–1, 2–3 and 4–6
points). An association between the HNFI adherence

groups and baseline variables was assessed using linear

regression for continuous variables and logistic regression

or chi-squared for categorical variables (Table 1).

Associations between adherence to the HNFI and sub-

sequent risk of endpoints during follow-up were evalu-

ated by Cox proportional hazard models. Risk

associations were explored by comparing the two highest

HNFI groups with the lowest adherence group (0–1
points) and by linear trends across these groups, as well

as according to the HNFI score. Hazard ratios (HRs) and

95% confidence intervals (CI) are reported. For the end-

point AMI, analyses were repeated for fatal and nonfatal

AMI, separately.

Three different models are presented for each outcome.

A basic model was controlled for age and sex (Model 1).

Additionally, we adjusted for energy intake (Model 2) to

reduce confounding by differences in energy intake. In

Model 3, we further adjusted for alcohol intake (g/day/

1000kcal) and clinically relevant covariates: diabetes melli-

tus (yes/no); hypertension (yes/no); physical activity

(never; 1 day week�1; 2–3 times week�1; at least

4 days week�1); current smoking (yes/no); and use of sta-

tins at discharge form hospital (yes/no). Additional

adjustment for waist circumference, acetylsalicylic acid,

angiotensin-converting enzyme inhibitors and/or angio-

tensin receptor blockers, b-blockers, loop diuretics, left

ventricle ejection fraction, plasma concentration of

cholesterol, and a history of percutaneous coronary inter-

vention did not affect the estimates (data not shown);

thus, these factors were not included in the final analyses.

Kaplan–Meier survival plots were applied to illustrate

the survival time for sex-specific outcomes. Statistical

analyses were performed using SPSS, version 24 (IBM

Corp., Armonk, NY, USA). P < 0.05 was considered sta-

tistically significant.

Results

Baseline characteristics

Characteristics are presented across the three HNFI

adherence groups (Table 1). Overall, 19.4% of patients

were classified as having low adherence (0–1 points),

44.7% as having medium adherence (2–3 points) and

35.9% as having high adherence (4–6 points). The age of

subjects at inclusion ranged from 28 to 85 years, with a

mean (SD) age of 61.7 (10) years.

Participants who scored high on the HNFI were older

(P = 0.001), more likely to be men (P = 0.02), physically

active (P = 0.002) and to have a lower serum total

cholesterol (P < 0.001), low-density lipoprotein choles-

terol (P < 0.001), apolipoprotein B (P < 0.001) and

triglycerides (P = 0.01). These patients were also less

likely to be current smokers (P < 0.001), to have a his-

tory of percutaneous coronary intervention (P = 0.002)

and to have a reduced ejection fraction <50% (P = 0.01).

Acetylsalicylic acid (89%), statins (88%) and b-blockers
(77%) were used by a majority of the participants after

baseline coronary angiography. Participants with high

HNFI adherence were less likely to use loop diuretics

(P = 0.01).

High adherence to the HNFI corresponded to higher

intakes of total energy, higher energy percentage (E%)

from proteins and carbohydrates (P < 0.001 for all). As
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Table 1 Baseline characteristics of patients with stable angina pectoris

Characteristics Total

Healthy Nordic Food Index groups

P-trend†0–1 (lowest) 2–3 4–6 (highest)

Patients, n (%) 2019 392 (19.4) 903 (44.7) 724 (35.9)

Age (years) 61.8 (9.7)* 60.1 (10.3) 62.0 (10.1) 62.4 (8.8) 0.001

Male sex, n (%) 1610 (79.7) 309 (78.8) 698 (77.3) 603 (83.3) 0.03

Body mass index (kg m–²) 26.4 (3.7)* 26.4 (4.1) 26.3 (3.7) 26.4 (3.7) 0.62

Waist circumference (cm) 96.4 (11)* 96.3 (11.9) 96.1 (10.5) 96.9 (11.4) 0.27

Cardiovascular history, n (%)

Percutaneous coronary intervention 452 (22.4) 108 (27.6) 204 (22.6) 140 (19.3) 0.002

Coronary artery bypass graft surgery 290 (14.4) 49 (12.5) 126 (14.0) 115 (15.9) 0.11

Acute myocardial infarction 867 (42.9) 190 (48.5) 373 (41.3) 304 (42.0) 0.08

Coronary risk factors, n (%)

Hypertension 958 (47.4) 167 (42.6) 441 (48.8) 350 (48.3) 0.060

Diabetes mellitus‡ 622 (30.8) 111 (28.3) 289 (32.0) 222 (30.7) 0.29

Current smoker§ 593 (29.4) 159 (40.6) 265 (29.3) 169 (23.3) ˂0.001

Physical activity¶:

Never 109 (5.4) 29 (7.4) 52 (5.8) 28 (3.9) 0.002

1 day week�1 375 (18.6) 95 (24.2) 169 (18.7) 11 (15.3)

2–3 times week�1 641 (31.9) 105 (26.8) 281 (31.1) 255 (35.2)

At least 4 days week�1 462 (23.0) 80 (20.4) 205 (22.7) 177 (24.4)

Clinical diagnosis before baseline coronary angiography, n (%)

Left ventricular ejection

fraction <50%, n (%)

268 (13.3) 69 (17.6) 115 (12.7) 84 (11.6) 0.01

Extend of CAD at baseline coronary angiography, n (%)

Nonsignificant CAD 248 (12.3) 55 (14.0) 124 (13.7) 69 (9.5) 0.13

Single-vessel disease 569 (28.2) 111 (28.3) 251 (27.8) 207 (28.6)

Double-vessel disease 549 (27.2) 110 (28.1) 244 (27.0) 195 (26.9)

Triple-vessel disease 653 (32.3) 116 (29.6) 284 (31.5) 253 (34.9)

Serum lipids at baseline

coronary angiography

Total cholesterol (mmol L�1) 5.1 (1.2)* 5.2 (1.6) 5.1 (1.3) 4.9 (1.1) ˂0.001

Low-density lipoprotein

cholesterol (mmol L�1)

3.1 (1.0)* 3.2 (1.1) 3.1 (1.0) 3.0 (1.0) ˂0.001

High-density lipoprotein

cholesterol (mmol L�1)

1.3 (0.4)* 1.3 (0.4) 1.3 (0.5) 1.3 (0.3) 0.98

Apolipoprotein B (g L�1)k 0.85 [0.71 and 1.02] 0.87 [0.73 and 1.06] 0.85 [0.72 and 1.02] 0.82 [0.69 and 1.00] ˂0.001

Apolipoprotein A1 (g L�1)k 1.27 [1.10 and 1.44] 1.24 [1.09 and 1.44] 1.28 [1.11 and 1.46] 1.26 [1.11 and 1.42] 0.66

Triglycerides (mmol L�1)k 1.53 [1.10 and 2.20] 1.59 [1.14 and 2.35] 1.59 [1.10 and 2.20] 1.48 [1.09 and 2.12] 0.01

Inflammation markers and renal function at baseline coronary angiography

C-reactive protein (mg L�1)k 1.65 [0.81 and 3.27] 1.90 [0.96 and 3.69] 1.77 [0.86 and 3.36] 1.34 [0.73 and 2.81] 0.06

eGFR (mL min�1) 89.7 (15.4)* 90.6 (17.0)* 89.3 (15.5)* 89.8 (14.3)* 0.57

Medications after baseline coronary angiography, n (%)

Acetylsalicylic acid 1801 (89.2) 347 (88.5) 810 (89.7) 644 (89.0) 0.92

Statins 1783 (88.3) 339 (86.5) 797 (88.3) 647 (89.4) 0.16

b-blockers 1547 (76.6) 310 (79.1) 681 (75.4) 556 (76.8) 0.54

ACE inhibitors and/or ARBs 403 (20.0) 82 (20.0) 174 (19.3) 147 (20.3) 0.48

Loop diuretics 187 (9.3) 49 (12.5) 83 (9.2) 55 (7.6) 0.01

ACE, angiotensin converting enzyme; ARBs, angiotensin receptor blockers; CAD, coronary artery disease; eGFR, estimated glomerular filtration rate.

*Data are the mean (SD) (all such values).
†P-trend for Healthy Nordic Food Index groups 0–1, 2–3 and 4–6. Calculated with use of linear regression for continuous variables, logistic regres-

sion and chi-squared for categorical variables.
‡Diabetes, diagnosed or assessed according to baseline serum glucose levels ≥7.0 or a nonfasting glucose ≥11.1 mmol L�1.

§Current smoker, based on self-report and cotinine levels >85 (includes ex-smokers <1 month).
¶Missing, n = 432 (21.4%); 0–1 = 79 (20.4%); 2–3 = 194 (21.5%); 4–6 = 151 (20.9%).
kMedian and percentiles [25th and 75th].
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expected, high adherence was associated with a higher

consumption of dietary fibre (P < 0.001), fish

(P < 0.001), whole grain bread (P < 0.001), vegetables

(P < 0.001) and fruit/ berries (P < 0.001). All intake was

energy adjusted. A high HNFI score was also associated

with a lower E% consumption of total fat (P < 0.001),

saturated fatty acids (SFA) (P < 0.001) and monounsatu-

rated fatty acids (P < 0.001), as well as lower intake of

processed meat (P < 0.001), cheese (P = 0.002), butter

(P < 0.001) and white bread (P < 0.001). All food items

were energy adjusted (Table 2).

Adherence to the Healthy Nordic diet and outcomes

Median (25th and 75th percentiles) length of follow-up

was 10.5 (9.3 and 11.7) years for mortality outcomes and

7.5 (6.3 and 8.7) years for AMI. A total of 171 partici-

pants died as a result of cardiovascular disease, 380 died

from any cause and 307 patients experienced at least one

nonfatal or fatal AMI.

No significant association between adherence to the

HNFI and the incidence of total AMI (Table 3) or for

nonfatal and fatal AMI separately (see Supporting infor-

mation, Table S3) was detected. For cardiovascular death,

a reduced risk was detected per 1-point increment in the

index [HR (95% CI) = 0.90 (0.81–1.01)], although this

was statistically insignificant. For all-cause death, a signifi-

cantly reduced risk association was observed both in the

linear estimates [HR (95% CI) = 0.91 (0.84–0.98)] and

across adherence categories when comparing the highest

versus the lowest adherence group [HR (95% CI) = 0.70

(0.52–0.95)] (Table 3).

Table 2 Baseline daily dietary intake for patients with stable angina pectoris calculated from a food frequency questionnaire

Dietary intake All n = 2019

Healthy Nordic Food Index groups

P-trend†
0–1 (lowest)

n = 392 2–3 n = 903

4–6 (highest)

n = 724

Energy (MJ [kcal]) 8.77 (2.65)

[2095 (633)]*

7.69 (2.57)

[2095 (633)]

8.48 (2.54)

[2095 (633)]

9.71 (2.51)

[2095 (633)]

<0.001

Nutrients (E%)‡

Total fat 31.3 (5.4) 33.0 (5.7) 31.3 (5.4) 30.4 (5.0) <0.001

Saturated and trans fat 11.5 (2.6) 12.5 (2.8) 11.7 (2.6) 10.9 (2.3) <0.001

Monounsaturated fat 10.1 (1.9) 10.6 (2.0) 10.1 (1.9) 9.8 (1.8) <0.001

Polyunsaturated fat 7.1 (1.9) 7.2 (2.2) 7.0 (1.9) 7.1 (1.8) 0.7

Protein 16.9 (2.6) 16.3 (2.5) 16.8 (2.6) 17.4 (2.4) <0.001

Carbohydrate 49.7 (6.4) 48.4 (6.4) 49.8 (6.6) 50.3 (6.0) <0.001

Dietary fibre§ 12.2 (3.2) 10.1 (2.7) 12.0 (2.9) 13.6 (3.2) <0.001

Food items (g day�1 1000 kcal�1)

Fish¶ 53.5 (28.3) 39.6 (23.3) 51.4 (28.5) 63.7 (26.7) <0.001

Olive oil 0.28 (0.29) 0.29 (0.33) 0.31 (0.30) 0.33 (0.24) 0.03

Red meat 25.7 (14.1) 26.8 (16.0) 25.3 (13.7) 25.5 (13.5) 0.2

Processed meat 28.8 (15.6) 33.4 (18.1) 29.5 (15.3) 25.4 (13.6) <0.001

Cheese 13.2 (11.8) 14.4 (13.3) 13.6 (12.2) 12.2 (10.4) 0.002

Milk 152 (109) 162 (125) 151 (109) 148 (98.0) 0.06

Butter and margarine 2.7 (3.9) 3.2 (5.0) 2.8 (3.9) 2.2 (3.1) <0.001

Egg 8.4 (6.1) 9.3 (7.1) 8.7 (6.3) 7.4 (5.0) 0.06

Potatoes 64.4 (33.8) 64.6 (38.0) 66.4 (35.0) 61.6 (29.3) <0.001

White bread 37.2 (36.8) 61.7 (40.7) 38.3 (36.4) 22.5 (26.4) <0.001

Whole grain bread 55.0 (46.7) 32.5 (47.5) 53.8 (47.8) 68.5 (39.3) <0.001

Vegetables 105 (74.1) 66.0 (48.3) 101 (71.5) 133 (77.9) <0.001

Fruits and berries 83.5 (63.7) 53.7 (50.1) 81.9 (62.8) 102 (64.9) <0.001

Cakes 13.4 (12.4) 12.6 (11.9) 13.5 (12.6) 13.9 (12.4) 0.1

Sugar and sweets 4.7 (6.1) 5.4 (6.8) 4.7 (6.2) 4.2 (5.4) 0.001

Alcoholk 1.4 [<0.001 and 2.4] 1.34 [<0.001 and 4.4] 1.43 [<0.001 and 4.1] 1.44 [0.08 and 3.8] 0.02

*Mean (SD) (all such values).
†Calculated by using linear regression. P-trend for Healthy Nordic Food Index (HNFI) groups 0-1, 2-3 and 4-6.
‡E%, percentage of total energy.
§Estimated in g day�11000 kcal�1.

¶Includes fish and shellfish.
kMedian and percentiles [25th and 75th].
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In analyses stratified by sex (see Supporting informa-

tion, Table S4), we observed no significant interaction by

sex for AMI. However, there was a significant interaction

by sex for cardiovascular (P = 0.004) and all-cause death

(P < 0.001), with stronger protective effects of a high

HNFI adherence among women than for men. The crude

event-free survival time for each outcome stratified by sex

is shown in the Supporting information (Fig. S1). The

Kaplan–Meier curves were significantly different only for

all-cause death.

Discussion

To our knowledge, this is the first study evaluating the

HNFI with respect to clinical outcomes in patients with

established CAD. In this prospective cohort study among

Norwegian men and women with stable angina pectoris, a

higher adherence to the HNFI was statistically significantly

associated with a reduced mortality risk. A similar associa-

tion was detected for cardiovascular death. However, no

significant association with the subsequent risk of AMI was

detected. For both CVD and total death, we observed a sig-

nificant modification by sex, with a stronger and more pro-

tective effect of a high HNFI adherence among women.

We observed distinct associations between adherence to

the HNFI score groups and other dietary habits. In par-

ticular, participants with a high adherence to the HNFI

had a significantly lower percentage intake of fat and a

higher fibre intake than those with a low adherence. Con-

currently, they had lower SFA intake as a result of a lower

intake of SFA-containing foods such as butter, cheese,

milk and processed meat. Although their intake of sugar

and sweets was low, they had higher intakes of vegetables,

fruit and berries, and whole grain bread, contributing to

the high fibre intake in those with a high adherence.

These differences in the mentioned food items were

expected as a result of the construction of the dietary

index (22).

A high intake of whole grains has been reported to be

protective against CVD (40); a high intake of fruits and

Table 3 Adjusted hazard ratios (HRs) [95% confidence interval (CI)] for acute myocardial infarction (AMI), cardiovascular death and all-cause

death according to level of adherence to the Healthy Nordic Food Index (HNFI) for stable angina pectoris patients*

Events, n Model 1† HR (95% CI) Model 2‡ HR (95% CI) Model 3§ HR (95% CI)

AMI 307

HNFI – linear estimate¶ 0.95 (0.86–1.05) 0.97 (0.89–1.05) 0.99 (0.91–1.08)

P for trend 0.32 0.47 0.84

HNFI – categories

0–1 points (reference) 70 1.00 1.00 1.00

2–3 points 135 0.81 (0.61–1.09) 0.85 (0.63–1.14) 0.88 (0.65–1.18)

4–6 points 102 0.76 (0.56–1.03) 0.83 (0.60–1.14) 0.90 (0.65–1.25)

P for trendk 0.16 0.28 0.59

Cardiovascular death 171

HNFI – linear estimate¶ 0.85 (0.77–0.94) 0.87 (0.78–0.96) 0.90 (0.81–1.01)

P for trend 0.002 0.009 0.06

HNFI – categories

0–1 points (reference) 38 1.00 1.00 1.00

2–3 points 84 0.83 (0.56–1.21) 0.86 (0.58–1.26) 0.92 (0.62–1.36)

4–6 points 49 0.56 (0.37–0.86) 0.61 (0.39–0.96) 0.71 (0.45–1.11)

P for trendk 0.005 0.024 0.17

All-cause death 380

HNFI – linear estimate¶ 0.87 (0.81–0.93) 0.87 (0.81–0.94) 0.91 (0.84–0.98)

P for trend ˂0.001 ˂ 0.001 0.009

HNFI – categories

0–1 points (reference) 84 1.00 1.00 1.00

2–3 points 184 0.83 (0.64–1.08) 0.84 (0.65–1.10) 0.91 (0.70–1.19)

4–6 points 112 0.59 (0.44–0.78) 0.61 (0.45–0.82) 0.70 (0.52–0.95)

P for trendk ˂0.001 0.001 0.017

*CIs were calculated with use of Cox proportional hazards; n = 2019.
†Adjusted for age and sex.
‡Adjusted for age, sex and total energy intake.
§Adjusted for age, sex, total energy intake, alcohol intake, diabetes, hypertension, physical activity, current smoking and statin treatment.
¶From linear estimates (per 1-point higher score).
kFrom linear analysis, calculated across adherence categories.
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berries as well as vegetables has been associated with

low CVD and mortality risk (41,42). Moreover, patients

with a high HNFI also had lower blood lipids despite

similar exposure to statins. A low intake of SFA was one

of the most obvious dietary differences between patients

with high versus low adherence. In addition, partici-

pants with a high adherence had a higher intake of fish,

as also associated with low CVD risk and low mortality

risk (3,43).

Participants with a high versus a low adherence to the

HNFI were different with regard to several cardiovascular

risk factors and lifestyle characteristics. They were less

likely to be smokers and were physically more active than

those with a low adherence. The latter may explain why

participants with a high adherence had a body mass index

similar to those with a low adherence despite a higher

energy intake. A similar finding was reported by Roswall

et al. (22) in healthy participants. Because data on physical

activity were self-reported, it was not possible to calculate

the energy cost of these extra activities. However, this

highlights the importance of physical activity being asso-

ciated with low mortality (44–46).

To summarise, positive associations with lifestyle fac-

tors in combination with a healthy diet may explain the

observed inverse association between HNFI adherence

and cardiovascular and total mortality. However, the lack

of any effect of the HNFI on AMI occurrence is difficult

to explain, although it may be a result of the extensive

treatment with statins. There was limited power to detect

significant differential associations between HNFI and the

outcomes fatal and nonfatal AMI separately because of a

low number of fatal AMIs.

Our results for outcomes of cardiovascular death and

all-cause death are in line with several other studies on

the HNFI conducted mainly in healthy subjects (14,32,47).

However, our findings with respect to the outcomes of

AMI are in contrast to those of a recent Danish study

based on a healthy population, in which it was shown

that high adherence to the HNFI was associated with a

lower risk of myocardial infarction among both men and

women (23).

Compared to the HNFI, there is ample evidence that a

Mediterranean Diet score is protective against CVD mor-

bidity and mortality primarily in the general population.

Studies of the Mediterranean Diet have been conducted

in several settings around the world (48–51) and have

mostly reported significant reductions in risk of coronary

heart disease (10), CVD progression (52), AMI (50) and

mortality (13). A recent review by Mattioli et al. (52)

declared that there is insufficient evidence for any clear

positive effects as a result of following a Mediterranean

Diet on CVD outcomes among patients with established

coronary heart disease.

By contrast to the HNFI, the Mediterranean Diet score

includes nine food groups and nutrients that are either

positively or negatively associated with health effects (53).

Some of these food groups, which are traditionally highly

consumed in the Mediterranean areas, in particular, olive

oil and legumes, are consumed at very low levels in the

Nordic countries (compare Table 2 for olive oil intake in

our population). In comparison to the Mediterranean

index, the HNFI may capture only partly a Healthy Nor-

dic diet because it does not contain any information on

intake of meat and edible oils. Thus, the absence of cer-

tain food items or nutrients that contribute to energy

intake clearly features some limitations with respect to

this index. This might explain why we did not identify

any association between HNFI adherence and AMI.

Nutraceuticals have been described as useful com-

pounds that are able to reduce the overall cardiovascular

risk caused by dyslipidaemia by acting in parallel to sta-

tins or as adjuvants in the case of failure or in situations

where statins cannot be used (54). However, the underly-

ing mechanisms are not fully understood but may be

related to reducing 7a-hydroxylase, decreasing 3-hydroxy-

3-methylglutaryl-CoA reductase mRNA levels, reducing

the secretion of very low-density lipoprotein or increasing

the faecal excretion of cholesterol (54). As described by

Scicchitano et al. (54), nutraceuticals are presented at high

levels in fish, fruits and vegetables. Because these food

items form the basis for the HNFI (fish, apples and pears,

root vegetables and cabbages), they may possibly play a

part in the associations between the HNFI and outcomes.

Future studies should thus explore whether risk

associations of the HNFI may be mediated by

nutraceuticals.

One particularly strong feature of the present study was

the inclusion of both men and women. We observed a

significantly stronger inverse association between the

HNFI and mortality in women compared to men. This

should motivate future studies on sex differences of diet-

ary patterns in relation to CVD development. Moreover,

linkage to the CVDNOR project and the Cause of Death

registry assured an almost complete follow-up. Other

strengths included detailed information on potential con-

founders such as lifestyle, cardiovascular history and the

results from cardiac examinations, as well as medication.

However, the information on lifestyle was self-reported

and information bias cannot be ruled out. Use of the

FFQ is easy, even for large populations, in that it requires

simple administration, has a rather low respondent bur-

den and may capture foods eaten rarely.

Some limitations of the present study also need to be

addressed. Dietary intake was only assessed at baseline,

and dietary habits may have changed during the long fol-

low-up period and not been captured by the analysis. In
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general, data obtained from the FFQ have the potential to

be limited by the foods included, as well as by misclassifi-

cation of dietary intake and estimation of portion sizes.

The FFQ also has less sensitivity compared to a 24-h diet-

ary recall (55). However, to capture the usual diet, more

than one 24-h diet recall would have been required,

which was by far beyond the capacity of the study centre.

Because our study originally included more than 3000

patients, administering a FFQ is the only method for

obtaining valid data on habitual diet. This is in line with

other studies on dietary patterns, including the Mediter-

ranean diet amongst others (13,14,22,23). In addition, the

FFQ that was used has been validated previously (28–31).

Furthermore, the willingness of the participants to pro-

vide information on a realistic dietary consumption can be

biased; for example, obese individuals and especially women

often under-report their total energy intake (56). Because the

majority of participants were men (81%), this factor may

be less important for the present study. Notably, the stron-

gest risk associations were observed among women, suggest-

ing that misclassification of data relevant to the HNFI was

not a greater problem in women. Furthermore, we observed

no association between the HNFI and waist circumference,

which therefore did not materially influence our results.

Because our study started before the HNFI was developed
(14), the FFQ used in the present study was not specifically

developed for use of the HNFI index. This is illustrated by

the replacement of rye bread in the original index by whole

grain bread in our analysis. Certainly, rye bread is common

in Denmark but not in Norway (57–59).

We only had self-reported data on physical activity and

a larger proportion (21.4%) had missing information.

Furthermore, self-reported data on physical activity may

not be accurate and reliable and have been shown to

result in both higher and lower levels of physical activity

than actually measured directly (60). Thus, residual con-

founding because of inadequate data ragarding physical

activity cannot be excluded. Finally, the potential effect

modification by physical activity should be evaluated in

future studies. Data on socio-economic status were not

available for the majority of the study participants and

this might have increased the probability for residual con-

founding by non-nutritional factors.

Because the present study cohort consisted mainly of

elderly male patients who had established atherosclerotic

disease and were therefore being treated with various

medications, the results may not be generalised to a

younger or a healthy, general population.

In conclusion, adherence to the HNFI was associated

with low risk of mortality among patients with stable

angina pectoris. There was no significant association with

risk of AMI. This highlights the importance of dietary

habits in this patient group, with other dietary patterns

besides the Mediterranean Diet possibly having positive

health effects in these patients. However, the HNFI may

need further refinement to provide a more representative

dietary profile.
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Abstract

Background: A high adherence to healthy dietary patterns, such as an alter-

native healthy eating index (AHEI), has been suggested to have protective

effects on bone mineral density and to decrease the incidence of fractures,

although the evidence for this is not clear. We conducted a dose–response
meta-analysis of available observational studies aiming to assess the associa-

tion between adherence to a healthy dietary pattern, as assessed by the AHEI

score, and risk of hip fracture in the general population.

Methods: Studies published up to March 2018 were identified on the basis

of a literature search in PubMed, Scopus and ISI Web of Science databases

using Mesh and non-Mesh relevant keywords. Relative risks (RRs) with

95% confidence intervals (CIs), the linear and nonlinear relationships were

calculated using random-effects models.

Results: In the meta-analysis of five effect sizes, as obtained from four stud-

ies (265 771 participants with 6938 cases of incident hip fracture), we found

that a higher AHEI score was associated with a 31% reduced risk of hip

fracture (pooled RR = 0.69; 95% CI = 0.52–0.91) in high versus low intake

meta-analysis. In addition, there were inverse relationships between AHEI

score and risk of hip fracture, such that a five-unit increase in the score of

AHEI was associated with a reduction in the risk of hip fracture in linear

(pooled RR = 0.97; 95% CI = 0.95–0.99) and nonlinear (Pnonlinear-

ity < 0.001) models, respectively.

Conclusions: Adherence to the AHEI (as an indicator of diet quality) was

associated with a reduced risk of hip fracture.

Introduction

Osteoporotic fractures are associated with increased mor-

bidity and mortality, which impose a substantial socio-

economic burden both on the affected individual and

healthcare services (1,2). Among possible fractures, hip

fracture has the most devastating consequences (3,4).

About half of these lead to a permanent disability, and

approximately 20% of them are fatal (4). The World

Health Organization predicts that, between 2000 and

2050, the worldwide prevalence of hip fractures will

increase from 1.66 to 6.64 million (5). Therefore,

identifying appropriate approaches that aim to prevent

the risk of hip fractures is necessary.

The pathogenesis of hip fracture is multifactorial and

includes skeletal and nonskeletal risk factors (6). Earlier

studies have shown that impaired bone strength or a

decline in bone mineral density (BMD) and injuries to

bones all contributed to hip fracture (4). Several factors,

including changes in hormone levels, taking certain medi-

cations and lifestyle, have an effect on BMD and therefore

affect hip fracture (1,7). Among various lifestyle factors,

nutrients and dietary components have been suggested to

have favourable impacts on bone health (2,8). Previous
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research has suggested that a healthy dietary pattern, rich

in dairy products, fruits and vegetables, is associated with

less bone resorption, and a poor dietary pattern full of

refined sugar, red and processed meat is associated with a

lower BMD (6,8–12).

Several types of diet quality indices have been used to

determine whether dietary factors are predictive of hip

fracture incidence (13). Among these indices, the Alterna-

tive Healthy Eating Index (AHEI) is the most frequent

and validated index of diet quality (14,15). The AHEI eval-

uates the association between nutrient and dietary pattern

with respect to a disease or health-related condition (14).

Three observational studies demonstrated an inverse asso-

ciation between adherence to the AHEI and risk of hip

fracture (8,13,16), whereas others did not find any

association (13,17).

Although there is some evidence for the association

between AHEI scores and hip fractures, to the best our

knowledge, no previous study has summarised the findings

in this regard. Therefore, the present study aimed to sys-

tematically review the current evidence on the association

between adherence to the AHEI and risk of hip fracture.

Materials and methods

Protocol

This systematic review was planned, conducted and

reported in adherence to the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA)

standards of quality for reporting meta-analyses (18).

Search strategy

We searched the ISI Web of Science, PubMed and Scopus

to identify eligible articles published in English up to

March 2018. The following search keywords were used:

(‘alternative healthy eating index’ OR ‘eating indices’ OR

AHEI) AND (osteoporosis OR ‘bone mineral density’ OR

BMD OR ‘bone mineral content’ OR ‘fracture’ OR ‘bone

diseases’).

Initially, title and abstracts were screened by two

authors (BP and MP) and potentially relevant articles

were retrieved. Then, full texts were screened for inclu-

sion and exclusion criteria. The search strategy was com-

pleted independently by two of the authors (MP and AS)

and by screening the reference lists of qualified articles.

Any disagreement concerning study selection or data

extraction was resolved through consensus meetings.

Eligibility criteria

Articles found through ISI Web of Science, PubMed and

Scopus searches were included in this dose–response

meta-analysis based on the following inclusion criteria: (i)

papers published in English; (ii) observational studies car-

ried out on human subjects; (iii) exposure of interest

comprising AHEI scores but where the outcome of inter-

est was the risk of hip fracture; and (iv) risk ratio [rela-

tive risks (RRs)/odds ratios/hazard ratios and 95%

confidence intervals (CIs)] being reported or possible to

calculate. Review articles, case reports, theses, books and

expert opinion articles were excluded. Multiple reports

from the same cohort study were reviewed, and articles

with the longest follow-up were included.

Study selection

Observational studies addressing the relationship between

AHEI scores and risk of hip fractures were chosen for

examination in this systematic review and dose–response
meta-analysis.

Data extraction and assessment for study quality

Two authors (BP and MP) extracted the following infor-

mation from the included studies: the first author’s name,

the year of publication, study design, sample size, age and

gender of participants, the period of follow-up for cohort

studies, exposure (AHEI scores), outcome (the risk of hip

fracture), exposure and outcome assessment methods,

most adjusted risk estimate with their corresponding 95%

confidence intervals and adjusted confounding variables.

When separate effect sizes for male and female partici-

pants were available in one study, we pooled the risk esti-

mates using a fixed effect model before inclusion in the

meta-analysis.

The Newcastle–Ottawa Scale (NOS) was used for

assessing the quality of the included studies based on the

following three major components: selection of the study

participants, adjustment for confounding variables and

assessment of outcome (19). Higher NOS scores indicate

better methodological quality.

Statistical analysis

The RRs and 95% CIs were considered as the effect size

of all studies. For high versus low categories and linear

dose–response meta-analyses, the fixed-effects or the ran-

dom-effects model was used to calculate the summary

risk estimate and 95% CIs and to account for heterogene-

ity with respect to associations between the AHEI scores

and risk of hip fracture (20). To explore heterogeneity

between studies, we performed a chi-squared test (with

I2 > 50% considered to be heterogeneity) (21). Moreover,

to identify sources of heterogeneity, we stratified the

meta-analysis by subgroups. The method of Greenland
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and Longnecker was used for the linear dose–response
meta-analysis (22–24). The unit of exposure (AHEI scores)

was defined as 5 scores day�1. A distribution of partici-

pants, cases and risk estimates across different categories

of AHEI scores is needed for this method. Using the ran-

dom-effects model, study-specific results were combined.

The median point in each category of AHEI score was

assigned. If medians were not reported, we estimated

medians using the midpoint of the lower and upper

bounds. If the highest category was open-ended, we con-

sidered it to have the same width as the closest category.

The lower bound was considered equal to zero if the low-

est category was open-ended. For those categories for

which the mean of each category was reported, we con-

sidered the mean to be the same as the median.

The nonlinear relationships between AHEI scores and

risk of hip fractures were examined nonparametrically

with stepwise restricted cubic splines at fixed percentiles

(5%, 35%, 65% and 95%) of the distribution (25). Then,

the study-specific estimates were combined using the

restricted maximum-likelihood method in a multivariate

random-effects meta-analysis (26). A P-value for nonlin-

earity of the meta-analysis was calculated by testing the

null hypothesis that the coefficient of the second spline

was equal to zero. Furthermore, sensitivity analyses were

performed to investigate the impact of each study on the

overall results. The publication bias was explored using

Egger0s test (27). All statistical analyses were conducted

using STATA, version 14.0 (StataCorp, College Station, TX,

USA).

Results

Search results

The search strategy resulted in the identification of 1239

articles. Of these, 289 duplicates, 87 nonhuman, 108

non-English, 52 clinical trials, 153 reviews and 384 stud-

ies that did not fulfill our inclusion/exclusion criteria

were identified and eliminated, leaving 166 for further

consideration. The other 162 studies were excluded for

the following reasons: 85 studies examined the associa-

tion between dietary factors other than AHEI score and

risk of fracture; 43 studies assessed the association

between dietary supplements and risk of fracture; and

34 studies examined the association between serum

biomarkers and fracture risk. In total, four articles met

the eligibility criteria and were included in the system-

atic review (Table 1). Of these, five effect sizes, obtained

from four cohorts and one case–control study regarding

the association between AHEI scores and risk of hip

fracture, were selected for the dose–response meta-analy-

sis. The outline of the search strategy is summarised in

Fig. 1.

Study characteristics

Three of the included articles (four effect sizes) used a

cohort design (8,13,17) and one was a case–control
study (16). Two of the studies were conducted in the

USA (13,17), one in China (16) and one in Singapore (8).

The sample size of studies varied from 1452 to 90 014.

Three studies included both genders (8,13,16) and one

study included only women (17). The duration of cohort

studies ranged from 9.9 to 32 years. All of the studies

used a food frequency questionnaire (FFQ) as a dietary

assessment tool. The risk of hip fracture was assessed by

self-reported questionnaires (13), medical records (8,17)

and X-ray images (16). All studies provided adjusted risk

estimates with 95% CIs. The NOS scores ranged from 6

to 9.

Alternative healthy eating index scores and risk of hip

fracture

Studies that assessed adherence to AHEI and risk of frac-

ture included 265 771 participants with 6938 cases of

incident hip fracture. In this dose–response meta-analysis

of five effect sizes, obtained from four studies, we found

that adherence to AHEI was associated with a 31%

reduced risk of hip fracture (pooled RR = 0.69; 95%

CI = 0.52–0.91, I2 = 89.8%, Pheterogeneity < 0.001) (Fig. 2).

In subgroup analysis by study location (the USA versus

Asia), we found that higher AHEI scores were associated

with a decreased hip fracture risk in the USA (pooled

RR = 0.90; 95% CI = 0.81–0.99) but not in Asia (pooled

RR = 0.38; 95% CI = 0.11–1.25), suggesting that ethnic

genetic background and lifestyle differences should be

considered. Furthermore, subgroup analysis by study

design (cohort studies versus case–control study) showed

that RRs estimated by cohort studies (pooled RR = 0.83;

95% CI = 0.71–0.97) tended to be higher and more

inconsistent than the overall results (pooled RR = 0.69;

95% CI = 0.52–0.91). In subgroup analysis by gender, we

found that higher AHEI scores were associated with a

decreased hip fracture risk in women (pooled RR = 0.90;

95% CI = 0.81–1.00) but not in men (pooled

RR = 0.88; 95% CI = 0.67–1.16) and both sexes (pooled

RR = 0.38; 95% CI = 0.11–1.25), suggesting that partici-

pant gender might influence the association between

nutrition and hip fracture risk.

Each additional daily 5 scores of AHEI were inversely

associated with risk of hip fracture (pooled RR = 0.97;

95% CI = 0.95–0.99, I2 = 90%, Pheterogeneity < 0.001,

n = 5). There was evidence of a nonlinear dose–response
association for hip fracture (Pnonlinearity < 0.001, n = 5).

The risk of hip fracture decreased with an increasing

intake of AHEI scores (Fig. 3).
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Sensitivity analysis and publication bias

Influence analyses showed that no study had a substantial

effect on the pooled RRs and 95% CIs (Fig. 4). We per-

formed Egger’s test to check for publication bias, which

showed no evidence of publication bias for the associa-

tion between AHEI scores and risk of hip fracture (P

value for Egger’s test, 0.189).

Discussion

Although bone mineral density and the risk of fractures

are determined by a combination of heritability, ageing,

hormonal factors and physical activity level, nutrition

plays an important role in bone health (28). In this dose–
response meta-analysis of four studies, we found that

increased adherence to AHEI was associated with a 31%

reduced risk of hip fractures. In the linear analysis, a neg-

ative relationship was present between the AHEI scores

and risk of hip fracture. Furthermore, there was a clear

indication for nonlinearity between the AHEI scores and

risk of hip fracture.

Our findings are in agreement with previous systematic

reviews and meta-analyses conducted mostly on Mediter-

ranean diet score, nutrient and food intake (7,28,29). The

Mediterranean diet and AHEI dietary measures have simi-

larities because both of them include fruits, vegetables

and whole grains, although there are also distinctive dif-

ferences (30–32). The Mediterranean diet promotes the

intake of fish and monounsaturated fat, largely from olive

oil, whereas the AHEI emphasises a low intake of sodium,

processed and red meats and a high intake of polyunsatu-

rated fatty acids. To the best of our knowledge, this is the

first systematic review and meta-analysis of previously

published studies to evaluate the association between

AHEI score and hip fracture risk.

In the linear dose–response analysis, we observed a 3%

reduction in the risk of hip fracture by each additional

daily 5 scores of AHEI. The nonlinear analyses showed

that the risk of hip fracture was reduced with increasing

AHEI scores. Multiple mechanisms have been proposed

to explain the beneficial effect of AHEI on bone health.

The high AHEI scores are typically characterised by a

high consumption of vegetables, fruit, whole grains or

fibre, nuts, legumes, fish or long-chain polyunsaturated

fatty acids, moderate alcohol intake, and a low consump-

tion of sugar-sweetened beverages, fruit juice, sodium,

processed and red meat (8,16). This type of diet is rich in

alkalinising cations (calcium, potassium and magnesium),

antioxidants (vitamins, minerals and phytochemicals with

antioxidant characteristics), vitamin K, folate and anti-

inflammatory compounds, such as long-chain n-3

polyunsaturated fatty acids, and poor in saturated fatty
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Titles and abstracts identified and 
screened 
(n = 1239)

Full-text articles assessed for eligibility 
(n = 166) 

Duplicate: 289 
Did not meet our inclusion criteria 

N = 87 non-Human 
N = 108 non-English 
N = 52 clinical trial 

N = 153 Review and Meta-Analysis 
N = 384 non Exposure or Outcome of 

interest 

Full-text articles excluded (n = 162) 
1. Examined the association between 
dietary factors such as fruits, vegetables, 
and risk of fracture (n = 85) 
2. Assessed the association between 
dietary supplements and risk of fracture 
(n = 43) 
3. Examined the association between 
serum biomarkers and fracture risk (n = 
34) 

Studies included in quantitative 
synthesis (meta-analysis) (n = 4) 

Figure 1 Flowchart of the study selection.

NOTE: Weights are from random effects analysis

Overall  (I-squared = 89.8%, P = 0.000)

Study

ID

Fung et al. (2018) (HPFS)

Zeng et al. (2014)

Dai et al. (2014)

Fung et al. (2018) (NHS)

Haring et al. (2016)

0.69 (0.52, 0.91)

ES (95% CI)

0.88 (0.67, 1.16)

0.20 (0.12, 0.33)

0.68 (0.58, 0.79)

0.87 (0.75, 1.00)

0.94 (0.81, 1.10)

100.00

%

Weight

19.35

13.40

22.35

22.56

22.35

0.121 1 8.29

Figure 2 Forest plot of observational studies of the risk of hip fracture for the highest versus lowest categories of alternative healthy eating index

score, using a random-effects model. CI, confidence interval; ES, effect size; NHS, US Nurses’ Health Study; HPFS, US Health Professionals Follow-

Up Study.
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acids (16). These nutrients are considered to be involved

in the aetiology of fractures.

For example, antioxidants that are abundant in veg-

etables and fruits can reduce oxidative stress, which is

important for osteoblastic differentiation (33–35). Long-

chain n-3 polyunsaturated fatty acids may benefit bone

structure and strength by increasing insulin-like growth

factor I levels, calcium absorption and lean body mass
(36–39). Conversely, saturated fatty acids from processed

and red meat may induce calciuria and deleteriously

affect osteoblast formation or bone mineralisation (40).

Epidemiological studies also suggested that tradi-

tional dietary patterns rich in vegetables, fruit, whole

grains, nuts, legumes and fish were associated with a

lower risk for fractures, and western dietary patterns

rich in saturated fat, red and processed meat were

associated with a higher risk for fractures (41–45). How-

ever, the evidence of a link between intakes of any

single dietary nutrients and fracture risk is not suffi-

ciently secure to make firm dietary recommendations,

with the exception of vitamin D and calcium. The

biological functions of these dietary components (vita-

mins, minerals and phytochemicals) are interdependent

in vivo (45,46).

Furthermore, the higher AHEI scores indicate that a

higher consumption of vegetables, fruit, whole grains,

legumes, nuts and long-chain n-3 fats and a low con-

sumption of sugar-sweetened beverages, fruit juices, red

and processed meat were associated with lower concentra-

tions of biomarkers of inflammation such as C-reactive

protein and interleukin-6 (47–49), which might reduce

osteoclast bone resorption rates and increase bone min-

eral density (50).

Additionally, a diet high in plant-based foods, such as

fruits and vegetables, may also have effects on the acid-

base status (8). Foods such as vegetables and fruit with a

low potential renal acid load may supply organic mole-

cules such as magnesium, potassium and bicarbonate to

decrease urinary excretion of calcium and improve min-

eral balance in the bone (51–53). By contrast, a diet high

in sucrose and animal fat impaired the density and

strength of bones, suggesting possible detrimental effects

from refined sugar and saturated fat on bone health (54–

56). Together, these mechanisms may explain our findings

indicating that healthy dietary patterns rich in plant-

based foods had a favourable effect on lowering fracture

risk.

P for nonlinearity <0.000

0.80

1.00

1.20

1.40
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re
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Alternative healthy eating index, scores per day

Figure 3 The nonlinear dose–response relationship between

alternative healthy eating index (AHEI) scores and risk of hip fracture.

The risk of hip fracture decreased with increasing intake of AHEI (as

an indicator of diet quality) scores.

C
oe

f.

Study omitted
11 2 3 4 5

–0.650386

–0.371812

–0.093238

Figure 4 Sensitivity analysis graph for included studies. The results of the sensitivity analysis showed that no study had an obvious influence on

the outcomes of this meta-analysis.
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Epidemiological evidence suggests that fracture rates

vary geographically (17). Genetic background and lifestyle

differences, including physical activity level and diet qual-

ity, may be part of the explanation for regional and local

discrepancies. Median age-standardised fracture rates are

highest in North America and Europe, followed by Asia,

Middle East, Oceania, Latin America and Africa (57). Glo-

bal indicators of health, socio-economic status and educa-

tion are positively correlated with fracture rates,

suggesting that lifestyles in developed countries might

contribute to hip fracture (57).

To the best of our knowledge, this is the first dose–re-
sponse meta-analysis to examine the relationship

between AHEI score and risk of hip fracture. This meta-

analysis has several strengths. The dose–response analysis

offers advantages over the conventional methodology. A

large sample size (265 771 participants with 6938 cases

of incident hip fracture) and a long duration of follow-

up (9.9–32 years) enhanced the statistical power of this

meta-analysis. However, the present study contains some

limitations. Misclassification of dietary intake could be a

great concern. Two studies assessed the AHEI score

based on self-administered FFQ (13,17), and some partici-

pants might change their dietary habits during follow-

up. Diagnosis and classification methods could result in

a misclassification bias for hip fracture. One study

assessed the incidence of hip fracture based on self-

reported questionnaires (13). Moreover, one study was a

case–control study (16) and thus was susceptible to mul-

tiple biases, such as selection bias, recall bias and referral

bias.

Conclusions

The findings from this meta-analysis indicate that

adherence to AHEI (as an indicator of diet quality) is

negatively and dose-dependently associated with hip

fracture risk.
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Abstract

Background: Guidance on choosing oral nutritional support strategies varies

and the evidence for different approaches is discordant. The present study

aimed to examine opinion and practice in the use of oral nutritional sup-

port amongst UK dietitians and to assess the factors that influence these

clinical decisions.

Methods: The study comprised a cross-sectional, anonymous, national sur-

vey of UK dietitians.

Results: There were 207 completed responses (3% response rate). More dieti-

tians reported using combined approaches (COMB) [n = 129 (62%)] over

food-based (FB) strategies [n = 70 (34%)] or oral nutritional supplements

(ONS) alone [n = 8 (4%)] (N = 207, P < 0.001). Intervention choice was

associated with clinical setting and clinical speciality; community dietitians

reported more frequent use of FB or ONS alone [n = 48 (59%)] versus

COMB [n = 34 (41%)] compared to acute dietitians [COMB: n = 83 (78%)

COMB versus FB or ONS alone: n = 24 (22%)] (N = 207, P < 0.0001). Spe-

cialist nutrition support dietitians reported more frequent use of FB or ONS

alone [n = 22 (54%)] versus COMB [n = 19 (46%)] compared to nonspecial-

ists [FB or ONS alone: n = 17 (45%) versus COMB: n = 21 (55%)] and other

specialist dietitians [FB or ONS: n = 39 (30%) alone versus COMB: n = 89

(70%)] (P = 0.017). The greatest influences on choice were ease of implemen-

tation [n = 192 (93%)], departmental protocols [n = 184 (89%)], profes-

sional management pathways [n = 179 (87%)] and published research

[n = 165 (80%)]. Patient circumstances [n = 117 (57%) and n = 99 (48%)]

and ease of implementation [n = 35 (17%) and n = 48 (24%)] were reported

as most influential in the first and second case scenarios, respectively.

Conclusions: There is a need for further research on approaches to the die-

tetic management of adult malnutrition.

Introduction

Approximately three million people in the UK are either

malnourished or at risk of malnutrition (1,2), with 93% of

these living at home (2,3). Adult malnutrition is associated

with poorer nutritional, clinical and patient-centred out-

comes, as well as increased strain on health and social

care budgets, much of which results from longer hospital

stays and an increased likelihood of readmission (4–7).

National and international clinical guidelines recom-

mend nutritional intervention in the management of adult

malnutrition based on evidence of improved nutritional

status, quality of life and functional outcomes (8–19).

Dietitians are uniquely skilled in providing nutritional

support to malnourished patients and employ mainly

food-based (FB), oral nutritional supplements (ONS) or

combined (COMB) approaches when oral intake is safe

and possible. Although clinical guidelines specify when it
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is appropriate to use oral nutrition support interventions,

there remains a lack of evidence-based guidance on which

approach (FB/ONS/COMB) to use. Several systematic

reviews have aimed to determine the relative efficacy of

oral nutritional support interventions, although the stud-

ies were heterogeneous and of variable quality, with some

findings being discordant (20–23), resulting in confusion

amongst clinical decision-makers and presenting a chal-

lenge to the implementation of evidence-based dietetic

practice (24). In the absence of evidence, other factors,

including organisational priorities, may be guiding the

choice of intervention rather than patient-related consid-

erations.

A lack of evidence-based guidance potentiates inconsis-

tent management of adult malnutrition in clinical settings

and the impact on patient care remains unknown. There

are no previous data available indicating the frequency

with which FB/ONS/COMB interventions are used or the

factors that influence clinical judgement in choosing

amongst them. Discordance in the published literature in

this area leaves the relative efficacy of FB/ONS/COMB

interventions uncertain. It is conceivable that, in practice,

clinical decisions around the choice of oral nutrition sup-

port intervention may be influenced by an array of fac-

tors combined with the individual clinical judgement of

the dietitian. Clinical decisions based primarily on clini-

cal judgement and individual professional opinion are

potentially highly variable, making it difficult to quantify

their clinical effectiveness. Given the high prevalence of

malnutrition in adults, and the fact that oral nutritional

support is the preferred first-line approach in its clinical

management, understanding of current dietetic practice

in the use of oral nutritional support interventions and

characterisation of the factors that influence clinical

judgement during their practical application was merited.

This would give some indication of what dietitians are

doing in practice to inform future research into the rela-

tive efficacy of FB/ONS/COMB interventions. Clear evi-

dence-based guidance resulting from this could

potentially be translated into improvements in patient

care. Furthermore, clinical judgment and evidence-based

practice could and should be employed in collaboration.

Therefore, the present study aimed to assess clinical prac-

tice when prescribing oral nutritional support amongst

UK dietitians and to examine the factors which influence

clinical decisions.

Materials and methods

The present study employed a cross-sectional, anony-

mous, online survey of UK dietitians. Ethical approval

was obtained from the City, University of London’s

School of Health Sciences Research Ethics Committee.

Survey development

A questionnaire was developed specifically for this study.

Face and content validity were established (25) by piloting

the survey using both subject experts (n = 4) and clinical

dietitians (n = 3) currently practising in this area of dietet-

ics, nominated by the subject experts. Subject experts were

asked to assess the content validity of the questionnaire

using a separate content validity assessment form (see Sup-

porting information, Appendix S1) based on published rec-

ommendations, which required rating of each

questionnaire item on 4 9 4-point scales according to its

relevance, clarity, simplicity and ambiguity within the

questionnaire (25). Free text space was also provided after

each section for qualitative feedback. For each assessment

criterion, questionnaire items scoring 4 by a majority of

subject experts remained unmodified; those scoring

between 1 and 3 were revised as suggested in the free-text

feedback and those scoring 1 for ‘relevance’ by a majority

of subject experts were removed from the questionnaire

altogether. During the content validity assessment phase,

the subject experts were asked to nominate one clinically

practising dietitian to be invited to participate in the next

phase of the questionnaire to maintain objectivity. Follow-

ing content validity assessments, the questionnaire was

then assessed for face validity and piloted by a small sample

of dietitians (n = 3) to ensure clarity, comprehension and

ease of access prior to national distribution. As clinical

dietitians regularly using nutrition support to manage dis-

ease-related malnutrition, they were asked to comment on

the ease of access, readability, logical flow and time taken

to complete the questionnaire. A pilot and face validity

assessment form was used (see Supporting information,

Appendix S2). Any required changes to the survey high-

lighted during the piloting phase were made prior to

national distribution.

The final questionnaire comprised 46 questions includ-

ing one consent question, six study eligibility questions

and 39 survey questions divided into seven main sections

(see Supporting information, Appendix S3). Section A

comprised questions about professional/career history and

current job role. Sections B–D asked about usual dietetic

practice and the factors that influence clinical decisions

when choosing oral nutrition support interventions in the

management of adult patients who are malnourished or

at risk of malnutrition. In sections E–F, participants were
then asked to work through two short hypothetical sce-

narios designed to reflect common clinical cases encoun-

tered in dietetic practice. The survey questions included a

mixture of closed questions with categorical responses,

statements with possible responses measured on a Likert-

type scale, ranked order responses measured on a six-

point ordinal rating scale and open-ended questions.
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The online survey-based software Smart Survey (Smart-

line International Ltd, Tewkesbury, UK) was used for dis-

tribution.

Sampling and recruitment

The study population was UK registered dietitians. A con-

venience sample of dietitians who were active members of

the British Dietetic Association (BDA) formed the sam-

pling frame, which covered a broad demographic range

and professional practice area. Dietitians were approached

via an e-mail invitation distributed by the BDA and a

survey link shared via the BDA’s social media platforms.

A reminder was sent 1 month later via the BDA monthly

members’ E-zine, social media platforms and BDA spe-

cialist groups.

Inclusion criteria comprised dietitians who were regis-

tered with the Health & Care Professions Council, cur-

rently practising within the UK, and regularly seeing

adult patients who were malnourished or at risk of mal-

nutrition requiring oral nutrition support. Exclusion cri-

teria comprised nonpractising dietitians, retired dietitians,

paediatric dietitians, exclusively academic dietitians, stu-

dent dietitians and dietitians practising outside of the

UK. All participants were asked to complete a short ques-

tionnaire to establish study eligibility as inclusion criteria

were self-applied within the survey. Those who met the

exclusion criteria were redirected to a ‘Thank You’ page,

whereas those meeting the inclusion criteria were directed

to the questionnaire. A participant information sheet at

the start provided details of the study. The survey

remained open for approximately 2 months from August

2014.

Statistical analysis

Prior to national distribution, possible responses to closed-

ended questions were precoded for entry and analysis in

SPSS, version 19 (IBM Corp., Armonk, NY, USA).

Responses to open-ended questions were not precoded and

are not presented in this report. Descriptive statistics were

used to describe the overall data set and frequencies for the

categorical data (26). For continuous variables, tests of nor-

mality were conducted using the Shapiro–Wilk test. Medi-

ans and interquartile ranges were used to describe

continuous, nonparametric data (26). Data from partially

completed questionnaires were discarded. For analyses

relating to the two case scenarios, where dietitians were

unable to make a decision on an oral nutrition support

intervention and stated they would require further infor-

mation to do so, the data were excluded. For both case sce-

narios, the sample was too small to reliably investigate any

association between country of training, geographical

location and choice of oral nutrition support intervention.

Data were summarised as counts and percentages and anal-

ysed using chi-squared tests for categorical data, and the

nonparametric Spearman rank correlation, Mann–Whitney

U-test and Kruskal–Wallis test where appropriate. P < 0.05

was considered statistically significant. Chi-squared tests

were considered valid and reported only if the proportion

of cells with expected values of less than 5 was below 20%.

A multiple regression approach to analysing contingency

tables (27) was used to conduct post-hoc analyses for the

chi-squared tests.

Results

In total, 279 individuals completed or partially completed

the survey. Data for 46 individuals who only partially

completed the survey were discarded. Of the 233 remain-

ing participants, 228 consented to participate and were

directed to complete the survey. Data on five individuals

who did not consent and/or did not meet the eligibility

criteria were excluded. A total of 207 dietitians success-

fully completed the survey.

BDA membership at the time of the survey was 7551

members, including 6486 UK-based, fully practising

members. In total, 6176 e-mails were sent out, of which

6029 were delivered. Approximately 20% of recipients

opened the e-mail and 6% (n = 379) clicked on the sur-

vey link. A broad estimate of the response rate on the

basis of the number of e-mail invitations delivered

(n = 6029) and number actually commencing the survey

(n = 279) is 5%. However, because only 207 surveys were

fully completed, a more appropriate estimate of the

response rate is 3%.

The main characteristics of the survey respondents are

summarised in Table 1. An extended version of Table 1 is

available in the Supporting information (Appendix S4).

Dietitians’ opinions about oral nutrition support practice

Dietitians’ opinions, represented by their level of agree-

ment or disagreement with statements relating to the

choice of an oral nutrition support intervention for adult

patients who are malnourished or at risk of malnutrition,

are summarised in Table 2. In total, 188 dietitians (81%)

who were surveyed agreed [n = 83 (40%)] or strongly

agreed [n = 84 (41%)] that a food first approach should

be adopted in the management of nutritionally vulnerable

patients. Most dietitians [n = 179 (87%)] mildly dis-

agreed, disagreed or strongly disagreed that ONS should

be used as a first-line strategy. There was no clear

distinction between responses to the statement that sug-

gested a combined approach should be used first, with

111 (54%) of dietitians expressing agreement (mildly
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agreed, agreed, and strongly agreed) and 96 (46%)

expressing disagreement (mildly disagreed, disagreed, and

strongly disagreed). Overall, 171 dietitians (83%) agreed

with the statement that current oral nutrition support

practice is evidence-based and an overwhelming majority

[n = 203 (98%)] also agreed with the statement that oral

nutrition support is largely based on the clinical judgement

of the dietitian. Most dietitians [n = 185 (89%)] disagreed

with the statement that ONS are clinically superior to FB

approaches, whereas almost all dietitians surveyed

[n = 203 (98%)] agreed that FB strategies may improve

outcomes. Furthermore, there was a negative correlation

between dietitians’ total number of post-qualification years

practising and the opinion that ONS should be used as a

first-line strategy (rho = �0.154, n = 207, P = 0.027) and,

likewise, a negative correlation between dietitians’ total

number of post-qualification years practising and the opin-

ion that FB strategies improve outcomes (rho = �0.143,

n = 207, P = 0.040).

Modes of patient contact used by dietitians

Respondents were asked to indicate the healthcare setting

in which patients requiring oral nutritional support were

most usually seen. The results are summarised in Table 3.

Most contact for both first appointment and review

appointments took place in the hospital setting, with face-

to-face ward visits (or equivalent) or the outpatient clinic

setting being reported as the most frequently used mode of

contact for both new [ward: n = 99 (48%) ward and out-

patient: n = 51 (25%)] and review [ward: n = 94 (45%)

ward and outpatient: n = 48 (23%)] patients requiring oral

nutrition support. Both domiciliary visits and telephone

consultations were used less frequently for both new

patients and those being reviewed [n = 43 (21%) and

n = 34 (17%), respectively, for domiciliary visits, and

n = 10 (5%) and n = 27 (13%), respectively, for telephone

consultations].

Table 1 Summary showing the characteristics of the survey

respondents

Respondent characteristics n (%)

Geographical location

England 163 (77)

Northern Ireland 3 (1)

Scotland 27 (13)

Wales 14 (7)

Total 207 (100)

Work setting

Primary care (community based) 82 (40)

Acute care (hospital based) 107 (52)

Both acute and primary care 3 (1)

Exclusively research/academic/industry 2 (1)

Other 13 (6)

Total 207 (100)

Specialist group membership

No 73 (35)

Yes 134 (65)

Total 207 (100)

Country/region

UK 197 (95)

Rest of World 10 (5)

Total 207 (100)

Current clinical speciality

No speciality (mixed caseload) 38 (18)

Nutrition support 41 (20)

Other speciality 128 (62)

Total 207 (100)

Agenda for change band (or equivalent)

Bands 5 and 6 116 (56)

Bands 7 and 8 91 (44)

Total 207 (100)

Table 2 Dietitians’ opinions about oral nutrition support practice

Preceding stem for all statements below:

‘When selecting oral nutrition support interventions for

patients who are malnourished or at risk of

malnutrition . . .’

Strongly disagree Disagree Mildly disagree Mildly agree Agree

Strongly

agree

n (%) n (%) n (%) n (%) n (%) n (%)

‘. . . a food first approach should be adopted’ 8 (3.9) 5 (2.4) 6 (2.9) 21 (10.1) 83 (40.1) 84 (40.6)

‘. . . oral nutritional supplements should be used as a

first-line strategy’

42 (20.3) 85 (41.1) 52 (25.1) 18 (8.7) 9 (4.3) 1 (0.5)

‘. . . food-based and oral nutritional supplement

strategies should be combined as a first-line approach’

7 (3.4) 40 (19.3) 49 (23.7) 56 (27.1) 35 (16.9) 20 (9.7)

‘. . . current dietetic practice is evidence-based’ 2 (1.0) 16 (7.7) 18 (8.7) 71 (34.3) 78 (37.7) 22 (10.6)

‘. . . current dietetic practice is largely based on the

clinical judgement of the dietitian’

0 (0.0) 1 (0.5) 3 (1.4) 43 (20.8) 118 (57.0) 42 (20.3)

‘. . . oral nutritional supplements are clinically superior

to dietary counselling/FB interventions’

45 (21.7) 91 (44.0) 49 (23.7) 13 (6.3) 7 (3.4) 2 (1.0)

‘. . . food-based interventions may improve some

nutritional, clinical and functional outcomes’

1 (0.5) 2 (1.0) 1 (0.5) 24 (11.6) 131 (63.3) 48 (23.2)
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Types of oral nutrition support interventions most often

used

When asked which type of intervention was used most

often in the management of a patient at nutritional risk,

129 (62%) dietitians reported that they use COMB inter-

ventions more often than FB alone [n = 70 (34%)] or

ONS alone [n = 8 (4%)] interventions. Analysis of

responses according to work setting showed that dietitians

working solely in the primary care setting were more

likely (P < 0.001) to use FB or ONS alone as individual

interventions [n = 48 (59%)] over COMB interventions

[n = 34 (42%)], whereas those based in the acute setting

were more likely (P < 0.001) to use COMB interventions

[n = 83 (78%)] rather than either FB or ONS interven-

tions alone [n = 24 (22%)] (Fig. 1). Indeed, of the 48

community dietitians who reported using FB or ONS

alone, all reported using FB most often, and none selected

ONS as their most frequently used intervention. There

was no difference in the reported relative use of COMB

interventions [n = 19 (46%)] versus individual FB or

ONS interventions [n = 22 (54%)] amongst specialist

nutrition support dietitians (P = 0.062), and nonspecialist

dietitians (P = 0.611). However, dietitians working in

other specialities were more likely (P = 0.024) to use a

COMB intervention [n = 89 (70%)] over a FB or ONS

intervention alone [n = 39 (31%)]. There were no associ-

ations between frequency of use of particular interven-

tions (COMB or FB/ONS only) and Agenda for Change

(AfC) banding, geographical location, country of training

or membership of a BDA specialist group.

Factors influencing practice around oral nutritional

support of dietitians

Dietitians rated the influence of nine factors potentially

related to oral nutritional support practice, as well as sug-

gesting any additional factors. Ratings of the influence of

each factor, ranging from no influence to strong influ-

ence, are summarised in Table 4. Ease of implementation,

departmental protocols, professional management path-

ways and published research were rated as having the

Table 3 Modes of contact used by dietitians when seeing new and review patients

Mode of contact for new patients n % Mode of contact for review patients n %

Ward visit (includes hospital/nursing

home/care home/residential)

99 47.8 Ward re-visit (includes hospital/nursing

home/care home/residential)

94 45.4

Outpatient clinic appointment 51 24.6 Follow-up outpatient clinic appointment 48 23.2

Domiciliary visit 43 20.8 Follow-up domiciliary visit 34 16.4

Telephone assessment 10 4.8 Telephone review 27 13

Other 4 1.9 Other 4 1.9

Total 207 100 Total 207 100

Non-
specialist 

RDs (n = 38)

Nutrition 
Support 

Specialist 
RDs (n = 41)

Other 
Specialist 

RDs 
(n = 128)

Primary 
Care (only) 
RDs (n = 82)

Acute Care 
(only) RDs 

(n = 107)

Other/Dual 
Settings 
(n = 18)

FB or ONS alone 44.7% 53.7% 30.5% 58.5% 22.4% 33.3%
COMB 55.3% 46.3% 69.5% 41.5% 77.6% 66.7%

P = 0.611 P = 0.062 P = 0.024* P < 0.001* P < 0.001* P = 0.924

0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

%
 R

Ds
 su

rv
ey

ed

Figure 1 Oral nutrition support interventions used

most often by specialty and work setting for

Registered Dietitians (RDs) surveyed. COMB,

combined approaches; FB, food-based; ONS, oral

nutritional supplements.
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greatest influence (moderate or strong influence) on prac-

tice [n = 192 (93%); n = 184 (89%); n = 179 (87%) and

n = 165 (80%), respectively]. Cost to the healthcare pro-

vider, cost to the patient and ‘The Multidisciplinary Team

(MDT)’ had a ‘moderate influence’ on practice [n = 103

(50%), n = 101 (49%) and n = 75 (36%), respectively].

Work colleagues mainly exerted a ‘minor influence’

[n = 100 (48%)] on the dietitians surveyed, whereas the

influence of a professional mentor was split between ‘no

influence’ [n = 50 (24%)], ‘minor influence’ [n = 70

(34%)] and ‘moderate influence’ [n = 75 (36%)]. Many

dietitians [n = 152 (73%)] did not report an additional

influential factor. Some [n = 37 (18%)] did report addi-

tional influential factors, given as open-ended responses,

which are not presented in this report. Furthermore,

there was a positive correlation between the total number

of post-qualification years practising and the influence of

published research (rho = 0.144, n = 207, P = 0.039) and

a negative correlation between the total number of post-

qualification years practising and the influence of a pro-

fessional mentor (rho = �0.186, n = 207, P = 0.007).

The number of post-qualification years of practice was

also positively correlated with dietitians’ confidence in

oral nutrition support (rho = 0.248, n = 207, P < 0.001).

Choice of intervention and influences in theoretical case

scenario 1 (community-based patient)

The first case-based scenario (see Supporting information,

Appendix S3) involved an older male patient with conser-

vatively managed oesophageal and gastro-oesophageal

junction adenocarcinoma living alone and referred for

poor oral intake [currently only managing 2615 kJ

(625 kcal), 22 g protein per day] and clinically significant

(9%) weight loss over the preceding 3-month period.

Dietitians who responded to this question (196/207) were

more likely to recommend a COMB approach [n = 128

(65%)] over a FB [n = 58 (30%)] or ONS [n = 10 (5%)]

intervention (P < 0.001). The choice of oral nutrition

support intervention (COMB or FB/ONS only) was not

associated with AfC banding (P = 0.854), clinical special-

ity (P = 0.588), work setting (P = 0.133) or membership

of a BDA specialist group (P = 0.874). Of the 207 dieti-

tians surveyed, almost two-third [n = 117 (57%)] indi-

cated that the greatest influence on their decision was the

patient’s circumstances, with ease of implementation of

the intervention being the second most influential factor

[n = 35 (17%)].

Choice of intervention and influences in theoretical case

scenario 2 (hospital-based patient)

The second case-based scenario (see Supporting informa-

tion, Appendix S3) involved a nutritionally vulnerable

patient in hospital, who also lived alone at home. In hos-

pital, she was referred for dietetic input due to a Malnu-

trition Universal Screening Tool score of 2. She had been

losing weight gradually, although the period over which

she had experienced weight loss was unquantifiable as a

result of poor recall. She was only managing 41% of her

estimated nutritional requirements on the ward with large

deficits. The patient was discharged from hospital 6 days

later and followed up at home. Dietitians who responded

to this question (198/207) were more likely to recom-

mend a COMB approach [n = 138 (70%)] over a FB

[n = 38 (19%)] or ONS [n = 22 (11%)] intervention

(P < 0.001). More dietitians selected FB and ONS-based

approaches alone in the community patient [FB: n = 58

(30%); ONS: n = 10 (5%)] compared to the hospital-

based patient [FB: n = 38 (19%); ONS: n = 22 (11%)].

For the hospital-based patient, dietitians still reported

that they would recommend a COMB intervention over

FB or ONS alone. There were no associations between

choice of oral nutrition support intervention (COMB or

FB/ONS only) and AfC banding (P = 0.699), clinical spe-

ciality (P = 0.508), work setting (P = 0.699) or

Table 4 Reported influence of different factors on practice in selecting oral nutrition support interventions (n = 207)

No influence Minor influence Moderate influence Strong influence

n (%) n (%) n (%) n (%)

Influence of published research 3 (1.4) 39 (18.8) 108 (52.2) 57 (27.5)

Influence of departmental protocol 3 (1.4) 20 (9.7) 95 (45.9) 89 (43.0)

Influence of professional consensus management pathway 7 (3.4) 21 (10.1) 106 (51.2) 73 (35.3)

Influence of cost to healthcare provider 15 (7.2) 59 (28.5) 103 (49.8) 30 (14.5)

Influence of cost to patient 15 (7.2) 45 (21.7) 101 (48.8) 46 (22.2)

Influence of ease of implementation 3 (1.4) 12 (5.8) 82 (39.6) 110 (53.1)

Influence of work colleagues 30 (14.5) 100 (48.3) 72 (34.8) 5 (2.4)

Influence of professional mentor 50 (24.2) 70 (33.8) 75 (36.2) 12 (5.8)

Influence of multidisciplinary team 19 (9.2) 69 (33.3) 100 (48.3) 19 (9.2)

Influence of other factor(s) 152 (73.4) 3 (1.4) 15 (7.2) 37 (17.9)
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membership of a BDA specialist group (P = 0.152). A

greater proportion of dietitians indicated that they would

change the intervention post-discharge, compared to

those that would make no change [n = 121 (58%) and

n = 86 (42%), respectively, P = 0.015]. Again, almost half

of dietitians [n = 99 (48%)] reported that the greatest

influence on the nutritional support intervention chosen

for the hospital-based patient was the patient’s circum-

stances and the second most influential factor was also

the ease of implementation of the intervention, with 24%

of dietitians (n = 48) reporting this.

Discussion

The present study is the first to examine dietetic practice

when prescribing oral nutritional support interventions

amongst UK dietitians and the factors that influence deci-

sions. Overall, dietitians’ opinions about oral nutrition

support practice favoured FB approaches over ONS; how-

ever, combined interventions (COMB = FB + ONS) were

reported to be used most often in practice, and were also

the most popular choice in each case study. The choice of

oral nutrition support intervention was associated with

work setting and clinical speciality. Dietitians working in

community settings and specialist nutritional support

dietitians reported the more frequent use of FB or ONS

interventions alone compared to acute and nonspecialist

dietitians, who reported the more frequent use of COMB

interventions. The most common factors reported to

influence choice of intervention in clinical practice were

ease of implementation, departmental protocols, profes-

sional management pathways and published research. In

the case studies, the factor having the most influence on

choice of intervention was patient circumstances, followed

by ease of implementation. Professional management

pathways referred to any published expert consensus

statements in relation to the management of malnutri-

tion. Ease of implementation referred mainly to the con-

venience of a chosen intervention particularly for the

dietitian. Patient circumstances referred to the patient’s

physical, psychological, social, environmental, emotional

state. A greater proportion of dietitians indicated that

they would alter their choice of intervention for the hos-

pital-based patient upon discharge back into to the com-

munity compared to those who would not, suggesting an

influence of setting on practice. Despite the rise in tele-

medicine in dietetic practice (28,29), the dietitians surveyed

reported that they provided most oral nutrition support

via face-to-face consultations. It is also evident that some

aspects of oral nutrition support practice, dietitians’ opin-

ions, clinical judgements and confidence in such clinical

decisions may be influenced by the number of years of

clinical experience.

Although indications for oral nutrition support in the

management of adult malnutrition in the UK are speci-

fied by the National Institute of Clinical Excellence

(NICE) specify (9), the type of intervention to be used

(and under what circumstances) is not stipulated. Profes-

sional consensus management pathways for adult malnu-

trition, encourage optimisation of dietary intake with a

‘food first’ approach reserving ONS for situations where

FB measures alone have proved to be inadequate in

improving oral intake (30), which are recommendations

also echoed by many local departmental policies. How-

ever, clinicians are cautioned because FB interventions

may not provide nutritionally complete supplementation
(30,31). Hence, there remains controversy about the opti-

mal method of oral nutritional support in managing mal-

nourished patients. There is an underlying assumption in

many policies that FB and ONS are able to achieve the

same outcomes. The evidence base for the use of either

option has inconsistencies but appears stronger for ONS.

In reality, local policies do vary (32), although there is an

overall focus on FB approaches, with ONS being seen as

an escalation option. The impact of this approach on

longer-term outcomes such as hospital admissions, num-

ber of prescriptions and length of hospital stay has not

been investigated (33). Despite this, the results of the pre-

sent study suggest that despite a professional push

towards FB strategies, COMB approaches are still pre-

ferred amongst clinically practising dietitians. In a

recently published study, despite professional guidelines

for energy and protein content of the food available on

hospital menus, as well as the appropriate role of ONS

and FB interventions within that setting, a recent audit

demonstrated that, in practice, these standards were not

being met for the majority of patients (34). It was sug-

gested that an exploration of the factors that contribute

to this disparity could help close the gap in a tailored,

patient-centred fashion in addition to a uniquely placed,

dedicated food services dietitian (34).

In the present study, the reasons why most dietitians in

practice prefer a combined intervention approach rather

than choosing either intervention alone are not known.

Although dietitians cited published research as an impor-

tant influence on choice of method, the literature in this

area tends to focus on FB approaches and ONS as sepa-

rate entities, whereas, in practice, dietitians are tending to

adopt combined approaches. Although the evidence in

this area is inconsistent and sometimes patchy (20–23,35),

there is a significantly greater body of evidence for ONS

and, although dietitians may perceive that research evi-

dence is important, their practice does not support the

fact that it is a key factor. This has also been observed in

other areas of dietetic practice. Even in the presence of

clear, evidence-based clinical guidelines to support early
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post-operative oral feeding amongst adult patients in a

noncritical state of illness, adherence to those guidelines

was poor with frequent delays to post-operative feeding
(36). Although consideration was given to the contribution

of patient-related, clinician-driven, and organisational fac-

tors to this lack of adherence, it is clear that the existence

of evidence-based guidance has had a minimal effect on

habitual clinical practice (36). Therefore, unsurprisingly, in

the absence of clear, specific evidence-based guidance, die-

tetic practice in oral nutrition support relies predomi-

nantly on clinical judgement. Furthermore, the results of

the present study suggest that evidence-based practice is

not a substitute for the clinical skill and judgement of the

dietitian. It has been argued that in clinical encounters,

the judgement of the clinician is irreplaceable by evidence-

based practice, particularly in situations when the clinician

must weigh up a complex range of factors in making a

clinical decision for a particular patient (37). Indeed, the

two scenarios used in the present study involved two

patients both with complex circumstances and nutritional

dilemmas with some ambiguity regarding management to

assimilate a real-life clinical encounter where the dietitian

has to make a clinical judgement. Although the evidence-

base is important, the dietitian must consider the complex

social, environmental, medical and other influences to

provide patients with a dietary recommendation that can

be incorporated into their daily lives and routines. The

impact of this strong social component and its effects on a

patient’s ability to comply with an intervention should

not be underestimated. Evidence-based care helps to min-

imise huge variations in the practices of healthcare profes-

sionals and helps to ensure the best, most effective care is

provided to patients, in an environment where financial

resources are limited (38), whereas clinical judgement

reflects the demands of the real-life environment. Ideally,

evidence-based practice and clinical judgment should be

used in conjunction to provide the best nutritional care

for patients. Although dietitians reported being influenced

by a patient’s individual circumstances in the case scenar-

ios, the ease of implementation of the intervention was

also an influential factor in the decisions about oral nutri-

tion support. In hospitals, where the provision of FB

interventions that are appealing to acutely unwell patients

can be challenging, ONS may be considered an ‘easier and

often cheaper option’.

Departmental protocols, professional management

pathways and published research were three of the four

main factors influencing practice by the majority of dieti-

tians surveyed. This is in agreement with other online

survey studies in the literature. Judges et al. (39), found

that 70% of 678 dietitians who took part in a UK-wide

survey indicated that there was a relevant departmental

protocol in place and 45% of respondents were

influenced ‘a lot’ by departmental protocols when com-

mencing new enteral tube feeding regimens. Sixty-six per-

cent of respondents who reported mandatory application

of NICE guidelines (9) within their dietetic departments

indicated that the guidelines exerted ‘a lot’ of influence
(39). A survey of renal dietitians in Australia reported that

practice in 62 out of 65 respondents was significantly

influenced by evidence-based practice guidelines, although

it was unaffected by the age, sex, location, years of experi-

ence in renal practice or research experience of the dieti-

tian (40). However, the positive correlation between years

of experience and confidence in oral nutrition support

practice observed in the present study was also observed

in the study by Judges et al. (39), in which it was reported

that dietitians with more years in practice were more

influenced by clinical experience when devising a new

feeding regimen. The inclusion of case scenarios within

this survey that tested clinical application suggested that

opinion and attitude about influences on practice was

contrary to actual practice, which might reflect the lack

of specific guidance in this area or the overriding depen-

dency on clinical judgement when faced with a real-life

situation.

In clinical practice, the cost to the patient and health-

care provider may vary dramatically by clinical setting,

although this does not necessarily represent cost effective-

ness. Although ONS in hospital may be conceivably

cheaper for acute healthcare providers as a result of

industry tendered contracts, they are potentially more

costly for primary care providers when prescribed in the

community, where FB interventions may be implemented

at a greater cost to the patient. It is no surprise that costs

to the patient and healthcare provider almost equally

divided the dietitians sampled. Dietitians in primary care

reported using individual interventions, specifically FB

interventions, more than any other group, despite a

recent systematic review that highlighted that more

favourable clinical and financial outcomes were associated

with ONS use in community settings and therefore ONS

were considered more cost effective in that context (33).

However, given the aforementioned focus on reducing

prescriptions for ONS in this area, the greater use of FB

approaches highlights the strong influence of costs and

local guidelines on practice.

Despite the interesting findings in the present study, it

has some limitations. First, the lack of a pre-existing

questionnaire that has been rigorously tested for reliabil-

ity and validity (26,41,42) led to a bespoke questionnaire

being designed for the study but, because of limited time

and resources, assessment of validity was minimal. Sec-

ond, given the response rate achieved in the present study

(3%), it is questionable whether the dietetic profession

was adequately represented by the study sample. The
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response rate achieved was considerably lower than the

60–75% response rate considered acceptable in survey

research (41) and threatens the representativeness of and

external validity of the study. Other similar studies have

also had variable success in achieving a good response

rate amongst dietitians using a variety of sampling

approaches (39,43–46). Third, the present study captures

reported practice rather than actual clinical practice,

which is an inherent limitation of a self-completed ques-

tionnaire study design (42). Because the study was cross-

sectional and descriptive, the results are limited in their

ability to capture fully the influences on clinical decision

making or to illuminate in-depth understandings of clini-

cal reasoning where the patient perspective comes into

play and likely requires a qualitative or mixed method

approach. One element that is completely absent is the

patient perspective and practice in the real-world context

may be very different from that reported here. Finally,

despite the clinical relevance of the results observed in

the present study, many of the statistical correlations

reported carried small effect sizes according to Cohen

guidelines (47).

Given the plethora of research evidence and clinical

guidelines to suggest that dietary intervention in disease-

related malnutrition amongst adults offers a number of

clinical benefits, there is no reason to suggest that

patients should not continue to be referred to a dietitian

for oral nutrition support. Clinical guidelines derived

from high-quality trials (rather than consensus expert

opinion) that outline whether FB/ONS/COMB interven-

tions are more appropriate under particular clinical cir-

cumstances would facilitate an evidence-based approach

to the clinical decisions dietitians have to make in oral

nutrition support practice. At present, these decisions are

left to the clinical judgement of the dietitian and may be

highly variable. The implications for patient outcomes

remain unknown. To advance as a profession, dietitians

must continue to demonstrate evidence-based practice;

however, although many dietitians have indicated favour-

able views about evidence-based practice, few reported

that they had the skills and knowledge to apply it to their

practice (44). Because clinical guidelines do not exist for

every area of dietetic practice, dietitians must be capable

of reviewing the evidence for a particular clinical question

and applying skills of critical appraisal in making clinical

decisions. Evidence-based care and skills of critical

appraisal should also be actively encouraged in the train-

ing of student dietitians, extending beyond the academic

setting so that evidence-based practice can also be

observed and applied within the clinical setting.

Data on the use of FB/ONS/COMB strategies and the

factors that influence their application in clinical settings

within the UK were previously lacking. The present study

highlights inconsistencies in clinical management and

reiterates the need for further research into the experi-

ences and views of patients on the receiving end of these

oral nutrition support interventions. Furthermore, dieti-

tians’ opinions in relation to oral nutrition support

approaches appeared to conflict their reported clinical

practice. Research endeavours continue to try to define

similarities and differences between the FB and ONS

interventions and, if the data provide clear support for

specific strategies in defined patient groups, it will be

important to understand current management practices

when developing implementation strategies. This could

potentially also inform targeted training when areas of

practice are outside of recommendations. As observed in

other areas of dietetics (34,36), there appear to be inherent

differences between recommendations and clinical prac-

tice. It is difficult to say that the present study is further

evidence of this because it did not comprise an audit of

practice against recommendations specifically, although

the variation found in practice suggests that there might

be differences. Greater use of FB only in the community

suggests that maybe local guidance is being followed in

this area. Perhaps the employment of procurement diete-

tic posts has placed a greater focus on managing practice

within the recommendations. The present study offers

some tentative explanations about why practice varies,

although this would need to be followed up in a more

focused study. Future research in this area should focus

on studies with designs incorporating both observation

and triangulation of approaches to allow greater under-

standing of the choices made by dietitians, as well as the

capturing of patients’ perspectives and impact on out-

comes. This would more clearly illuminate what dieti-

tians are doing in practice and inform the debate on

efficacy of different approaches to oral nutrition support.

Overall, a need remains for evidence-based clinical

guidance based upon robust studies comparing the long-

term clinical effectiveness the various forms of oral nutri-

tional support, aiming to inform dietetic practice. This

will facilitate more effective, consistent clinical manage-

ment of malnourished patients through the use of FB/

ONS/COMB interventions as appropriate for optimal

patient benefit.
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Abstract

Background: Malnutrition in hospitalised patients is associated with fre-

quent complications and increased mortality. The present study aimed to

determine the prevalence of abnormal nutritional status in patients aged

over 65 years with a diagnosis of cardiovascular diseases and also to deter-

mine its relationship with the duration of hospitalisation and the incidence

of complications over 3, 6 and 12 months of observation. A comparison

was also made of diagnostic performance between the various classifications

used to diagnose abnormal nutritional status.

Methods: In total, 76 patients aged over 65 years with cardiovascular condi-

tions were involved in the study. Abnormal nutritional status was identified

on the basis of Mini-Nutritional Assessment-Short Form (MNA-SF) test

results, laboratory tests and European Society for Clinical Nutrition and

Metabolism (ESPEN) nutritional status assessment criteria. During 3, 6 and

12 months of observation, data were collected concerning the number of re-

hospitalisations and the presence of complications.

Results: Abnormal nutritional status was reported in 78% of participants.

Malnutrition, as diagnosed on the basis of laboratory findings and also on

the basis of ESPEN criteria comprising the value of fat free mass index

(FFMI), was significantly related to prolonged hospitalisation and an

increased complication rate. The results of the MNA-SF test performed at

baseline revealed no relationship with the incidence of complications during

the first stage of the study.

Conclusions: Abnormal nutritional status was a common phenomenon in

the group of patients under investigation. The set of criteria for assessing

the nutritional status that had the highest association with the duration of

hospitalisation and the incidence of complications includes laboratory tests

and ESPEN criteria comprising the value of FFMI.

Introduction

Changes in demographic structure in terms of increasing

percentage of elderly people have been observed for over a

decade in Poland. In 2010, the percentage of persons popu-

lation aged over 65 years was approximately 14%. It is esti-

mated that, by 2035, the elderly will constitute 23% of the

population (1–3). The prevalence of malnutrition increases

with age. It has bee reported that unintended body mass

loss occurs in 15%–20% of persons aged over 65 years, and

undesirable changes in body composition (muscle mass

loss with simultaneous adipose tissue quantity increase)

occur in approximately 50% (4–9). Estimates indicated that

the prevalence of protein-energy malnutrition is the most

marked in elderly people subject to hospitalisation and

may even reach 60% (10). One group of patients who are at
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risk of malnutrition includes patients with the diagnosis of

cardiovascular disease. Patients with chronic cardiac failure

may develop cachexia resulting from a reduced supply and

an increased expenditure of energy. Chronic venous flow

stagnation is responsible for the impairment of digestion

and absorption of nutrients, whereas an increased activity

of the respiratory system and the cardiac muscle is respon-

sible for increased energy expenditure (11). Moreover,

hypermetabolism caused by the activation of the immune

system contributes to the development of cachexia, which

leads to an excessive production of proinflammatory

cytokines and the disruption of appetite regulation (12).

Malnutrition results in reduced body mass, reduced

muscle strength and psychomotor capacity (13). Cellular

and humoral responses are impaired, which leads to an

increased infection rate. Serum protein concentration

decreases, translating into impaired wound healing and

an increased risk of decubitus ulcers in bedridden

patients. Nutritional deficiencies cause deficiency anae-

mias and the disruption of water and electrolyte balance.

Additionally, patients present a worse response to treat-

ment, complications are more common, and the risk of

death increases (14–17).

Consequently, being malnourished or at a nutritional

risk is associated with an increased morbidity, mortality,

hospital readmission rate and length of hospital stay,

leading to a personal and economic burden, respectively,

for patient and society (13). A screening survey of more

than 500 patients from the Netherlands showed that

patients diagnosed with malnutrition stayed in hospital

1.4 days longer compared to those who were well nour-

ished (18). Moreover, a Polish study conducted among

over 2500 hospitalised patients demonstrated that

decreasing food supply was also connected with pro-

longed hospital stay; from 12 days on normal supply to

almost 14 days on supply at a quarter of the usual sup-

ply. Moreover, patients who reported weight loss stayed

in hospital on average 5 days longer compared to patients

who did not report weight loss or declare its increase (19).

Numerous studies demonstrate that the results

obtained during reliable nutritional assessment may con-

stitute the predictors of an increased rate of complica-

tions and mortality (20–24). Appropriate nutritional

assessment requires the implementation of various meth-

ods and should be an important element of holistic geri-

atric assessment. The process of diagnosing malnutrition

starts with a screening test performed on admission. In

the case of elderly patients, Mini-Nutritional Assessment

(MNA) scale or an abridged version (i.e. MNA-Short

Form, MNA-SF; Nestl�e Nutrition Institute, La Tour-de-

Peilz, Switzerland) is used (25,26). Moreover, anthropomet-

ric, biochemical and body composition tests are tools that

facilitate the diagnosis of malnutrition (27).

In 2015, European Society for Clinical Nutrition and

Metabolism (ESPEN) created a group of experts to deter-

mine a minimal set of criteria for diagnosing malnutri-

tion that would be applicable regardless of a condition

and its aetiology. According to ESPEN recommendations,

patients at risk of malnutrition should be first identified

with verified screening tools and assessed on their basis.

Additionally, it was unanimously recognised that a body

mass index (BMI) below 18.5 kg m�2 is sufficient to

diagnose malnutrition. If, however, the BMI exceeds this

value, one of two other equivalent methods of diagnosing

malnutrition should be used. They require a combination

of reported unintended weight loss and a simultaneous

low value of at least one of the indices: BMI or fat free

mass index (FFMI) (28).

Study aim

The study aimed to determine the prevalence of abnormal

nutritional status in patients aged over 65 years with car-

diovascular diseases using various criteria of its diagnosis

and also to determine its relationship with the duration

of hospitalisation and the incidence of complications over

3, 6 and 12 months of observation. An additional objec-

tive was to compare the diagnostic performance between

various classifications used to diagnose abnormal nutri-

tional status.

Materials and methods

In 2016, a total of 76 consecutive patients (62 women

and 14 men) aged over 65 years who were hospitalised at

a geriatric ward of one of the hospitals in Warsaw were

included in the study.

All of them had been diagnosed with cardiovascular

disease. Patients with hypertension as a sole cardiovascu-

lar condition, active neoplastic disease, acute gastrological

and/or an infectious cause of hospitalisation, and patients

with severe communication problems were excluded from

the study. All research participants provided their written

consent to participate in the study.

The study was divided into four stages:

• Stage 0: conducted during patient hospitalisation,

• Stage 1: conducted 3 months after Stage 0,

• Stage 2: conducted 6 months after Stage 0 and

• Stage 3: conducted 1 year after Stage 0.

During Stage 0, the nutritional status of patients was

assessed with the abridged version of MNA screening test

(MNA-SF; Nestl�e Nutrition Institute) (29). Moreover, the

height of each patient was measured with SECA sta-

diometer and body composition analysis and body mass

measurement were performed with TANITA analyser.
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Based on the measurements obtained, BMI was calculated

by dividing body mass (kg) by squared height (m2) and

FFMI was calculated by dividing fat-free body mass (kg)

by squared height (m2). Moreover, the results of labora-

tory tests performed during hospitalisation [i.e. serum

albumin (Alb) concentration and total lymphocyte count

(TLC) per 1 mm³ of blood] were used. Abnormal nutri-

tional status was diagnosed on the basis of MNA-SF

Nestl�e Nutrition Institute test criteria (29), laboratory test

reference values and ESPEN nutritional status assessment

criteria dating from 2015 (28) (Table 1). Subsequently,

during the same stage of the study, based on medical

documentation, the number of days of hospitalisation of

the study group patients was recorded approximately

1 month after the nutritional assessment.

During subsequent stages (i.e. Stages 1, 2 and 3), the

investigators contacted the study group patients via tele-

phone to obtain information concerning the number of

rehospitalisations, antibiotic treatment and the incidence

of infections and other diseases (i.e. common colds, non-

healing wounds, dermal lesions, conjunctivitis, sinusitis,

bronchitis, ear infections, acute gastrointestinal infections,

fistulae, bacterial infections and viral infections). More-

over, during each stage (i.e. Stages 1, 2 and 3), an

abridged version of MNA screening test (MNA-SF; Nestl�e

Nutrition Institute) (29) was conducted.

In descriptive statistics for categorical variables, the

number and percentage of occurrences were reported.

The distribution of continuous variables was first evalu-

ated with the Shapiro–Wilk test, and then the mean (SD)

was reported in descriptive statistics for normally dis-

tributed variables; otherwise, the median and the 25th

and 75th percentile (Q1 and Q3) were provided. Categor-

ical variables were compared using Fisher’s exact test if

any cell in the contingency table was smaller than 5;

otherwise, Pearson’s chi-squared contingency table test

was used. Distributions of continuous variables in groups

were compared using Student’s t-test, one-way analysis of

variance (ANOVA), the Mann–Whitney test or the

Kruskal–Wallis test. If a variable was normally distributed

in each group and two groups were compared, Student’s

t-test was used. If the variable was normally distributed

in each group and more than two groups were compared,

one-way ANOVA was used. Otherwise, if the variable was

non-normally distributed in any of the groups, the

Mann–Whitney test in the case of two groups and the

Kruskal–Wallis test in the case of more than two groups

were used. P < 0.05 was considered statistically signifi-

cant. Two-sided tests were used. In the case of prospec-

tive analyses, the relative risk (RR) values were calculated

and in the case of retrospective analyses, the odds ratio

(OR) values were computed; 95% confidence intervals for

RR and OR were also estimated. Analysis was performed

with R, version 3.4.0 (R Foundation for Statistical Com-

puting, Vienna, Austria).

Results

The average age of study group patients was 80 years,

mean (SD) body mass was 70.4 (14) kg, body height was

161.2 (7.5) cm and BMI was 27.1 (5.0) kg m�2. Table 2

presents detailed data concerning study group patients.

Of the study group patients, 22.4% were qualified as

normally nourished according to all the adopted criteria

Table 1 Diagnostic criteria of abnormal nutritional status during Stage 0

Classification Abnormal nutritional status criteria (moderate/high risk of malnutrition)

MNA-SF Nestl�e Nutrition Institute (27) <12 points*

ESPEN 1 BMI < 18.5 kg m�2 or unintended body mass loss (>5% within the last 3 months or > 10% within an

unspecified time frame) and BMI < 20 kg m�2 for subjects <70 years; BMI < 22 kg m�2 for

subjects > 70 years

ESPEN 2 BMI < 18.5 kg m�2 or unintended body mass loss (> 5% within the last 3 months or >10% within an

unspecified time frame) and FFMI < 15 kg m�2 for women; FFMI < 17 kg m�2 for men

Alb and/or TLC Serum albumin < 3.5 g dL�1 and/or total lymphocyte count (TLC) < 1500 mm�³ of blood

*MNA-SF Nestl�e Nutrition Institute (27).

(A) Has food intake declined over the past 3 months because of a loss of appetite, digestive problems, chewing or swallowing difficulties?

0 = severe decrease in food intake; 1 = moderate decrease in food intake; and 2 = no decrease in food intake.

(B) Weight loss during the last 3 months: 0 = weight loss greater than 3 kg (6.6 lbs); 1 = does not know; 2 = weight loss between 1 and 3 kg

(2.2 and 6.6 lbs); and 3 = no weight loss.

(C) Mobility: 0 = bed or chair bound; 1 = able to get out of bed/chair but does not go out; and 2 = goes out.

(D) Has suffered psychological stress or acute disease in the past 3 months? 0 = yes and 2 = no.

(E) Neuropsychological problems: 0 = severe dementia or depression; 1 = mild dementia; and 2 = no psychological problems.

(F) BMI (kg m)�2: 0 = BMI less than 19; 1 = BMI 19 to less than 21; 2 = BMI 21 to less than 23; and 3 = BMI 23 or greater.

Alb, albumin; BMI, body mass index; ESPEN, European Society for Clinical Nutrition and Metabolism; FFMI, fat free mass index; MNA-SF, Mini-

Nutritional Assessment-Short Form; TLC, total lymphocyte count.
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during Stage 0. The remaining patients (77.6%) were clas-

sified as abnormally nourished, mostly on the basis of the

criteria of a screening assessment of the nutritional sta-

tus via MNA-SF (72.4%) and laboratory tests (Alb and/or

TLC) (53.9%). The lowest percentage of patients was

qualified as malnourished on the basis of ESPEN criteria

comprising unintended body mass loss and BMI value

(ESPEN 1) (17.1%) (Table 3).

Table 4 presents the results of statistical analysis of the

relationship between the nutritional status of study group

patients assessed during Stage 0 and the duration of hos-

pitalisation, and the complications occurring during the

subsequent 3, 6 and 12 months (i.e. declared at the Stages

1, 2 and 3). The results of laboratory tests (Alb and/or

TLC) and ESPEN 2 criteria were associated with the dura-

tion of hospitalisation, which was 2 and 4 days longer in

malnourished patients, respectively. Moreover, in the case

of laboratory test results (Alb and/or TLC), a statistically

significant association was revealed with all of the analysed

variables at every stage of the study.

The results of MNA-SF test performed at baseline

revealed no association with the incidence of complications

during the first stage of the study (within the first

3 months). However, during Stage 3 (after 12 months), all

of the reported associations were statistically significant.

Regarding the criteria of nutritional status assessment pro-

posed by ESPEN, more statistically significant relationships

were observed in the case of ESPEN 2 criteria (Table 4).

The analysis of the MNA-SF test results conducted dur-

ing subsequent stages of the study demonstrated that the

most marked relationship is observable in connection

with the frequency of hospitalisation and complications

occurring over 3 months before the test; all of the

reported associations were statistically significant

(Table 5). During three subsequent stages of the study,

when asked about infections and other diseases, patients

most commonly reported the incidence of common colds

and bacterial infections.

Discussion

An assessment of nutritional status aims to identify mal-

nourished patients or patients who are at risk of malnu-

trition as a result of these patients being exposed to

health complications. Therefore, one of the main objec-

tives of the present study was to indicate a set of criteria

for assessing nutritional status that has the highest associ-

ation relative to the duration of hospitalisation and the

occurrence of the complications, without indicating the

classification that has been recognised as a gold standard

by the majority of experts.

Abnormal nutritional status diagnosed with MNA-SF

test was reported in more than 70% of patients. TheT
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percentage of patients with abnormal nutritional status

diagnosed with the use of other criteria (i.e. ESPEN 1,

ESPEN 2 and Alb and/or TLC) was lower and the respec-

tive results were approximately 17%, 35% and 54%. Simi-

lar results were obtained in a Portuguese study by

Antunes et al. (30), who reported abnormal nutritional

status in approximately 60% of 201 elderly patients (59%

of females and 41% of males) diagnosed via an MNA-SF

test. An Irish study by O’Shea et al. (31) conducted among

606 patients (51% of females and 49% of males) aged

over 70 years with the same test showed that 45% of the

participants were at risk of malnutrition and 18% were

malnourished. Orlandoni et al. (32) reported a slightly

lower result obtained on the basis of ESPEN criteria in a

group of elderly patients (n = 284, 51% of females and

49% of males), where malnutrition was reported in

approximately 25% of participants. It is worth noting

that, as a result of the paucity of data regarding the level

of FFMI, the assessment was made on the basis of the cri-

terion that includes a low BMI value together with the

presence of unintended body mass loss (referred to as

ESPEN 1 in the present study). Moreover, slightly lower

results compared to the present study were obtained in a

Singaporean study by Pin Ng et al. (33), where, among

1550 patients (62% of females and 38% of males) older

than 55 years, malnutrition was reported in approxi-

mately 35% of patients diagnosed on the basis of serum

Alb concentration and in 5% on the basis of TLC.

In the present study, abnormal nutritional status was

most commonly diagnosed on the basis of the MNA-SF

screening test and laboratory test results (Alb and/or

TLC). The implementation of such criteria guarantees a

low risk of overlooking the described disorders, because

there is a high probability that a negative result translates

into normal nutritional status. However, it should be

emphasised that it is usually associated with an increased

probability of obtaining a positive result in a normally

nourished patient (a false-positive result) (34), which may

be corroborated by the fact that MNA-SF test results were

found to be unrelated to the duration of hospitalisation

and the incidence of complications over 3 months after

the test. Similar results were obtained in a study by

Raslan et al. (35), where abnormal nutritional status was

reported in approximately 75% of 705 patients (55% of

females and 45% of males) with an average age over

55 years based on MNA-SF test, which comprised the

highest result compared to other screening tests con-

ducted (i.e. NRS 2002 and MUST). However, no associa-

tion was found between the result and the duration of

hospitalisation and the risk of complications that fol-

lowed, whereas the relationships were stronger in the case

of tools other than the MNA-SF test. It is worth noting

that the present study revealed a significant association

between a low score in the MNA-SF test conducted at

baseline and the frequency of rehospitalisations and com-

plications during Stage 3 of the study (over the last

3 months of the observation). In turn, this may suggest

that the consequences of an abnormal nutritional condi-

tion recognised by the tool under consideration occurs at

a much later stage. This may be explained by the MNA-

SF test including, inter alia, existing mobility difficulties

and neuropsychological disorders, which are probably

associated with the risk of later complications. A detailed

analysis of obtained results suggests that the MNA-SF test

results reveal the strongest relationship with earlier com-

plications and are most probably dependent on them.

Further research in this area is required.

In the case of laboratory tests results (Alb and/or TLC),

their abnormal values were associated with a longer hospi-

talisation and also with an increased incidence of all of the

analysed events at every stage of the study (i.e. after 3, 6

and 12 months after the diagnosis of abnormal nutritional

status). Similar results were obtained in other studies, such

as as that by Herrmann et al. (36), who demonstrated that,

among 15 511 patients (54% of females and 46% of males)

older than 40 years, hypoalbuminaemia was highly related

to the duration of hospitalisation, mortality and rehospital-

isations (i.e. the tendency increased with age). However, in

a study by Niwano (37), the values of serum Alb concentra-

tion and total lymphocyte count were helpful in the deter-

mination of the prognosis in 592 (61% of females and 39%

of males) geriatric patients. This may be related to the fact

that biochemical deviations probably appear over the more

advanced phase of insufficient nutrition and indicate dee-

per decompensation, which may be associated with more

severe metabolic disorders, resulting in a worse clinical

condition and longer hospitalisation (13,16). Moreover, it

should be emphasised that the investigated biochemical

indices may be a result not only of malnutrition, but also

other factors, mainly associated with disease progression
(12). In addition, their relationship with the duration of

hospitalisation may result from delaying hospital discharge

until a patient’s laboratory test results improve.

The analysis of the results of research concerning diag-

nostic criteria proposed by ESPEN in 2015 showed that

the criteria that include abnormal values of FFMI (ESPEN

2) are more effective than criteria referring to BMI values

Table 3 Patients qualified as abnormally nourished depending on

adopted criteria Stage 0

MNA-SF ESPEN 1 ESPEN 2 Alb and/or TLC

Total n (%) 55 (72.4) 13 (17.1) 27 (35.5) 41 (53.9)

Alb, albumin; ESPEN, European Society for Clinical Nutrition and

Metabolism; MNA-SF, Mini-Nutritional Assessment-Short Form; TLC,

total lymphocyte count.
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(ESPEN 1) in the diagnosis of abnormal nutritional status

in the group of patients in the present study. Understand-

ably, a reduced muscle mass (sarcopenia) with a simulta-

neous increase in the amount of adipose tissue with a

resultant unchanged (or even increased) body mass is

commonly observed in the elderly. Such a problem may

be observed in 50% of the population of patients aged

over 80 years (7–9). Moreover, it was noted that the con-

firmation of an abnormal nutritional status with ESPEN

2 criteria has a higher association with the duration of

hospitalisation of patients and the frequency of rehospi-

talisations, as well as with the incidence of complications

at every stage of the study, especially after 6 and

12 months of observation compared to ESPEN 1 criteria.

Similar results were obtained by Kyle et al. (38) who

reported that, among 1707 patients (47.8% of females

and 52.2% of males), reduced FFMI was associated with a

higher occurrence of post-operative infections and a

longer period of hospitalisations among patients admitted

for an elective cardiac surgery.

To our knowledge, the present study is one of the first

to analyse the clinical value of various criteria of the diag-

nosis of abnormal nutritional status in the light of the

new ESPEN definition for malnutrition. However, some

Table 4 Relationship between nutritional status (abnormal versus normal) assessed with various criteria at baseline (Stage 0) and the duration of

hospitalisation and the frequency of rehospitalisations and complications over 3, 6 and 12 months of observation

MNA-SF

Stage 0 (abnormal

versus normal)

ESPEN 1

Stage 0 (abnormal versus

normal)

ESPEN 2

Stage 0 (abnormal versus

normal)

Alb and/or TLC Stage 0

(abnormal

versus normal)

Stage 0

Duration of

hospitalisation (days),

median [IQR]

NS NS 13.0 [8.0–17.5] versus

9.0 [6.0–12.0]*

11.0 [8.0–15.0] versus

9.0 [6.0–12.5]*

Stage 1 (after 3 months)

Rehospitalisations,

n (%)

RR, 95% CI

NS 7 (58.3) versus 12 (20.3)**

RR = 2.87, 1.43–5.75

12 (50.0) versus 7 (14.9)**

RR = 3.36, 1.52–7.41

15 (40.5) versus 4 (11.8)**

RR = 3.45, 1.27–9.37

Infections and other

diseases n (%)

RR, 95% CI

NS NS NS 24 (64.9) versus 12 (35.3)*

RR = 1.84, 1.10–3.07

Antibiotic treatment

n (%)

RR, 95% CI

NS 7 (58.3) versus 11 (18.6)**

RR = 3.13, 1.53–6.40

NS 14 (37.8) versus 4 (11.8)*

RR = 3.22, 1.17–8.82

Stage 2 (after 6 months)

Rehospitalisations

n (%)

RR, 95% CI

25 (52.1) versus 3 (14.3)*

RR = 3.65, 1.24–10.76

NS 14 (60.9) versus 14 (30.4)***

RR = 2.00, 1.16–3.45

19 (54.3) versus 9 (26.5)*

RR = 2.05, 1.08–3.88

Infections and other

diseases n (%)

RR, 95% CI

23 (48.3) versus 5 (23.8)*

RR = 2.45, 1.10–5.46

NS 17 (73.9) versus 16 (34.8)**

RR = 2.12, 1.34–3.38

25 (71.4) versus 8 (23.5)***

RR = 3.04, 1.60–5.76

Antibiotic treatment

n (%)

RR, 95% CI

NS NS 10 (43.5) versus 8 (17.4)*

RR = 2.50, 1.14–5.47

15 (42.9) versus 3 (8.8)**

RR = 4.86, 1.54–15.28

Stage 3 (after 12 months)

Rehospitalisations

n (%)

RR, 95% CI

28 (65.1) versus 4 (19.0)***

RR = 3.42, 1.38–8.48

5 (83.3) versus 27 (46.6)*

RR = 1.79, 1.14–2.81

15 (83.3) versus 17 (37.0)***

RR = 2.25, 1.47–3.47

23 (71.9) versus 9 (28.1)***

RR = 2.56, 1.41–4.63

Infections and other

diseases n (%)

RR, 95% CI

33 (76.7) versus 13 (63.2)**

RR = 2.69, 1.34–5.39

NS 17 (94.4) versus 22 (47.8)**

RR = 1.97, 1.43–2.72

26 (81.2) versus 13 (40.6)**

RR = 2.00, 1.27–3.14

Antibiotic treatment

n (%)

RR, 95% CI

24 (55.8) versus 9 (42.3)**

RR = 3.91, 1.33–11.51

NS 15 (83.3) versus 12 (26.1)***

RR = 3.19, 1.88–5.42

20 (62.5) versus 7 (21.9)**

RR = 2.86, 1.41–5.80

*P < 0.05; **P < 0.01; ***P < 0.001.

Alb, albumin; CI, confidence interval; ESPEN, European Society for Clinical Nutrition and Metabolism; IQR, interquartile range; MNA-SF, Mini-Nutri-

tional Assessment-Short Form; NS, not significant; RR, relative risk; TLC, total lymphocyte count.
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limitations need to be kept in mind when interpreting

the data. First, the generalisability of the findings may be

limited by the study population chosen and the study

group included. People with severe communication prob-

lems, as well as acute or chronic confusion, were excluded

because the research could only be completed when a

patient was able to communicate or corroborate. It is

possible that those excluded were more likely to be nutri-

tionally at risk. Moreover, there was a prevalence of

females (82%) in the study group; consequently, this may

result in difficulties with respect to relating the results

obtained to those of the general elderly population.

Another important limitation is the absence of multivari-

ate analysis to determine the independence of the associa-

tion between malnutrition and the selected outcomes.

Conclusions

• Abnormal nutritional status is a common phe-

nomenon in hospitalised patients aged over 65 years with

a diagnosis of cardiovascular disease.

• The largest group of patients was recognised as those

individuals with abnormal nutritional status based upon

the two classification criteria: screening assessment of

nutritional status (MNA-SF) and laboratory tests results

(Alb and/or TLC). ESPEN criteria, including BMI values,

as a result of unfavourable changes occurring in body com-

position in elderly people, are the least useful for the assess-

ment of nutritional status in patients within this age group.

• The set of criteria for assessing nutritional status most

related to the duration of hospitalisation and the inci-

dence of complications includes laboratory tests (Alb

and/or TLC) and ESPEN criteria comprising the value of

FFMI.

• The results of nutritional status assessment with

MNA-SF questionnaire are strongly related to the inci-

dence of complications, predominantly over the last

3 months prior to assessment. The results of analyses

concerning their relationship with a later onset of compli-

cations are contradictory. Therefore, it is necessary to

conduct further research in this area.
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Abstract

Background: Anorexia of ageing (AA) may be considered as a risk factor for

frailty and has an important impact on quality of life, morbidity and mortality.

Methods: A systematic review and a meta-analysis were performed to sum-

marise the results from several trials on the effectiveness of treatments in

AA, as associated with depression, sensory impairment of taste and smell,

decreased appetite or early satiety, and disability. Eligible studies were

required to report baseline and follow-up values, the mean change (Δ-
change) from baseline, and/or the mean difference among intervention

groups versus control group, concerning food intake (kcal/daily) and/or

nutritional outcomes, such as body weight, body mass index, albumin and

Mini Nutritional Assessment.

Results: The systematic review included 20 papers based on different thera-

peutic approaches concerning food intake and/or nutritional outcomes. The

results of the meta-analysis indicate that the interventions for AA have an

important impact on body weight [+1.59 kg; 95% confidence interval

(CI) = 1.48–+1.71 kg; P < 0.001) and on energy intake (+56.09 kcal; 95%

CI = �54.05 to +166.25 kcal; P = 0.32). Regarding secondary outcomes, it

was not possible to meta-analyse the limited amount of data availab le.

Conclusions: The different variants of AA need to be defined because

diverse therapeutic approaches are available. A more precise definition of

the functional impairments associated with AA may allow a more correct

decision about the most appropriate therapy to be prescribed. Moreover,

this may allow for a more effective performance of the different therapeutic

approaches once they are better targeted to the different scenarios of AA.

Introduction

A reduction of appetite and food intake, namely, anorexia

of ageing (AA), is frequently observed in the elderly; it

can be considered as a risk factor for frailty, and it has a

relevant impact on quality of life, morbidity and mortal-

ity (1–6). Indeed, several studies conducted in community-

dwelling and institutionalised elderly subjects have

indicated that AA and unintentional weight loss are dom-

inant risk factors for protein-energy malnutrition, sar-

copenia, physical frailty and mortality, independent of

age, sex and other potential confounders (7,8). A number

of screening tools are available to identify subjects at risk

of developing anorexia, including Functional Assessment

of Anorexia/Cachexia Therapy; the Appetite, Hunger and

Sensory Perception Questionnaire; and the Simplified
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Nutritional Assessment Questionnaire (9–12). In clinical

practice, AA can be diagnosed when, in the absence of

alterations in the oral cavity that can affect the physiolog-

ical act of eating and/or masticatory function, sponta-

neous food intake is significantly reduced (≤50% of the

standard portion served or ≥25% of food left uneaten at

two-thirds of meals for ≥3 days) (13–15).

The prevalence of AA is highly variable in the different

epidemiological studies; it is approximately 30% in hospi-

talised subjects in acute care and rehabilitation wards and

it decreases in free-living subjects; however, it remains at

approximately 10% (7,16,17,18). Anorexia should not be

considered as an inevitable ‘side effect’ of ageing because

many risk factors, such as disability, depression, sensory

impairments, reduced chewing efficiency and a decline in

gastrointestinal functions, can be identified and poten-

tially corrected (19).

Macronutrient distribution can affect oral intake; a

higher proportion of energy from fat appears to increase

the satiety signal from glucagon-like peptide-1 and

decrease hunger (20). Protein intake moderately beyond

the recommended dietary allowances in older adults

appears to have a beneficial effect on muscle protein ana-

bolism and appetite regulation, favouring the preservation

of muscle mass at the same time as controlling body fat
(20). Different studies have confirmed the positive effects

of oral nutritional supplements in malnourished older

adults and different pharmaceutical approaches have been

used in AA (e.g. megesterol, meclobemide, tetrahydro-

cannabinol, cyproheptadine, cholecystokinin antagonists),

although the results are conflicting (21–25). Improving the

ambiance of dining rooms and assistance with meals (i.e.

allowing adequate time for caregivers to feed subjects

with disability or ‘slow-eaters’), encouraging the relatives

to be present during the mealtime and providing them

with ethnically appropriate food choices may be helpful

with respect to improving the nutritional status of free-

living elderly subjects and nursing home residents (26–28).

Therefore, a systematic review and a meta-analysis were

performed to summarise the findings from several tri-

als on the effectiveness of treatments in AA.

Materials and methods

The present systematic review was conducted in accor-

dance with the PRISMA (Preferred Reporting Items for

Systematic Review and Meta-Analyses) statement (29).

It was performed using the steps:

• Formulation of the review question: ‘anorexia of

ageing: treatment procedures’;

• Definition of participants: geriatric patients

(≥65 years), both sexes, from all settings;

• Search strategy for the identification of relevant inter-

vention studies on anorexia of ageing;

• Analysis of the data through the systematic review

and meta-analysis.

Search strategy

English-written articles were identified by searching the

Medline database (30), Scopus (31), ISI Web of Science (32)

and Google Scholar (33).

The search strategy was based on the search terms:

‘anorexia of aging’ AND ‘sensory impairment’ OR ‘taste

impairment’ OR ‘smell impairment’ OR ‘swallowing

impairment’ OR ‘chewing impairment’ OR ‘depression’ OR

‘feeding’ OR ‘oral supplement’ OR ‘enriched meal’ OR’ ex-

ercise’ OR ‘nutritional intervention’. In a first stage, four

individuals (SP, MR, LMD and EP) independently per-

formed a systematic review of the literature, employing

the same search strategy. In a second stage, duplicate

records were removed and discrepant records were care-

fully investigated within these four individuals before

selecting retrieved papers for full-text review.

Eligible studies were required to report baseline and fol-

low-up values, the mean change (Δ-change) from baseline,

and/or the mean difference among intervention groups

versus control group, concerning food intake (kcal day–1)

and/or nutritional outcomes [such as body weight (BW),

body mass index (BMI), plasma albumin levels, Mini

Nutritional Assessment (MNA) score]. Studies in subjects

with any cancers in the terminal phase, with good nutri-

tional status (MNA > 23.5), with any acute diseases,

uncertain life expectancy or undergoing artificial nutri-

tion, palliative care or chemotherapy, were excluded.

Analysis of the data and presentation of the outcomes

Clinical trials investigating the effectiveness of dietary or

pharmacological treatment in AA were included. For each

study, the data specified were: the author, the name of

the journal in which the study was published and the year

of publication, the number and age of participants

enrolled in the study, the drop-out rate, the study charac-

teristics, and the therapeutic intervention, duration and

outcomes. A meta-analysis for pooled estimate for aggre-

gated data was performed.

Risk of bias in individual studies

The risk of bias of each study was assessed using the

Cochrane Collaboration Risk of Bias tool (34) and, consid-

ering as factors contributing to the study quality, the

generation of the allocation sequence, allocation conceal-

ment, blinding of outcome data, the presence of incom-

plete data and selective reporting. These factors were
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classified as low risk of bias, high risk of bias or an

unclear risk of bias. Studies with a low risk of bias for at

least three items were considered as good; studies with a

low risk of bias for at least two items were considered as

fair, and studies with a low risk for no item or only for

one item were regarded as poor. Only randomised con-

trolled trials were included in the meta-analysis.

Results

The literature search retrieved 322 papers via database

searching and 84 papers were selected via full-text revision.

Sixty-four studies were excluded. The 20 remaining studies

(17 clinical trials, all presenting a control group and three

observational studies) were selected for the present system-

atic review. The systematic review includes 20 studies with

a total of 1515 adults aged 59–99 years. Of these 20, 12

randomised clinical trials were included in a meta-analysis.

Figure 1 shows the study selection procedure.

The general data concerning the different studies are

provided in the Supporting information (Table S1), as

are the specific interventions and the results obtained (see

Supporting information, Table S2). The duration of the

studies was from 8 weeks to 24 months.

The inclusion criteria considered in the selected studies

are very different, with a diverse combination of parame-

ters: accidental weight loss, low BMI (<18, 21 or

25 kg m–2 in different studies), BW below 80% of ideal

weight, reduced levels of albumin (<35 or 38 g L–1 in dif-

ferent studies), prealbumin serum levels < 0.18 g L–1,

MNA score below 23.5, the concurrence of acute illness

or the presence of chronic illness or dementia, and the

need for assistance during meals.

The definition of AA in the different studies was based

on:

• Reduced dietary intake [not specifically quantified in

six studies; objectively quantified (left more than 25% of

their food uneaten at two-thirds of meals) in two studies;

evaluating reduced dietary intake and sensory perceptions

(olfactory sensitivity; appetite, hunger, sensory percep-

tion) in one study];

Records iden�fied through 
database searching

(n = 435)

Addi�onal records iden�fied 
through other sources

(n = 432)

Records a�er duplicates removed(n = 322 )

Ar�cles retrieved for full-
text review (n = 84)

Full-text ar�cles excluded, 
with reasons

(n = 64)

Studies included in 
qualita�ve synthesis
(systema�c review)

(n = 20)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n = 12)

Ar�cles excluded a�er reading the 
abstract (n = 238)

23 included subjects with 
acute diseases

14 used ar�ficial nutri�on

18 included subjects
undergoing chemotherapy

9 included subjects that were 
not matching AA defini�on

Figure 1 Flow diagram of the study.
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• Self-reported poor or fair appetite in one study;

• MNA score (considering the item aimed at assessing

appetite in one study or the global score referring to the

definition of ‘at risk of malnutrition’ in four studies);

• The presence of malnutrition (one study) or risk of

undernutrition according to the physician judgment (two

studies);

• The presence of disability that can affect eating in

three studies.

The types of intervention were classified into five

groups: pharmacological approaches (13,35,36), nutritional

interventions or supplementation (37–46), flavour enhance-

ment (47–49), assistance with meals (50–52), combination of

nutritional intervention and exercise programme (53).

Results of interventions

Considering the different interventions

• Pharmacological approaches: antidepressants were

effective with respect to increasing BW, MNA score and

serum albumin levels significantly (P < 0.05) in subjects

without dementia (35), whereas, in the study conducted

by Wilson et al. (13) (using dronabinol), weight gain was

not significant. Megestrol acetate was used in one ran-

domised controlled trial conducted in 47 elderly subjects,

recently discharged from an acute care hospital, with fair

or poor appetite. Participants were randomised to four

different intervention groups (placebo or megestrol acet-

ate 200, 400 mg or 800 mg day–1) for 9 weeks. No signif-

icant differences were found between treatment groups

with respect to appetite and albumin levels, whereas pre-

albumin increased in a dose–response relationship (36).

• Nutritional intervention or supplementation: hot eve-

ning meal, protein and energy enriched soups and sauces

or supplementation [with cookies or oral nutritional sup-

plements (ONS)] were effective with respect to improving

significantly (P < 0.05) nutritional parameters (energy

intake, BW, BMI, albumin concentrations, MNA score)
(37,39–43,45). ONS were not effective only in the study con-

ducted by Bos et al. (44), whereas a hot evening meal was

not effective in the study conducted by Odlund et al. (38);

• Flavour enhancement: flavour enhancers and sauces

added to the main dish were effective with respect to sig-

nificantly increasing BW or energy intake in two studies
(47,49), whereas they did not improve any nutritional

parameters in the study by Essed et al. (48);

• Meal assistance: assistance with the meal was effective

with respect to significantly increasing different nutri-

tional parameters especially energy intake and MNA score

(P < 0.05), whereas it did not affect BW or BMI (50–52);

• Combination of nutritional intervention and exercise: in

the only study adopting this approach, this was not found

to be effective with respect to improving BW, BMI,

energy intake or albumin concentrations (53).

Considering the different nutritional outcomes:

• Changes in body weight: seven clinical trials
(35,37,39,40,45–47) using different approaches, including

antidepressants, hot evening meal, protein and energy

enriched soups and sauces supplementation with cookies,

flavour enhancers and ONS, demonstrated a statistically

significant increase in intervention groups. BW varied

from +0.73 to +2.4 kg depending on the study

(P < 0.05). Five other trials using different approaches,

such as assistance with the meal, flavour enhancers and

other nutritional interventions or supplementation, found

no significant weight gain (44) or registered a nonstatisti-

cally significant weight gain in the intervention groups

compared to the control groups (38,42,43,50). Finally, two

observational studies reported contradictory observations:

in the study conducted by Wilson et al. (13) (using dron-

abinol), the increase in BW was not significant, whereas,

in the study by Cruz-Jentoft et al. (43), the use of ONS

led to a significant increase in BW (+2.1 kg; P < 0.0001);•
Changes in body mass index: in three randomised clini-

cal trials based on nutritional interventions or supple-

mentation (39,40,45), BMI increased significantly in

intervention groups (BMI: +0.5, +0.8 and +1.3 kg/m2,

respectively; P < 0.05) compared to the control group,

whereas the change in BMI was not significant in other

studies using hot evening meals, feeding assistance or

ONS (38,43,51);

• Changes in albumin levels (in g L–1 and/or as a per-

centage): the three studies that evaluated the effects of

interventions in terms of albumin levels produced con-

trasting results: both significant and nonsignificant

increases or decreases. In a longitudinal study using

antidepressants (35) albumin levels increased significantly

(+1.78 g L–1; P < 0.05) in subjects without dementia,

whereas the increase in subjects with dementia was not

statistically significant. In another study using ONS (39), a

statistically significant decrease in albumin levels was

observed in both intervention and control groups (�2.0

and �2.6%, respectively; P < 0.05). In a randomised clin-

ical trial performed by Wouters-Wessling et al. (40) (using

ONS), a nonsignificant increase in albumin levels was

found in both intervention (+1.3 g L–1) and control

groups (+1.4 g L–1);

• Changes in Mini Nutritional Assessment score: three

randomised controlled trials (42,45,50) and one observa-

tional study (43) using nutritional intervention/supple-

mentation and assistance with meal showed a significant

increase in MNA score in intervention groups (+3.6, +3,

+1 and +2.5 points, respectively; P < 0.05).The results of

the study conducted by Thomas et al. (35) (based on
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antidepressant therapy) showed a significant increase in

MNA score (+0.76 points; P < 0.05) in subjects without

dementia, whereas, in subjects with dementia, the increase

was not significant;

• Changes in energy intake: four studies (41,49,50,52) (us-

ing different approaches: dronabinol, nutritional interven-

tion or supplementation, assistance with a meal) showed

a statistically significant increase in energy intake in inter-

vention groups (energy intake variation: from +115 to

+341 kcal day; P < 0.05). By contrast, two studies (48,53)

(using assistance with a meal and a combination of nutri-

tional intervention and exercise programme, respectively),

found no significant variation in energy intake in the

intervention groups.

Meta-analysed data

The meta-analysed mean differences for random effects

(MD) showed a significantly greater increase in BW

(MD = �1.59 kg; range = 1.47 to 1.71; P < 0.01) (Fig. 2)

and in energy intake (MD = 56.09 kcal; range = �54.05

to 166.24; P = 0.32) regardless of the approach adopted

to treat AA (Fig. 3).

In the five studies (40,42,47,48,50) (242 subjects in the

intervention groups and 232 subjects in the control

groups) that considered BW as an outcome variable,

there was a significant increase (Fig. 2) when comparing

the results of the intervention groups with those of the

control groups. The test for heterogeneity indicated that

the treatment effect was not significantly different

between the considered studies (P < 0.93) with I2 val-

ues = 0%. Mean differences of random effects showed a

change in BW of �0.8 (�7.68, +6.08) kg, �0.0 (�6.8,

+6.8) kg, �0.90 (�7.75, +5.95) kg (48), +1.51 (+0.09,
+2.93) kg (42), +1.40 (+0.69, +2.11) kg (47), +1.60 (+1.48,
+1.72) kg (50), +2.2 (+0.41, +3.99) kg (40) between groups,

as shown in Fig. 2 as mean difference IV random effects.

In four studies (41,48,50,53) considering the energy intake

as the outcome variable (634 subjects in the intervention

groups and 265 subjects in the control groups), there was

no significant increase in energy intake (Fig. 3) when

comparing the results of the intervention groups to the

control groups. However, the tests for heterogeneity indi-

cated that the treatment effect was significantly different

between the different studies (P < 0.001) with I2 = 96%.

Mean differences of random effects between groups

showed changes in energy intake of +36 (�67, +139) (41),

0 (�171, +171), +141 (�52, +335), +119 (�75, +314)
(53), �20 (�85, +45), �16 (�70, +37), �5 (�61, +51)
(48) and +215 (+202, +228) (50) kcal, as shown in Fig. 3 as

mean difference IV random effects.

Risk of bias

Figure 4 shows the methodological quality of the studies.

Only nine studies were suitable for all the five items

considered for the methodological quality assessment

(six studies were blinded for the variables considered).

In summary, no studies were rated as appropriate in

random sequence generation and in allocation conceal-

ment, 75% of the studies were rated as appropriate in

blinding of participants and personnel, 75% of the stud-

ies were adequate in blinding of the outcome assess-

ment, 80% reported incomplete outcome data, 90%

gave only a selective reporting, and 75% showed other

bias.

Study or Subgroup
Essed 2007
Essed 2007
Essed 2007
Gazzotti 2003
Lauque 2000
Lundholm 2004
Mathey 2001
Nijs 2006
Pouyssegur 2015
Smoliner 2008
wouters-welling 2002

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.94, df = 6 (P = 0.93); I² = 0%
Test for overall effect: Z = 27.08 (P < 0.00001)

Mean
–0.8
–0.7
0.1

0.28
1.47
1.5
1.1
0.5

2.01
2

1.4

SD
3.3
3.6
2.4
3.8

0
0

1.3
0.4

0
0

2.4

Total
20
20
17
39
37

137
36
94
88
22
16

242

Mean
0.1
0.1
0.1

–1.23
–0.93

0
–0.3
–1.1

–0.46
1.6

–0.8

SD
14.9
14.9
14.9

2.5
0

6.6
1.6
0.4

0
0
3

Total
19
19
19
41
41

169
31
84
87
30
19

232

Weight
0.0%
0.0%
0.0%
0.7%

2.7%
96.2%

0.4%

100.0%

IV, Random, 95% CI
–0.90 [–7.75, 5.95]
–0.80 [–7.68, 6.08]
0.00 [–6.80, 6.80]

1.51 [0.09, 2.93]
Not estimable
Not estimable

1.40 [0.69, 2.11]
1.60 [1.48, 1.72]

Not estimable
Not estimable

2.20 [0.41, 3.99]

1.59 [1.48, 1.71]

Intervention Control Mean difference

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

+ + – + – – +
+ + – + – – +
+ + – + – – +
+ + + – + + +
+ + – + + + –
+ + + + + + –
+ + + + – + –
+ + + – + + +
+ + + + + + +
+ + + + + + +
+ + + + + + +

Risk of bias
A B C D E F G

Mean difference
IV, Random, 95% CI

–100 –50 0 50 100
Favours [experimental] Favours [control]

Figure 2 Effectiveness of treatments on body weight in the randomised controlled clinical trials included in the meta-analysis. CI, confidence

interval.
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Discussion

This systematic review was able to select only a limited

number of papers based on different therapeutic

approaches, yielding contrasting results. The recent sys-

tematic review conducted by Malafarina et al. (54) con-

cluded that these treatments were not effective for AA

because they were not able to modify significantly the

concentration of peptides involved in appetite control.

The results of this meta-analysis indicate that the inter-

ventions for AA have an important impact on BW

(+1.59 kg, P < 0.001), whereas the effects on energy

intake (+56.09 kcal, P = 0.32) do not appear to be statis-

tically significant. With regard to secondary outcomes,

such as albumin levels, MNA score and BMI changes, it

was not possible to meta-analyse the data as a result of

the limited amount of data available.

Although numerous studies suggest different

approaches for managing AA, evidence based on ran-

domised controlled clinical trials is scarce. It is important

to note that following a nutritional support could be dif-

ficult for this population as a result of the coexistence of

many factors: loss of appetite, inactivity, sensory impair-

ment, early satiation, psychological disorders and mental

impairments. Furthermore, AA treatment requires a mul-

tidimensional approach, including food manipulation

(improvement of flavour, food texture and palatability,

increasing dietary variety, and feeding assistance), correc-

tion of environmental threat (preventing social isolation

and improving conviviality, particularly in nursing home

residents, providing adequate individual feeding assis-

tance, changing the mealtime routine, modifying the din-

ing environment, and staff training), reduction of

pharmacological risk factors (a certain number of cardio-

vascular, psychiatric and anti-rheumatic drugs may

reduce appetite) and treatment of underlying medical

causes (swallowing disorders, dyspepsia, malabsorption

syndromes, neurological causes, endocrine and psychiatric

disorders, respiratory diseases and cardiovascular dis-

eases), as recommended in mumerous studies (26,55–59).

Study or Subgroup
Chu 2001
De Jong 1999
De Jong 1999
De Jong 1999
Essed 2007
Essed 2007
Essed 2007
Nijs 2006

Total (95% CI)
Heterogeneity: Tau² = 21747.34; Chi² = 172.26, df = 7 (P < 0.00001); I² = 96%
Test for overall effect: Z = 1.00 (P = 0.32)

Mean
301

–95.54
45.77
23.88
7.64
4.06

18.63
115

SD
95

334.34
286.62

310.5
67.5

106.29
84.07

47

Total
9

397
35
39
19
19
22
94

634

Mean
265

–95.54
–95.54
–95.54

24
24
24

–100

SD
133

501.58
501.58
501.58

107
107
107

39

Total
10
34
34
34
23
23
23
84

265

Weight
12.9%
10.7%
10.0%
10.0%
14.0%
13.8%
14.0%
14.5%

100.0%

IV, Random, 95% CI
36.0000 [–67.1857, 139.1857]
0.0000 [–171.7744, 171.7744]

141.3100 [–52.1878, 334.8078]
119.4200 [–75.3135, 314.1535]
–16.3600 [–69.5897, 36.8697]
–19.9400 [–84.7194, 44.8394]

–5.3700 [–61.4621, 50.7221]
215.0000 [202.3575, 227.6425]

56.0966 [–54.0536, 166.2469]

Intervention Control Mean difference

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

+ + + + + + +
+ + + – + + +
+ + + – + + +
+ + + – + + +
+ + – + – – +
+ + – + – – +
+ + – + – – +
+ + + – + + +

Risk of bias
A B C D E F G

Mean difference
IV, Random, 95% CI

–100 –50 0 50 100
Favours [experimental] Favours [control]

Figure 3 Effectiveness of treatments on energy intake in the randomised controlled clinical trials included in the meta-analysis. CI, confidence

interval.
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Figure 4 Summary of bias in either outcome considered: body weight and energy intake.

133ª 2018 The British Dietetic Association Ltd.

S. Perna et al. Therapeutic strategies in anorexia of ageing



Special attention should be also given to the nutritional

screening tools, which constitute the primary intervention

in the treatment of AA. MNA-Short Form and MNA-

Long Form are considered among the best screening

questionnaires, with a high accuracy for the prediction of

malnourished elderly subjects, although the most recent

versions of Nutritional Risk Screening also show good

results in terms of compliance of subsequent nutritional

treatments in younger residents of multiple healthcare

sites, and perhaps this result could be significant also for

older adults (60,61). Additionally, the use of body composi-

tion and functional assessment techniques has become

more frequent in the evaluation of nutritional status, with

an improvement of the health outcomes of subjects,

although clinical practice should evolve even more in this

area, moving beyond current approaches (62).

Pharmacological approaches to AA have focused on

research trials, in particular on interventions that try to

modify neuropeptide regulation (administration of ghre-

lin, cholecystokinin and Melanocortin 4 receptor antago-

nists, drugs blocking protein catabolism) (51). Thomas

et al. (35) examined the effects of antidepressant therapy

(mainly serotonin reuptake inhibitors; SSRIs) in AA asso-

ciated with depression. Antidepressants were effective

with respect to increasing BW, MNA score and albumin

concentrations both in subjects with or without dementia.

Previously, a study by Hilas et al. (57) involving mirtazap-

ine assessed its favourable effects on appetite and weight

in adults compared to placebo and other antidepressants.

Mirtazapine may have multiple effects in subjects

with weight loss because it relieves symptoms associated

with depression, it regulates the gastrointestinal motor or

sensory functions, and it significantly increases BW

(mainly as a result of growth of visceral fat) (63). Another

study (64), comparing the effects of older tricyclic antide-

pressants (TCAs) and newer SSRIs in relation to weight

gain in nursing home residents showed that TCAs do not

contribute to weight gain more than other antidepres-

sants.

In studies that considered subjects with AA combined

with decreased appetite (13,37–43) or with early satiety
(44,45,53), interventions focused on nutritional interven-

tions characterised by providing an additional intake of

cookies with high protein/energy density, liquid oral sup-

plements enriched with micronutrients, a hot evening

meal or adding flavour enhancers to the main dish. The

results obtained in most of these studies, where decreased

appetite was involved, showed an increase in BW and

energy intake, whereas ONS combined with an exercise

programme was not effective in the studies where AA was

combined with early satiety (65,66). A recent systematic

review of the literature suggests that increasing energy/nu-

trients density of food intake may increase energy intake

in older adults with anorexia (67). It should be empha-

sised, as suggested by Yeomans et al. (68), that ONS pre-

loads (mainly maltodextrin) may reduce the general

desire to eat, whereas the administration of dietary sup-

plements between meals is more effective with respect to

increasing energy consumption (69).

Sensory impairments in the elderly can lead to a

reduced enjoyment of food and then to AA and, by this

route, to a greater risk of frailty in community-dwelling

elderly people (70). A reduced ability to differentiate

between various intensities or concentrations of taste and

smell can result in anorexia (71). With respect to the treat-

ment of AA combined with sensory impairment of taste

and smell, flavour enhancers or sauces added to the main

dish were effective with respect to increasing BW or

energy intakes in two studies (47,49), whereas they did not

elicit any improvements in nutritional parameters in the

study by Essed et al. (48). In the literature, considering

different groups of subjects, the results remain contradic-

tory: a study conducted by Havermans et al. (72) found

that flavour intensification did not alter sensory-specific

satiety, whereas other studies suggest that the consump-

tion of food with enhanced chemosensory properties

could provide nutritional benefits and help to prevent

weight loss. In particular, monosodium glutamate (MSG)

appears to be effective with respect to improving both

flavour enhancement and food intake (73). However, in

the study conducted by Essed et al. (48) MSG (0.5% and

2%) did not appear to be effective with respect to

improving food intake in an elderly sample. In addition,

a recent systematic review considering studies conducted

in all age groups could not provide sufficient evidence to

recommend zinc supplementation for improving taste

perception or acuity in zinc deficiency-related or idio-

pathic dysgeusia (74,75).

The treatment of AA associated with disability is

mainly characterised in the selected studies by assistance

with meals and repeated measurement of BW (46,50–52).

In this category of subjects, the administration of fruits

and high protein supplements, as suggested by Lauque

et al. (46), appears to be effective. Moreover, an exercise

programme may affect the regulation of energy balance

through the stimulation of corticotrophin-releasing hor-

mone (CRH) and neuropeptide Y (NPY). In particular,

NPY, by producing orexigenic effects and reducing ther-

mogenesis, tends to counterbalance the physiological

effects of CRH and therefore overcomes the effects of

exercise on energy loss (76). Unfortunately, the only

study considered in this systematic review using an

exercise programme (focused on skill training, including

strength, endurance, coordination and flexibility) (53)

did not show beneficial effects: energy intake, BW and

BMI were not positively affected by the intervention
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combining nutrient-dense products and an exercise

programme.

Strength and limitations of the present study

The strength of this systematic review is represented by

an attempt to analyse the practical interventions proposed

for AA when considering diverse clinical scenarios based

on its combination with different functional impairments.

Indeed, AA combined with disability, for example, may

be very different in clinical manifestations compared to

AA combined with sensory impairment, depression or

lack of appetite/early satiation. A limitation of the present

study is therefore represented by the limited number of

studies that were selected, or even available and appropri-

ate for inclusion, especially for the meta-analysis that

could consider only BW and energy intake as study out-

come variables.

Conclusions

It is necessary to define the different variants of AA

because diverse therapeutic approaches are available. A

better definition of the functional impairments combined

with AA may allow a more correct decision to be made

about the most appropriate combination of therapies to

be prescribed. Moreover, this may allow for a greater effi-

cacy of the different therapeutic approaches once they are

better targeted to the different clinical scenarios of AA.

Finally, different treatments show a potentially favourable

effect on BW (or BMI), energy intake, albumin levels and

MNA score, suggesting the need for further research

using long-term intervention studies in large study groups

in with the aim of defining the best approach for the

management of AA.
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