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EDITORIAL

Fermentable carbohydrates in functional bowel disorders:
new insights

There has been a dramatic increase in the use of diet

therapies for the management of functional bowel disor-

ders, particularly irritable bowel syndrome (1). These

include diets such as the NICE (National Institutes for

Clinical Excellence) guidelines, gluten-free diets and diets

restricting food constituents such as capsaicin (1); how-

ever, diets low in fermentable carbohydrates have received

the greatest attention over recent years. FODMAPs refer

to fermentable oligosaccharides (fructans, galacto-

oligosaccharides), disaccharides (lactose), monosaccha-

rides (excess fructose) and polyols (e.g. sorbitol, manni-

tol). FODMAPs are poorly absorbed in some people

(and, in the case of oligosaccharides, in all people) and,

upon reaching the colon, are fermented by the micro-

biota, producing gases, short-chain fatty acids and other

potentially biologically active metabolites.

Although the low FODMAP diet is increasingly

embraced by physicians, dietitians and patients alike, there

are ongoing questions regarding the magnitude of the ben-

efit, the inability to identify patients most likely to respond,

and the lack of understanding about the pathophysiology

and mechanisms, as well as the safety implications (1). To

assist in addressing these concerns, the editors of two lead-

ing journals in the area, Neurogastroenterology and Motility

and the Journal of Human Nutrition and Dietetics, have

assembled key papers in a single virtual issue, and all are

available via open access.

This issue contains three comprehensive reviews that

carefully examine the impact on symptoms of the numer-

ous low FODMAP diet intervention studies (1–3) and

safety issues. Although almost all studies report significant

symptom improvement, these reviews also discuss the

limitations of these studies, with a particular focus on the

challenges of conducting well-designed dietary clinical

trials. Consequently, the reported 50–80% improvement

of symptoms is not solely a result of the diet and reflects

a number of other factors, including the impact of inten-

sive counselling and support, patient unblinding and

expectation bias. As a result, the true benefit of the diet-

ary intervention remains unclear. In view of this knowl-

edge gap, two of these reviews provide clinical guidelines

for the implementation of dietary therapies including a

low FODMAP diet (2,3). Despite these concerns, in a

proof-of-concept study, an algorithmic approach to

diagnosis and management prior to assessment by a spe-

cialist was evaluated and patient introduction of a low

FODMAP was reported to be effective (4).

One of the ongoing issues regarding the low FODMAP

diet is its complexity and patient compliance. The low

FODMAP diet is designed in three stages, starting with

short-term (4–8 week) FODMAP restriction, followed by

increasing doses of select foods during FODMAP reintro-

duction and, finally, long-term maintenance via

FODMAP personalisation that allows the consumption of

a wider range of foods considered suitable during reintro-

duction (2). Many investigators report that the involve-

ment of dietitians is essential for the diet to be followed

successfully and safely. However, there is a significant

limitation in the numbers of suitably trained dietitians

and, consequently, one study examined the clinical and

cost-effectiveness of group versus 1:1 education of

patients by dietitians (5). In long-term follow-up studies

where dietitians were involved, the low FODMAP diet

was superior to a habitual diet and no safety issues were

identified (6). No doubt many recommendations will

emerge as more information comes forward, such as

improved food composition data assisting patients who

have multiple dietary restrictions (e.g. vegetarians trialing

a low FODMAP diet), as well as data regarding reduc-

tions in the FODMAP content of plant-based foods

following processing(7).

A better understanding of the mechanisms of action of

FODMAPs is needed to identify biomarkers for selecting

true responders and to explore alternatives to dietary

restriction (e.g. microbiome-manipulation therapies). In

addition to distention resulting from the gas produced by

fermentation in patients with underlying visceral hyper-

sensitivity, some studies provide evidence of immune

activation and a possible link to symptoms (8). Certain

FODMAP subgroups can also have osmotic effects in the

small intestine, and one study suggests that fructans can

stimulate motility in the upper gastrointestinal tract (9).

Of the FODMAP subgroups, the actions of excess fruc-

tose have been particularly challenging to determine,

especially given their complex interaction with glucose

co-transport. Unfortunately, combining glucose with

either excess fructose or fructans does not mitigate their

effects on symptoms (10). Tests that identify susceptible
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patients that malabsorb FODMAPs, particularly excess

fructose, have remained elusive. Using a complex design,

one study confirms the inadequacy of breath testing to

detect fructose malabsorption but raises the potential of

the test for detecting intolerance (11). There are also a few

studies in the paediatric literature showing efficacy and

one intriguing proof-of-concept study suggesting that

reducing FODMAPs in breastfeeding mothers could

reduce infantile colic (12).

In summary, this virtual issue highlights key publica-

tions that provide new insights into our understanding of

FODMAPs and their influence on symptom induction,

the role of the low FODMAP diet with respect to manag-

ing functional bowel disorders, and the existing gaps in

our knowledge that should be considered in future

research.
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Abstract

Background: The present study aimed to compare dietary intake and life-

style behaviour in women with polycystic ovarian syndrome (PCOS) and

healthy women.

Methods: One hundred and sixty healthy women (partner with male infer-

tility) were recruited to a control group; 168 women with PCOS (diagnosed

on ultrasound) were recruited to a case study group for this cross-sectional

comparative study. The case group was classified into three phenotypes

based on the presence or absence of menstrual disorder (M), hyperandro-

genism (HA) and polycystic ovary according to sonography (PCO):

HA+PCO (n = 53), PCO+M (n = 57) and M+HA+PCO (n = 66). Dietary

intake and lifestyle behaviour were measured using a food frequency ques-

tionnaire and a lifestyle questionnaire.

Results: The mean energy (P < 0.001) and fat (P < 0.001) intakes were

greater in PCOS groups compared to the control group. The average energy

and fat intakes were greater in HA+M+PCO group after age and body mass

index (BMI) adjustment compared to the other phenotypes (P < 0.001). In

comparison with the control group, lifestyle scores were lower in the PCOS

group in the fields of physical activity, weight and nutrition control after

age and BMI adjustment (P < 0.001). The average score of lifestyle in the

fields of physical activity, weight and nutrition control, and psychological

health was lower in the phenotype HA+M+PCO compared to the other

phenotypes (P < 0.001).

Conclusions: A limited energy and fat intake is strongly recommended in

Iranian women with PCOS, especially for phenotype HA+M+PCO.
Consultation with respect to improvement of psychological health and the

importance of weight and nutrition control, as well as appropriate

physical activity, is advocated, especially in patients with phenotype

HA+M+PCO.
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Introduction

Polycystic ovarian syndrome (PCOS) is a common and

complex endocrine disorder that affects women of repro-

ductive age (1). Three phenotypes are recognised based on

the presence or absence of symptoms using the Rotter-

dam criteria: oligo-ovulation (irregular menses) with

polycystic ovary in sonography (M+PCO), hyperandro-

genism with polycystic ovary in sonography (HA+PCO)
and hyperandrogenism with oligo-ovulation (irregular

menses) and polycystic ovary (M+PCO+HA) (2,3). Altho-

ugh PCOS can exist in the absence of obesity, 70% of

women with PCOS are obese (4).

Obesity can intensify metabolic and fertility outcomes

related to this syndrome. For this reason, the treatment

of PCOS focuses mainly on weight loss if obesity is pre-

sent because energy limitation is associated with

improved metabolic status and energy intakes (5–7). How-

ever, the relationship between diet and PCOS is not yet

well understood and there is limited information available

in this field. It is reported that total energy intake and

intake of micronutrients is similar in PCOS and control

groups (8) and that te consumption of certain foods with

a high glycaemic index is greater in women with PCOS
(9). Extensive long-term studies have identified a signifi-

cant relationship between diet and the risk of hyperten-

sion, type 2 diabetes mellitus (T2DM) and cardiovascular

disease in a healthy population (10–14). Most studies that

assess the nutritional status of women with PCOS are

flawed because they do not allow for the different clinical

phenotypes in PCOS resulting in significantly different

clinical and metabolic parameters. Pikee et al. (15) have

reported that women with the hyperandrogenism pheno-

type have a higher body mass index (BMI) and worse

clinical and endocrine status (triglycerides/high-density

lipoprotein, luteinising hormone/follicle-stimulating hor-

mone, testosterone) compared to the other phenotypes.

The only study that has investigated the potential differ-

ences between phenotypes in PCOS and their dietary

intake reported that women with phenotype HA+M+PCO
had a greater daily energy intake compared to healthy

women (16).

Dietary habits are rooted in the culture of communities

and, because there is a relationship between dietary habits

and the prevalence of some cardiovascular disease and

T2DM, it appears logical and imperative to compare diet-

ary intake between women with different phenotypes of

PCOS in different cultures. To deliver appropriate nutri-

tional interventions in the case of obesity or increased

risk factors related to diet, PCOS cardiovascular status is

required. The present study aimed to compare dietary

intake and lifestyle factors in women with three different

phenotypes of PCOS with those of a control group of

healthy women.

Materials and methods

Design and data collection

The present study comprises a cross-sectional study with

a control and case group divided into three sub-groups.

The study was conducted at an acute hospital in Hor-

mozgan Province, Iran. Women were recruited through

the infertility clinic at a provincial hospital. The case

group included women with PCOS. The control group

comprised healthy women who had been referred to this

clinic because of male infertility.

A simple sampling method was used. The sample size

was calculated using the formula (Douglas et al.9) with

the 95% confidence interval and at least 145 women in

each group.

N ¼
Z1�a

2
þ Z1�b

� �2

S21 þ S22
� �

D2

l1: 61.5; l2: 69.2; S1: 21.1; S2: 25.0.
The research team approached 362 women to explain

the purpose of study; written consent was obtained from

each participant who volunteered to participate and ques-

tionnaires were distributed and completed at the same

clinic appointment. Thirty-four out of 362 women

declined for unknown reasons. Inclusion criteria for all

groups were: age 15–40 years, married, Iranian national-

ity, absence of linguistic or cognitive problems, and a lack

of underlying disease (diabetes, hypertension, diagnosed

anaemia, or any other disease requiring a special diet).

Additional inclusion criteria for the case group were

women with PCOS based on two of the following three

Rotterdam criteria: ultrasound scan of polycystic ovary

(>12 follicles in both ovaries and ovarian vol-

ume >10 mm); clinical signs of hyperandrogenism: clini-

cal score of hyperandrogenism >7 or obvious acne);

menstrual cycles >35 days or amenorrhoea (absence of

menstruation for 199 days). Additional criteria were an

absence of congenital adrenal hyperplasia, thyroid dys-

function and hyperprolactinaemia.

The selected participants in the case group were classi-

fied into three phenotypes: HA+PCO, M+PCO, HA+M+
PCO.

Measures

Menstrual history: measured as the interval between two

menses during the previous 12 months: <21 days,

21–34 days, 35–60 days, >199 days, variable.

414 ª 2019 The British Dietetic Association Ltd.
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BMI: calculated as an individual’s weight (kg) divided

by height (m) squared.

Body hair: based on the Ferriman–Gallwey hirsutism

scoring scale, which measures nine androgen sensitive

areas in the body. Each area is rated from 0 to 4 based

on the degree of terminal hair growth. A score of ≥7 or

indicates hirsutism (17).

Acne: a global acne grading system was used to mea-

sure acne. This scale includes six body areas of face, chest,

and upper back based on the level of involvement,

distribution, density and pilosebaceous units. Each body

area is rated from 0 to 4. The most severe lesion of

each area determines the score of that area. The score of

each area is multiplied by the factor score, which is based

on the involved area: forehead, left and right cheek, nose,

chin, chest and upper back. The total acne score is

obtained by multiplying the factor score by sum score of

involved areas (18).

Socio-economic status: formal education of women was

considered as an indicator of social status (19).

Food-frequency questionnaire: dietary intake was mea-

sured using a modified food frequency questionnaire

(FFQ) based on an Iranian dietary questionnaire that

contains 168 items. The reliability and validity of the

questionnaire are approved in Iran (20). The FFQ included

a list of foods with a standard size of a food. Subjects

were asked to report the frequency of consumption of

each food during the past month on a daily, weekly or

monthly basis. The amount of nutritional items con-

sumed was converted to grams using household scales.

This dietary information was analysed using nutritionist

IV software (First Databank, San Bruno, CA, USA),

which calculated the amount of energy, macronutrients

(carbohydrates, lipid, and protein) and micronutrients (at

least 30 micronutrients) including fat soluble vitamins,

water soluble vitamins and minerals (20,21).

Lifestyle questionnaire: this compromises 70 items in

10 subscales including physical health (eight items),

sports and fitness (seven items), weight management and

nutrition (seven items), disease prevention (seven items),

mental health (seven items), spiritual health (six items),

social health (seven items), avoidance of drugs, alcohol

and opiates (six items), accident prevention (eight items)

and environmental health (seven items). All items are

graded on a four-point Likert scale scoring in range from

0 (=never) to 3 (=always). The higher the score, the bet-

ter the lifestyle. Lali et al. (22) have confirmed the validity

and reliability of this questionnaire for Iranian society.

Ethical considerations

The ethics committee of Hormozgan University of Medi-

cal Science approved the present study. After explaining

the purpose of the study and securing the confidentiality

of information, all subjects gave written consent.

Statistical analysis

The mean (SD) and n (%) were used for quantitative and

qualitative variables, respectively. A t-test and analysis of

variance test were used for intergroup comparison of

PCOS patients for quantitative variables and comparison

of PCOS phenotypes, respectively. BMI and age were

adjusted by covariance analysis. Data were analysed using

SPSS, version 21.0 (IBM Corp., Armonk, NY, USA).

P < 0.05 was considered statistically significant.

Results

Study population

Table 1 shows the clinical and demographic information

of all participants. There was no significant difference

between the control and case study groups in terms of

demographic and clinical characteristics except for men-

strual cycle interval, hirsutism and acne scores (P > 0.05).

There were no significant differences between three PCOS

phenotype groups in terms of demographic and clinical

characteristics.

Dietary intake

Table 2 shows the comparison of women with PCOS and

the women in the control group based on their dietary

intake. Energy and fat intakes were greater in the PCOS

group after adjustment for BMI and age compared to the

control group (P < 0.01). Table 3 shows dietary intake in

the different phenotypes of PCOS. Energy intake and fat

intakes were significantly higher in phenotype HA+M+
PCO compared to phenotypes HA+PCO and M+PCO.
This statistical difference remained after adjustment for

age. Other micro-/macronutrient intake was similar across

phenotype groups.

Lifestyle

Table 4 shows the comparison of PCOS and control

groups based on the domains of lifestyle. Scores of physi-

cal activity, nutrition and weight control in the PCOS

group were significantly lower than in the control group

after BMI and age adjustment, indicating a poorer life-

style in women in the PCOS group in the mentioned

domains above.

Table 5 shows the lifestyle scores across the different

PCOS phenotype groups of women. Scores of physical

activity, nutrition and weight control and psychological

health were significantly lower in HA+M+PCO phenotype

415ª 2019 The British Dietetic Association Ltd.
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Table 1 Demographic and clinical characterises of participants

Variable§

Phenotype of PCOS

Control P value†H+PCO (n = 53) H+PCO+M (n = 66) M+PCO (n = 57)

Variable

Age‡ 29.30 (6.25) 28.41 (3.49) 29.03 (9.31) 29.85 (6.40) 0.43

Education‡ 12.69 (3.05) 11.63 (4.11) 11.04 (4.92) 10.82 (4.31) 0.62

Weight‡ 79.43 (13.1) 76.31 (15.41) 78.35 (10) 75.3 (20.8) 0.52

Body mass index‡ 39.80 (6.53) 38.43 (7.11) 35.42 (2.34) 33.32 (2.96) 0.87

Acne score‡ 6.93 (1.38) 6.58 (2.30) 6.83 (1.10) 3.62 (0.90) <0.001*,**,***

Hirsutism score‡ 11.30 (0.84) 11.03 (0.31) 11.17 (0.01) 9.40 (0.18) <0.001*,**,***

Average menstrual cycle§

<21 2 (3.77) 5 (7.57) 4 (7.01) 13 (8.1) <0.001*,**,***

21–35 22 (41.50) 28 (42.42) 30 (52.63) 76 (47.5)

35–60 15 (28.30) 18 (27.27) 9 (15.78) 8 (5)

>199 days 6 (11.32) 8 (12.12) 9 (15.78) 18 (11.3)

Variable 8 (15.09) 7 (10.60) 5 (8.77) 44 (27.5)

H, hyperandrogenism; M. menstrual disorder; PCOS, polycystic ovary syndrome.

*P < 0.05 between H+PCO and H+PCO+M phenotype.

**P < 0.05 between H+PCO and M+PCO phenotype.

***P < 0.05 between H+PCO+M and M+PCO phenotype.
†Between PCOS and control group.
‡Analysis of variance.
§Kruskal–Wallis test.

Table 2 Comparison of polycystic ovary syndrome (PCOS) patients and control group based on the dietary intake

Variable† PCOS (n = 168) Control (n = 160) P value*

P value adjusted for

body mass

index and age

Energy (kcal day�1) 2500.2 (78.7) 2202.8 (49.6) <0.001 <0.001

Protein (g day�1) 76.09 (10.79) 74.25 (9.36) 0.41 0.82

Fat (g day�1) 89.06 (12.42) 65.38 (11.75) <0.001 <0.001

Saturated fatty acids (g day�1) 35.97 (9.24) 21.16 (5.56) <0.001 <0.001

Polyunsaturated fatty acids (g day�1) 27.21 (2.48) 15.81 (2.48) <0.001 <0.001

Linoleic acid (g day�1) 33.10 (8.91) 24.22 (9.40) 0.21 0.32

Eicosapentaenoic acid (g day�1) 0.03 (0.002) 0.01 (0.001) 0.45 0.31

Sodium (mg day�1) 2223.05 (31.08) 1353.93 (10.21) 0.06 0.09

Iron (mg day�1) 24.13 (2.27) 26.23 (6.37) 0.43 0.25

Magnesium (mg day�1) 395.98 (43.09) 332.83 (26.28) 0.51 0.40

Zinc (mg day�1) 9.68 (3.75) 7.75 (2.55) 0.59 0.41

Manganese (mg day�1) 8.64 (3.11) 9.26 (4.91) 0.98 0.43

Fluoride (lg day�1) 4129.04 (60.51) 3163.40 (23.50) 0.61 0.52

Iodine (lg day�1) 0.28 (0.31) 0.02 (0.01) 0.45 0.31

Vitamin A (lg day�1) 2701.59 (79.35) 1347.72 (13.10) 0.39 0.15

Vitamin E (mg day�1) 3.98 (0.67) 3.11 (0.85) 0.92 0.81

Thiamin B1 (mg day�1) 2.34 (0.57) 1.72 (0.22) 0.35 0.41

Niacin B3 (mg day�1) 23.89 (5.78) 17.84 (3.97) 0.63 0.51

Folate (lg day�1) 410.81 (14.33) 302.89 (51.24) 0.51 0.31

Carbohydrate (g day�1) 380.26 (54.02) 622.02 (10.13) 0.60 0.31

Potassium (mg day�1) 5292.19 (80.37) 4034.62 (36.03) 0.43 0.22

Calcium (mg day�1) 1234.81 (12.91) 861.700 (16.69) 0.81 0.12

Phosphorus (mg day�1) 1800.16 (10.80) 1075.22 (79.80) 0.53 0.72

*t-test.
†Mean (SD).PCOS, polycystic ovary syndrome.
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after BMI and age adjustment compared to the other

phenotypes (P < 0.001) indicating a poorer lifestyle of

HA+M+PCO phenotype.

Discussion

The results of the present study show that, after BMI

and age adjustment, energy, fat, saturated fatty acids

and polyunsaturated fatty acids intakes were significantly

greater in the PCOS group compared to the control

group. Given that quality of the diet increases by fibre

and micronutrient intake, and decreases by saturated fat

intake (23), the quality of diet may be lower in the

PCOS group compared to the control group. Our find-

ings suggest that the quality of diet is positively affected

by polyunsaturated fatty acids intake. Previous studies

show that quality of diet is a dietary intake measure

associated with unfavourable metabolic outcomes and an

increased risk of chronic disease mortalities (24,25). Wild

et al. (26) reported an increased fat intake and decreased

fibre intake in women with PCOS compared to a

control group. Moran et al. (27) showed that women

with PCOS had a better diet quality, as indicated by a

higher diet quality score and higher energy, fibre, folate,

iron, calcium, magnesium, niacin, phosphorus, potas-

sium, sodium, vitamin E and zinc intakes, and a lower

percentage energy from saturated fat intake, glycaemic

index and retinol intake, than women without PCOS. It

should be noted that, in the present study, the diagnosis

of PCOS was self-reported and dietary intake was mea-

sured using a dietary questionnaire for epidemiological

studies. These questionnaires measure 80 types of nutri-

ents consumed during the past 12 months, which differs

from the present study because the FFQ is an appropri-

ate tool for measurement of diet components in a cer-

tain period. However, data accuracy may be limited as a

result of the ability of the responders to remember their

intake. Moreover, women with PCOS reported higher

carbohydrate (229 versus 61 g), protein (78 versus

66.3 g), fat (85 versus 61.1 g), saturated fat (26 versus

22.5 g) intake compared to the reference population (28).

A high energy diet has been reported in Iranian (29) and

Table 3 Dietary intake in different phenotypes of polycystic ovary syndrome (PCOS)

Variable‡

Phenotype of PCOS

P value†
P value adjusted for

BMI and ageH+PCO (n = 53) H+PCO+M (n = 66) M+PCO (n = 57)

Energy (kcal day�1) 2454.2 (82.4) 2600.8 (51.09) 2346.80 (4.08) <0.001*,**,*** <0.001

Protein (g day�1) 85.56 (81.12) 91.69 (82.38) 65.96 (68.30) 0.41 0.63

Fat (g day�1) 119.27 (55.46) 89.81 (45.38) 77.56 (49.59) <0.001*,**,*** <0.001

Saturated fatty acids (g day�1) 29.80 (31.67) 45.06 (10.31) 21.75 (15.79) <0.001*,**,*** <0.001

Polyunsaturated fatty acids (g day�1) 41.54 (12.97) 25.34 (13.13) 25.11 (15.25) <0.001*,**,*** <0.001

Linoleic acid (g day�1) 39.40 (12.46) 45.90 (16.17) 23.59 (14.59) 0.52 0.35

Eicosapentaenoic acid (g day�1) 0.01 (0.01) 0.05 (0.01) 0.007 (0.01) 0.09 0.06

Sodium (mg day�1) 1993.41 (15.71) 2523 (38.12) 2907.27 (34.58) 0.31 0.58

Iron (mg day�1) 21.94 (17.26) 28.46 (34.87) 21.27 (24.82) 0.38 0.41

Magnesium (mg day�1) 431.99 (51.47) 450.84 (64.62) 362.05 (37.70) 0.83 0.96

Zinc (mg day�1) 9.74 (7.66) 12.79 (2.96) 9.080 (.76) 0.61 0.82

Manganese (mg day�1) 7.74 (4.03) 10.69 (0.12) 7.17 (0.20) 0.21 0.35

Fluoride (lg day�1) 6454.85 (47.21) 5030.95 (39.90) 7064.76 (84.99) 0.63 0.41

Iodine (lg day�1) 0.2 (0.01) 0.38 (0.12) .08 (0.01) 0.52 0.51

Vitamin A (lg day�1) 1962.76 (16.38) 3512.09 (12.02) 2473.02 (52.84) 0.35 0.41

Vitamin E (mg day�1) 4.30 (0.36) 4.19 (0.66) 3.44 (0.42) 0.31 0.51

Thiamin B1 (mg day�1) 2.35 (0.40) 2.78 (0.70) 1.82 (0.34v 0.83 0.62

Niacin B3 (mg day�1) 21.09 (0.18) 30.58 (0.91) 18.95 (0.16) 0.34 0.91

Folate (lg day�1) 557 (74.20) 591.36 (64.42) 377.16 (25.36) 0.48 0.72

Carbohydrate (g day�1) 433.41 (57.31) 435.06 (63.39) 345.17 (39.45) 0.64 0.51

Potassium (mg day�1) 5353.94 (53.53) 6128.09 (10.01) 4292.63 (34.42) 0.76 0.43

Calcium (mg day�1) 1386.78 (18.24) 1238.75 (11.09) 1089.47 (79.86) 0.62 0.95

Phosphorus (mg day�1) 1824.75 (16.02) 1238.75 (11.09) 1089.46 (79.86) 0.52 0.81

H, hyperandrogenism; M, menstrual disorder; PCOS, polycystic ovary syndrome.

*P < 0.05 between H+PCO and H+PCO+M phenotype.

**P < 0.05 between H+PCO and M+PCO phenotype.

***P < 0.05 between H+PCO+M and M+PCO phenotype.
†Analysis of variance.
‡Mean (SD).
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Brazilian (16) women with PCOS. Using three 24-h diet-

ary recall questionnaires, Ahmadi et al. (29) reported that

daily energy intake (approximately 300 kcal) was higher

in women with PCOS. These women also had a greater

total and saturated fat intake compared to the control

group (29). A 24-h dietary diary has similar limitations

to the FFQ because it also depends on an individual

respondent’s memory. However, it is an appropriate

method that can present accurate information when it is

used by a trained interviewer in a standard approach.

Furthermore, the results of the present study show for

the first time that the energy and saturated fat intake

were greater in HA+M+PCO phenotype after age and

BMI adjustment compared to the other phenotypes. To

date, this is the only study to compare dietary intake

PCOS phenotypes with healthy women. The results of

Graff et al. (16) using a 121-item FFQ showed that

energy intake was greater in classic phenotype of PCOS

(HA+M+PCO) compared to the control group; however,

this statistical difference did not exist after age and BMI

adjustment. It should be noted that Graff et al. (16) con-

sidered only two phenotypes of HA+PCO+M (n = 39)

and ovulatory PCOS (n = 22). In the present study,

classification of PCOS phenotype was based on the Rot-

terdam criteria.

It has been shown that the HA+M+PCO phenotype

has three-fold higher levels of androgen which in turns

increases the prevalence of glucose tolerance disorder

and insulin resistance more than for other phenotypes
(16). Testosterone stimulates appetite and an increased

level of androgen in women is associated with appetite

control disorder (30). Moreover, hyperandrogenism is

essential in determining the risk of cardiovascular

disease in PCOS phenotypes (31). Current clinical evi-

dence suggests that testosterone increases abdominal fat

accumulation (32–34). Increased abdominal adiposity is

associated with increased leptin hormone and leptin

Table 4 Comparison of polycystic ovary syndrome (PCOS) and

control groups based on the domains of lifestyle

Variable†
PCOS

(n = 168)

Control

(n = 160)

P

value*

P value

adjusted

for body

mass index

and age

Physical health 16.32 (3.62) 16.66 (3.01) 0.38 0.62

Exercise and

fitness

12.05 (3.52) 15.42 (4.82) <0.001 0.04

Weight control

and nutrition

12.49 (4.02) 16.54 (3.98) <0.001 0.03

Illness

prevention

15.82 (3.38) 16.23 (4.49) 0.45 0.59

Psychological

health

12.90 (4.22) 16.34 (3.36) <0.001 0.01

Spiritual health 17.62 (3.45) 18.02 (4.28) 0.69 0.71

Social health 17.56 (4.62) 17.38 (5.01) 0.53 0.73

Drug and

alcohol

avoidance

16.31 (3.42) 15.95 (3.41) 0.42 0.59

Accident

prevention

17.43 (3.42) 17.56 (3.51) 0.36 0.48

Environmental

health

17.36 (2.49) 17.42 (4.32) 0.74 0.80

*t-test.
†Mean (SD).

Table 5 The scores of lifestyles in different phenotypes of polycystic ovary syndrome (PCOS)

Variable‡

Phenotype of PCOS

P value†
P value adjusted for body

mass index and ageH+PCO (n = 53) H+PCO+M (n = 66) M+PCO (n = 57)

Physical health 16.02 (3.44) 16.56 (3.53) 16.45 (3.08) 0.65 0.55

Exercise and fitness 12.34 (3.34) 11.02 (2.34) 13.40 (3.29) <0.001*,**,*** <0.001

Weight control and nutrition 11.93 (2.43) 10.42 (2.35) 13.39 (3.86) <0.001*,**,*** <0.001

Illness prevention 15.04 (3.22) 14.93 (4.24) 15.42 (4.42) 0.45 0.31

Psychological health 12.42 (1.32) 10.56 (2.94) 13.20 (3.82) <0.001*,**,*** <0.001

Spiritual health 17.53 (7.34) 16.92 (6.42) 17.83 (5.01) 0.33 0.25

Social health 17.32 (6.45) 17.24 (3.56) 17.45 (5.92) 0.45 0.35

Drug and alcohol avoidance 16.42 (5.62) 16.02 (4.41) 16.93 (4.32) 0.56 0.42

Accident prevention 17.05 (3.56) 16.92 (2.39) 17.21 (4.35) 0.71 0.65

Environmental health 17.32 (4.23) 17.25 (1.95) 17.28 (4.62) 0.93 0.83

H, hyperandrogenism; M, menstrual disorder; PCOS, polycystic ovary syndrome.

*P < 0.05 between H+PCO and H+PCO+M phenotype.

**P < 0.05 between H+PCO and M+PCO phenotype.

***P < 0.05 between H+PCO+M and M+PCO phenotype.
†Analysis of variance.
‡Mean (SD).
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resistance, which may be associated with increased

energy intake (35). A high fat intake (total and saturated

fat) in the present study is a concern for patients with

PCOS, especially those with the HA+PCO+M phenotype,

because fatty acid intake affects glucose metabolism by

making changes in insulin signalling and cell membrane

function. In addition, high saturation fat diet is associ-

ated with decrease insulin resistance (36).

However, a high level of physical activity improves glu-

cose metabolism and sensitivity to insulin, and also

reduces abdominal obesity (22), for which the risk is

higher in phenotypes HA+PCO+M. Our results showed

for the first time that phenotype HA+M+PCO has less

physical activity compared to two other phenotypes.

Wright et al. (37) reported no significant difference in

self-reported physical activity between American PCOS

and non PCOS patients. This finding is similar to the

studies by Ahmadi et al. (29) and �Alvarez-Blasco et al. (38)

in which there was no significant difference in physical

activity between PCOS and non PCOS patients in Iran

and Spain. However, it should be noted that similar tools

are not used in these studies to measure physical activity.

Wright et al. (37) used Paffenburg physical activity ques-

tionnaire that is validated in male and female samples.
�Alvarez-Blasco et al. (38) and Ahmadi et al. (29) used inter-

view questionnaires for which the validity is uncertain. In

the present study, we have used the Iranian version of the

lifestyle questionnaire, where the validity and reliability

are approved (30).

A strength of the present study is that the diagnosis

of PCOS phenotypes for allocation to case study groups

was carried out by an expert physician in the infertility

clinic and patients were classified to the clinical pheno-

types based on the Rotterdam criteria. Moreover, a vali-

dated FFQ was used for diet evaluation, which is a

standard tool for measurement of long-term dietary

habits in cross-sectional and cohort studies. A lifestyle

questionnaire was used to evaluate participants’ lifestyle.

Nevertheless, there are some limitations to the present

study. Patients were selected from the only referral

infertility clinic of Hormozgan province, which limits

generalisation of the study results. Furthermore, the

association between metabolic and hormonal features of

the study population and dietary intake was not

included in the present study; future studies should con-

sider different phenotypes of PCOS. In addition, because

diet analysis was limited to the nutrition database, gly-

caemic load could not be measured. In the present

study, we assessed physical activity via a lifestyle ques-

tionnaire that was designed using a Likert scale. We did

not assess physical activity using metabolic equivalents.

This should be considered in the interpretation of our

findings.

Conclusions

A reduced energy and fat intake is strongly recommended

to Iranian women with PCOS, especially those with the

HA+M+PCO phenotype. It is critical to closely examine

the metabolic and endocrine status of women with

menstrual disorder and hyperandrogenism because the

treatment strategies for energy deficit-related menstrual

disturbances differ from those for disturbances attributa-

ble to hyperandrogenaemia. Further investigations are

necessary to explore whether different endocrine a etiolo-

gies underlay menstrual disorder and hyperandro-

genism in different phenotypes of PCOS. Consultation on

the improvement of psychological health and the impor-

tance of nutrition and weight control, as well as appropri-

ate physical activity in these patients, especially those

with the HA+M+PCO phenotype, is necessary. Additional

studies on the evaluation of the risk of metabolic side

effects, dietary intake and lifestyle in PCOS phenotypes

are recommended.
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Abstract

Background: Associations between constipation and dietary fibre and water

intake, as well as various lifestyle factors, have not been fully evaluated. The

present study aimed to investigate associations between fibre and water

intake and constipation, as well as other possible risk factors for constipa-

tion, in a large adult population.

Methods: Data obtained from 14 024 adults aged ≥20 years from three

cycles of the National Health and Nutrition Examination Survey (NHANES)

2005–2010, who had completed a bowel health questionnaire, were included

in this cross-sectional population-based study. Variables included demo-

graphics, lifestyle and dietary factors, comorbidities and laboratory parame-

ters. Logistic regression analyses were performed to determine associations

between potential risk factors and constipation.

Results: Among 17 132 participants ≥20 years, 2401 (14%) did not com-

plete bowel health questionnaires and were excluded, along with pregnant

women (n = 461) and participants without dietary sample weight on day 1

(n = 246), leaving data from 14 024 participants available for analysis. Mul-

tivariate analysis revealed that black race/ethnicity [odds ratio (OR) = 1.380,

95% confidence interval (CI) = 1.054–1.809], a lower than 12th grade edu-

cation (OR = 1.420, 95% CI = 1.154–1.749) or high school education

(OR = 1.339, 95% CI = 1.057–1.697), lower income/poverty ratios (1.3–3.49
versus ≥3.5: OR = 1.261, 95% CI = 1.015–1.567), normal weight

(OR = 1.913, 95% CI = 1.534–2.386) or overweight (OR = 1.536, 95%

CI = 1.207–1.955), depression (OR = 1.610, 95% CI = 1.119–2.315) and

poor teeth (OR = 1.441, 95% CI = 1.100–1.888) were associated with an

increased risk for constipation. Lower dietary fibre intake was associated

with a greater risk of constipation. Total water consumption was signifi-

cantly associated an with an increased risk of constipation in univariate

analysis, but not in multivariate analysis.

Conclusions: Lower dietary fibre intake, but not poor water consumption,

was associated with a greater risk of constipation in US adults.

Introduction

Constipation, which is characterised by difficult, infre-

quent or incomplete passage of stool, has a worldwide

prevalence of 14% (1) and accounts for many physician

visits without presenting confirmable physiological

abnormalities (2). A higher risk of constipation has been

reported to be associated with female sex, increasing

age and lower socio-economic status (1,3). The majority

of individuals reporting symptoms of constipation are

considered to have chronic idiopathic constipation, a

diagnosis that may overlap with symptoms of
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constipation-predominant irritable bowel syndrome and

other functional gastrointestinal disorders (1,2,4). Func-

tional or primary constipation can involve normal

bowel transit time, slow transit or outlet constipation,

and possible causes of secondary constipation may

include certain medications and conditions such as

hypothyroidism (5).

The definition of constipation varies between physi-

cians and, depending upon the patient population

being treated, may include a reduced frequency of

bowel movements, difficulty passing stool, abdominal

cramping and a feeling of incomplete passage of stool
(6). A definition of constipation may also include two

or more diagnostic criteria from the ROME II criteria

introduced in 2000 (7), which include straining, lumpy

or hard stools, incomplete evacuation, sensation of

obstruction or blockage, and fewer than three defaeca-

tions per week. Many misconceptions are also associ-

ated with constipation, including that it is a result of

toxins from undigested food remaining in the colon

and that stimulant laxatives are not clinically effective,

whereas the evidence shows that constipation is the

result of low dietary fibre, low fluid intake and a lack

of exercise (8). Although dietary fibre and fluid intake

have been investigated in association with constipa-

tion, the results vary. Although the results of some

previous epidemiological and clinical studies support

an association between constipation and dietary fibre

intake (9,10), some studies that measured dietary fibre

intake reported no differences between individuals

with chronic constipation and normal controls (11).

Fewer studies have explored the influence of fluid

intake and physical activity (12,13). A previous popula-

tion-based study concluded that low fluid intake, but

not low dietary fibre intake, was associated with con-

stipation (14).

Given the scarcity of recent evidence and conflicting

results of previous studies, we hypothesised that the

examination of a broad range of variables, including

demographics, lifestyle factors, comorbidities and dietary

factors, in a large adult population may help to reveal

possible associations with constipation and especially

help to clarify any associations between fibre and water

intake and constipation. Therefore, we designed a

cross-sectional population-based study using the

National Health and Nutrition Examination Survey

(NHANES), a continuous annual survey of residents of

the USA that provides nationwide estimates of various

health parameters (15). The present study aimed to

investigate associations between fibre and water intake

and constipation, as well as other possible risk factors

for constipation, in a large, nationally representative

adult population.

Materials and methods

Data source

This cross-sectional population-based study analysed data

obtained from participants in NHANES 2005–2010, as

collected from three cycles by the National Center for

Health Statistics (NCHS) of the Centers for Disease Con-

trol and Prevention. All data were from the Public Data

General Release file documents (US Department of

Health and Human Services, Hyattsville, MD, USA) (16).

NHANES is a cross-sectional health survey that uses a

complex, multistage design to collect and analyse data

representative of the national, non-institutionalised popu-

lation of the USA. The NHANES database comprises

demographic and socio-economic variables (sex, race/eth-

nicity, income, education, marital status) and health-

related information collected through face-to-face inter-

views, questionnaires and physical examinations.

NHANES data are made available to researchers by the

NCHS, facilitating reliable, representative and multidi-

mensional analysis. The survey was administered by the

NCHS, and the protocol was approved by its institutional

review board (IRB) (16). Because all NHANES data are

de-identified, data analysis does not require IRB approval

or written informed consent by the study subjects.

Study population

Data from three cycles of the NHANES survey during

2005–2010 were included in the present study, including

17 132 participants aged ≥20 years. Participants who did

not complete a bowel health questionnaire, pregnant

women and individuals who did not have dietary day 1

information were excluded, leaving 14 024 participants as

the analytic sample.

Study variables

Constipation (dependent variable)

Constipation was self-reported by participants who filled

out the bowel health questionnaire and was defined by

NHANES according to defaecation frequency, timing and

stool consistency. Only stool consistency was used to

define constipation in the present study. Stool consistency

was assessed using the Bristol Stool Form Scale (17), which

includes a colour picture card with pictures and written

descriptors of the seven stool types, and the written direc-

tion: ‘Please look at this card and tell me the number that

corresponds with your usual or most common stool

type.’ Constipation was defined as Type 1 (separate hard

lumps, like nuts) or Type 2 (sausage-like, but lumpy).

Normal stool consistency was defined as Bristol Stool

Scale Types 3–5, as described in previous NHANES

423ª 2019 The British Dietetic Association Ltd.

L. Shen et al. Fibre and water intake and constipation



publications (18). Bristol Stool Scale Types 3–7 were also

defined as nonconstipation in the present study.

Dietary measures (independent variables/covariates)

Dietary intake data for participants were collected

through face-to-face interviews between trained interview-

ers and respondents. Respondents were asked to recall all

foods and beverages consumed during the 24-h period

prior to the interview (midnight to midnight). The inter-

view files were imported into the University of Texas

Food Intake Analysis System for coding. Dietary nutrient

intake data for participants were calculated by the US

Department of Agriculture Nutrient Database (19).

Detailed descriptions of the dietary interview methods are

provided in the NHANES Mobile Examination Center In-

Person Dietary Interviewers Procedure Manual (20).

The following dietary factors from the NHANES data-

base were included in the analysis: dietary fibre (stratified

into four quartiles); total fat (low: <20% of total energy;

adequate: 20–35% of total energy; excessive: >35% of

total energy); carbohydrates (low: <45% of total energy;

adequate: 45–65% of total energy; excessive: >65% of

total energy); protein (low: <10% of total energy; ade-

quate: 10–35% of total energy; excessive: >35% of total

energy); total sugar (adequate: <10% of total energy;

excessive:≥10% of total energy) (21); and total saturated

fatty acids (22) and alcohol (23).

Total water intake was defined by NHANES as the sum

of plain water intake and moisture in food and beverages

(poor intake <3.7 L day-1 for men; <2.7 L day-1 for

women; adequate intake: ≥3.7 L day-1 for men;

≥2.7 L day-1 for women), as described previously (24, 25).

Other covariates and potential confounders

Demographics

Potential confounding variables obtained from demo-

graphic questionnaire data include age, sex, race/ethnicity,

education level (lower than 12th grade, high school, col-

lege), marital status (married, widowed/divorced/sepa-

rated, never married), family income to poverty ratio

(<1.3, 1.3–3.49, ≥3.5) as defined by the US Census

Bureau (http://www.census.gov/hhes/povmeas). Family

income/poverty ratio is calculated as the ratio of family

income to the US poverty threshold, with ratios below

1.00 indicating that the income is below the current offi-

cial definition of poverty and above 1.00 indicates income

above the poverty line (26). Low income and food insecu-

rity are reported to be associated with constipation (5,14).

Anthropometric measures

Weight and height of participants were measured during

physical examinations at the NHANES Mobile

Examination Center conducted by trained healthcare

technicians. Body mass index (BMI) (weight/height2) was

calculated and then classified into three levels based on

the NHANES Examination Protocol (27) and these were

defined as normal, overweight or obese (<25, 25–29.9,
≥30 kg m–2) according to the criteria of the World

Health Organization.

Lifestyle factors

Data for smoking, alcohol use and physical activity levels

were collected by trained interviewers in one-on-one

interviews according to the NHANES Mobile Examination

Center In-Person Dietary Interviewers Procedure Manual
(20). Smoking status was classified as never, former or cur-

rent smoker based on participants’ responses to the ques-

tion ‘Do you smoke now?’ For the purpose of analysis,

smokers were categorised as ‘Current smokers’ who

smoked ≧100 cigarettes in their lifetime and continued to

smoke at the time of interview; ‘Former smokers’ who

smoked ≧100 cigarettes in their lifetime but had stopped

smoking prior to the interview; and ‘Never smokers’ who

had never smoked or had smoked fewer than 100 cigar-

ettes in their lifetime prior to the interview. Smoking was

included in the present study because it was previously

found to be associated with constipation (28).

Physical activity

To estimate physical activity before the year 2007, we

summed the participant-reported product of weekly time

spent in each activity multiplied by the metabolic equiva-

lent of task (MET) value for that activity, yielding a MET

per hour (MET-h) index, for which one MET is the

energy expenditure of 1 kcal kg�1 body weight hour�1.

For cycles after 2007, the NHANES physical activity ques-

tionnaire was changed. We estimated weekly MET-h for

moderate and vigorous activities from questions asking

participants about their participation in moderate and

vigorous activities, the number of days per week

engaged in these activities, and the number of minutes

engaged in these activities on a typical day, as described

previously (29). Participants who had MET-min week�1

≥500 were considered to be physically active, whereas

those with <500 MET-min week�1 were referred to as

non-active as described by the US Department of Health

and Human Services (30).

Comorbidities

Asthma was defined by NHANES (20) as those who

respond ‘yes’ to the questions: ‘Has a doctor or other

health professional ever told you that you have asthma’

and ‘Do you still have asthma?’

Chronic obstructive pulmonary disease (COPD) was

defined by NHANES (20) as self-report by participants of
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ever being told by a doctor or health professional that

they have chronic bronchitis and still have chronic bron-

chitis now.

Diabetes was defined by NHANES (20) as self-report by

participants of having been told by a doctor or health

professional that they have diabetes or ‘sugar diabetes’.

Depression was assessed using the Patient Health Ques-

tionnaire (PHQ-9), as described previously (31). A cut-off

of ≥10 was used to identify depression.

The condition of poor teeth was self-reported by

participants in the NHANES oral health questionnaire.

Poor oral health was included in the present study

because it was previously shown to be associated with

constipation (32,33).

Serum 25-hydroxyvitamin D concentration was mea-

sured at laboratories of the National Center for Environ-

mental Health, Centers for Disease Control and

Prevention (16), using a radioimmunoassay kit

(DiaSorin, Stillwater, MN, USA) with vitamin D defi-

ciency defined as ≤20 ng mL�1 (50 nmol L�1), as

described previously (34).

Statistical analysis

Differences in categorical variables between the quartiles

of dietary fibre intake were determined using the Rao–
Scott chi-square test. Differences between groups in con-

tinuous variables were examined using the complex sam-

ples general linear model. Demographic data and baseline

clinical characteristics are expressed as the mean (SE) for

continuous variables, and unweighted counts (weighted

%) for categorical variables. Univariate and multivariate

logistic regression analyses were performed to determine

associations between potential risk factors and the risk of

constipation. P < 0.05 in univariate analysis was evaluated

by multivariate logistic regression models. All analyses

included dietary sample weight on day 1, stratum and

primary sampling units in accordance with the recom-

mendations of the NCHS to address oversampling, nonre-

sponse and noncoverage, as well as to provide nationally

representative estimates. P < 0.05 (two-sided) was consid-

ered statistically significant. Statistical analyses were per-

formed using SPSS, version 22.0 (IBM Corp., Armonk, NY,

USA).

Results

Study sample

In total, 17 132 participants aged ≥20 years were included

in the three cycles of the NHANES survey 2005–2010.
Among these, 2401 respondents (14%) did not complete

the bowel health questionnaire and their data were

excluded from analysis. Pregnant women (n = 461) and

individuals who did not have dietary sample weight on

day 1 (n = 246) were also excluded from the analysis,

leaving 14 024 participants as the analytic sample. Using

dietary sample weight on day 1, the analytic sample size

(n = 14 024) was equivalent to a population-based sam-

ple size of 196 049 297 participants.

The study population included 6938 women (51.1%)

and 7086 men (48.9%) with a mean (SE) age

47.16 (0.34) years. Racial/ethnic distribution in the study

comprised 71.8% non-Hispanic white, 11.0% non-Hispa-

nic black, 8.0% Mexican American and 4.2% other His-

panic. US adults in the study sample consumed an mean

(SE) of 4121 (48.6) g day�1 water, 33.52% (0.13%) of

total energy in fat, 48.82% (0.20%) of total energy in car-

bohydrates, 15.83% (0.07%) of total energy in protein,

and 22.09% (0.19%) of total energy in total sugar, as well

as 27.12 (0.29) g day�1 total saturated fatty acids,

11.33 (0.44) g day�1 alcohol and 16.32 (0.22) g day�1

fibre.

Table 1 shows the demographic and baseline character-

istics of participants, including lifestyle factors, comor-

bidities and dietary factors by quartiles of dietary fibre

intake. Dietary fibre intake levels were significantly associ-

ated with age, sex, ethnicity, education, marriage, income,

smoking, physical activity, comorbidities (asthma, obesity,

BMI, poor teeth, COPD, diabetes mellitus, depression,

vitamin D deficiency), total water consumption, intake of

total fat, carbohydrates, protein, total sugar and total sat-

urated fatty acid and constipation (P < 0.05).

Univariate and multivariate regression analysis of risk

factors for constipation

Among all participants, 1042 (6.8%) reported having con-

stipation. Univariate logistic regression analysis indicated

that sex, ethnicity, education level, marital status, pov-

erty/income ratio, smoking status, BMI, depression, poor

teeth, fibre intake, total water consumption, total fat

intake, carbohydrates intake, protein intake, total sugar

intake, total saturated fatty acids intake and alcohol con-

sumption were significantly associated with constipation

(all P < 0.05) (Table 2). After adjusting for sex, ethnicity,

education level, poverty/income ratio, smoking, BMI,

depression, poor teeth, protein intake and alcohol con-

sumption, multivariate analysis revealed that black race/

ethnicity [odds ratio (OR) = 1.380, 95% confidence inter-

val (CI) = 1.054–1.809], a lower than 12th grade educa-

tion (OR = 1.420, 95% CI = 1.154–1.749) or high school

education (OR = 1.339, 95% CI = 1.057–1.697), lower

poverty/income ratios (1.3–3.49 versus ≥3.5: OR = 1.261,

95% CI = 1.015–1.567), normal weight (OR = 1.913,

95% CI = 1.534–2.386) or overweight (OR = 1.536, 95%

CI = 1.207–1.955), depression (OR = 1.610, 95%
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Table 1 Participant demographics and baseline characteristics by quartiles of dietary fibre intake†

Characteristics

Quartiles of dietary fibre intake

P-valueQ1 (n = 3480) Q2 (n = 3464) Q3 (n = 3552) Q4 (n = 3528)

Demography

Age (years) (%)

20–44 years 1522 (48.8) 1418 (47.9) 1401 (43.4) 1448 (44.3) 0.001*

45–64 years 1142 (35.2) 1141 (33.6) 1208 (37.6) 1281 (39.6)

≥65 years 816 (16.1) 905 (18.5) 943 (19.0) 799 (16.1)

Sex, n (%)

Male 1457 (39.2) 1574 (44.0) 1817 (50.1) 2238 (60.8) <0.001*

Female 2023 (60.8) 1890 (56.0) 1735 (49.9) 1290 (39.2)

Ethnicity, n (%)

Non-Hispanic white 1607 (67.4) 1794 (73.1) 1807 (72.1) 1756 (74.2) <0.001*

Non-Hispanic black 983 (16.7) 754 (12.0) 595 (9.2) 468 (6.8)

Mexican American 452 (6.3) 496 (5.9) 695 (8.7) 884 (10.6)

Other Hispanic 316 (4.9) 292 (3.9) 293 (4.1) 288 (4.0)

Other 122 (4.8) 128 (5.1) 162 (5.9) 132 (4.3)

Education (%)

<12th grade 1144 (23.2) 902 (16.6) 939 (16.6) 943 (15.8) <0.001*

High school 949 (30.5) 904 (26.4) 814 (22.5) 710 (19.8)

College 1379 (46.4) 1656 (56.9) 1798 (60.8) 1873 (64.4)

Marriage (%)

Never married 678 (19.6) 590 (19.1) 541 (16.6) 477 (14.3) <0.001*

Married 1847 (56.4) 2071 (61.7) 2213 (64.4) 2395 (69.9)

Widowed/divorced/separated 954 (24.0) 802 (19.1) 796 (18.9) 653 (15.8)

Income (%)

<1.3 1159 (26.9) 913 (19.1) 861 (16.7) 873 (17.0) <0.001*

1.3–3.49 1317 (38.7) 1281 (36.6) 1257 (35.0) 1158 (31.2)

≥3.5 776 (34.4) 1040 (44.2) 1152 (48.3) 1220 (51.8)

Smoking, n (%)

Never 1640 (45.0) 1807 (52.4) 1944 (55.5) 1904 (54.6) <0.001*

Former 740 (20.8) 913 (24.7) 930 (24.7) 1009 (28.7)

Current 1100 (34.2) 744 (22.8) 676 (19.8) 614 (16.7)

Physical activity, n (%)

Inactive 562 (31.0) 652 (31.1) 630 (28.1) 565 (22.4) <0.001*

Active 1224 (69.0) 1318 (68.9) 1537 (71.9) 1742 (77.6)

Comorbidity, n (%)

Asthma 324 (9.7) 305 (9.1) 232 (5.9) 227 (7.1) <0.001*

BMI

Normal 985 (30.7) 980 (31.0) 975 (30.2) 1031 (33.2) 0.009*

Overweight 1085 (31.9) 1136 (32.4) 1292 (36.0) 1260 (33.9)

Obesity 1373 (37.4) 1317 (36.6) 1250 (33.8) 1213 (32.9)

Poor teeth 596 (17.4) 450 (10.3) 423 (10.0) 397 (8.0) <0.001*

COPD 146 (4.3) 111 (3.2) 99 (2.4) 62 (1.6) <0.001*

Diabetes mellitus 407 (7.6) 461 (9.2) 431 (8.6) 361 (6.9) 0.015*

Depression 432 (11.7) 282 (7.2) 280 (6.8) 227 (5.5) <0.001*

Vitamin D deficiency 1352 (35.0) 1138 (27.4) 1095 (25.9) 934 (21.3) <0.001*

Dietary factors

Total water, n (%)

Poor intake 2066 (54.6) 1789 (45.5) 1589 (38.8) 1299 (30.7) <0.001*

Adequate intake 1414 (45.4) 1675 (54.5) 1963 (61.2) 2229 (69.3)

Total fat, n (%)

Low 389 (10.6) 199 (5.0) 240 (5.4) 237 (5.9) <0.001*

Adequate 1588 (47.3) 1731 (48.9) 1840 (50.3) 1959 (54.0)

Excessive 1501 (42.2) 1534 (46.2) 1472 (44.4) 1332 (40.0)

Carbohydrates, n (%)

Low 1523 (43.7) 1301 (41.3) 1077 (33.3) 911 (28.0) <0.001*
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CI = 1.119–2.315) and self-reported poor teeth

(OR = 1.441, 95% CI = 1.100–1.888) were associated

with an increased risk for constipation. Significantly

higher rates of constipation were seen at the lowest quar-

tile (OR = 2.142, 95% CI = 1.514–3.030) and second

quartile of intake of dietary fibre (OR = 1.439, 95%

CI = 1.039–1.993). Total water consumption was signifi-

cantly associated with an increased risk of constipation in

univariate analysis, although this significance did not

remain in multivariate analysis. Male sex (OR = 0.478,

95% CI = 0.370–0.618), former smoker (OR = 0.635,

95% CI = 0.488–0.826), excessive protein intake

(OR = 0.281, 95% CI = 0.086–0.916) and higher alcohol

consumption (OR = 0.994, 95% CI = 0.988–1.000) were

associated with a low risk of constipation (Table 2).

Discussion

In the present study, we investigated whether lower diet-

ary fibre and water consumption were associated with

increased risk of constipation in adults and evaluated

other possible risk factors for constipation. Approximately

6.8% of adults in a large, nationally representative sample

of US adults in the NHANES database 2005–2010
reported having constipation. Among these participants,

non-Hispanic black ethnicity, education level of 12th

grade or high school, lower family income to poverty

ratios, normal weight or overweight, having depression

and having poor dental health were associated with an

increased risk of constipation. After adjusting for

covariates, multivariate analysis revealed that lower diet-

ary fibre intake was associated with a greater risk of con-

stipation. Total water consumption was significantly

associated with an increased risk of constipation in uni-

variate analysis, although this significant relationship dis-

appeared in multivariate analysis.

Our premise was that, by examining a broad range of

variables such as demographics, lifestyle factors, comor-

bidities and dietary factors in a large adult population, we

would likely be able to clarify the associations between

fibre and water intake and constipation. Therefore, we

elected to use the NHANES secondary database because it

is comprehensive and nationally representative, drawing

continuously from a large, racially diverse sample of par-

ticipants of the US population. Therefore, findings made

based on analysing data from the NHANES database are

highly likely to be generalisable to the overall US popula-

tion. Nevertheless, the results of the present study were

distinctly different from those of a prior study using the

NHANES database (14). Markland et al. (14) analysed the

data of 9373 US male and female adults aged ≥20 from

the 2005–2008 cycles of NHANES, which overlapped that

data included in the three NHANES cycles analysed in

the present study. Constipation was defined based on the

Bristol Stool Scale Type 1 or 2, as in the present study.

The prevalence rate of constipation in the Markland

study was 10.2% for women and 4.0% for men compared

to 6.8% in the present study, and low liquid consumption

was a predictor of constipation among women, whereas

dietary fibre intake was not. In our study, however, we

Table 1. Continued

Characteristics

Quartiles of dietary fibre intake

P-valueQ1 (n = 3480) Q2 (n = 3464) Q3 (n = 3552) Q4 (n = 3528)

Adequate 1617 (46.5) 1927 (53.1) 2186 (60.0) 2313 (64.4)

Excessive 338 (9.8) 236 (5.6) 289 (6.7) 304 (7.5)

Protein, n (%)

Low 484 (13.9) 299 (7.7) 274 (7.3) 228 (6.7) <0.001*

Adequate 2958 (85.1) 3156 (92.0) 3270 (92.3) 3297 (93.2)

Excessive 36 (1.0) 9 (0.3) 8 (0.4) 3 (0.1)

Total sugar, n (%)

Adequate 485 (13.4) 360 (11.9) 327 (9.4) 313 (9.0) <0.001*

Excessive 2993 (86.6) 3104 (88.1) 3225 (90.6) 3215 (91.0)

Total saturated fatty acids (gm) 19.50 (0.34) 25.45 (0.38) 28.44 (0.37) 34.12 (0.51) <0.001*

Alcohol (g) 12.90 (0.90) 11.60 (0.80) 10.32 (0.56) 10.68 (0.56) 0.057

Constipation, n (%)

Yes 350 (10.1%) 251 (6.5%) 249 (6.4%) 192 (4.7%) <0.001*

No 3130 (89.9%) 3213 (93.5%) 3303 (93.6%) 3336 (95.3%)

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

*Significant difference between levels of dietary fibre intake.
†NHANES 2005–2010 (unweighted n = 14 024; weighted N = 196 049 297‡).
‡

Data are weighted according to the National Health and Nutrition Examination Survey protocol.
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found that lower dietary fibre intake was associated with

a greater risk of constipation, whereas fluid intake was

not. Consequently, the findings of Markland et al. (14)

supported treatment of constipation with increased fluids,

but not increased dietary fibre. One possible explanation

for the two studies reaching opposite conclusions in over-

lapping populations is that Markland et al. (14) may have

failed to control for certain potential mediating variables

previously identified as risk factors for constipation,

including smoking (28), alcohol consumption (23), poor

dental health (32) and depression (5). Also, the separate

analysis of sex by Markland et al. (14) , as well as exclu-

sion of the Bristol Stool Scale Types 6 and 7 in multivari-

ate regression analysis and the categorisation of fluid

intake into quartiles rather than poor versus adequate

intake, could have contributed to the discrepancy in

results between studies. In the present study, after we

adjusted for sex, ethnicity, education level, poverty/in-

come ratio, smoking, BMI, depression, poor teeth, pro-

tein intake and alcohol consumption, multivariate

analysis showed no association between fluid intake and

increased risk of constipation. Obviously, additional stud-

ies are needed to investigate whether a synergistic effect

may exist between dietary fluids and fibre and to deter-

mine optimal amounts of dietary fluid.

Table 2 Logistic regression analysis of factors associated with

constipation

Characteristics

Odds ratio (95% confidence interval)

Univariate Multivariate

Age

20–44 years versus

≥65 years

1.108 (0.891, 1.379)

45–64 years versus

≥65 years

0.899 (0.721, 1.122)

Sex

Male versus female 0.401 (0.327, 0.492) 0.478 (0.370, 0.618)

Ethnicity

Black versus white 1.639 (1.318, 2.040) 1.380 (1.054, 1.809)

Mexican American

versus white

1.399 (1.044, 1.874) 1.264 (0.905, 1.767)

Other Hispanic versus

white

1.457 (1.074, 1.979) 1.013 (0.718, 1.429)

Other versus white 1.251 (0.716, 2.186) 0.955 (0.556, 1.640)

Education

<12th grade versus

college

1.678 (1.378, 2.043) 1.420 (1.154, 1.749)

High school versus

college

1.490 (1.221, 1.818) 1.339 (1.057, 1.697)

Marriage (%)

Never married versus

Widowed/Divorced/

Separated

0.907 (0.679, 1.211) 1.174 (0.814, 1.694)

Married versus

widowed/divorced/

separated

0.747 (0.583, 0.958) 0.946 (0.714, 1.253)

Income (%)

<1.3 versus ≥3.5 1.905 (1.547, 2.346) 1.232 (0.955, 1.589)

1.3–3.49 versus ≥3.5 1.606 (1.292, 1.997) 1.261 (1.015, 1.567)

Smoking, n (%)

Former versus never 0.888 (0.729, 1.083) 0.635 (0.488, 0.826)

Current versus never 0.753 (0.620, 0.914) 0.832 (0.661, 1.047)

Physical activity

Inactive versus active 1.138 (0.833, 1.555)

Asthma

Yes versus no 1.089 (0.784, 1.514)

BMI

Normal versus obesity 1.619 (1.308, 2.004) 1.913 (1.534, 2.386)

Overweight versus

obesity

1.301 (1.046, 1.618) 1.536 (1.207, 1.955)

COPD

Yes versus No 1.149 (0.772, 1.710)

Diabetes mellitus

Yes versus No 1.048 (0.796, 1.380)

Depression

Yes versus No 1.961 (1.469, 2.618) 1.610 (1.119, 2.315)

Poor teeth

Yes versus No 1.749 (1.369, 2.235) 1.441 (1.100, 1.888)

Vitamin D deficiency

Yes versus No 1.021 (0.842, 1.240)

Fibre

Q1 versus Q4 2.298 (1.732, 3.049) 2.142 (1.514, 3.030)

Q2 versus Q4 1.418 (1.063, 1.891) 1.439 (1.039, 1.993)

Table 2. Continued

Characteristics

Odds ratio (95% confidence interval)

Univariate Multivariate

Q3 versus Q4 1.406 (1.042, 1.897) 1.392 (0.992, 1.952)

Total water

Poor intake versus

adequate intake

1.295 (1.102, 1.522) 1.059 (0.885, 1.267)

Total fat

Low versus adequate 1.482 (1.084, 2.027) 1.336 (0.872, 2.048)

Excessive versus

adequate

0.883 (0.703, 1.108) 0.882 (0.664, 1.172)

Carbohydrates

Low versus adequate 0.788 (0.646, 0.962) 0.946 (0.726, 1.233)

Excessive versus

adequate

1.579 (1.123, 2.220) 1.258 (0.813, 1.948)

Protein

Low versus adequate 1.200 (0.899, 1.602) 0.935 (0.674, 1.297)

Excessive versus

adequate

0.344 (0.127, 0.930) 0.281 (0.086, 0.916)

Total sugar

Excessive versus

adequate

1.904 (1.379, 2.629) 1.309 (0.918, 1.865)

Total saturated fatty

acids (per one unit)

0.987 (0.979, 0.994) 1.006 (0.998, 1.013)

Alcohol (per one unit) 0.989 (0.983, 0.995) 0.994 (0.988, 1.000)

BMI, body mass index; COPD, chronic obstructive pulmonary disease.

Significant values are shown in bold (P < 0.05).
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Sex differences have been noted in studies of constipa-

tion. The results of the study by Markland et al. (14)

showed that women in the NHANES 2005–2008 survey

consumed both more dietary fibre and liquids than men

and engaged in more vigorous physical activity than men,

and yet no significant differences were found in the rate

of constipation between sexes. Women participating in a

specialty clinic for constipation had more frequent consti-

pation and abnormal bowel conditions than men and also

reported differences in characteristics of constipation,

including abdominal pain and bloating, unsuccessful

evacuation, hard pellet-like stools and a longer duration

of symptoms (35). In a US study of older adults (36),

bowel symptoms were common in older men and women

but women had a higher prevalence of constipation,

whereas men had a higher prevalence of faecal inconti-

nence. In the present study, dietary fibre intake levels

were significantly associated with sex, as were rates of

constipation; the constipation rate among men was low

compared to that in women, indicating a possible protec-

tive effect of male sex. Sex differences may involve differ-

ent physiological mechanisms (35) and more studies are

needed to evaluate differences in bowel habits and the

symptoms of constipation in men and women. It has

been suggested, however, that criteria such as straining

and time between bowel movements are more symp-

tomatic of constipation than stool consistency, especially

in older adults (18), and these symptoms were not

included in the NHANES database used for the present

study.

Different results regarding the effects of dietary intake

of fibre and fluids on constipation have also been

reported in other populations around the world. Mura-

kami et al. (37) evaluated associations between dietary

intake of water, fibre and magnesium and functional

constipation in Japanese women aged 18–20 years. The

results showed that magnesium intake and low water

intake from foods, rather than low total fluid intake,

were independent risk factors for constipation in these

young women, who also had relatively low dietary fibre

intake. It was speculated that, among other nutrients,

magnesium may increase bowel motility. In Malaysia,

dietary fibre and fluid were both associated with symp-

toms of aggravated constipation (38). In that study,

however, it was suggested that dietary factors alone

may not influence stool consistency and severity of

symptoms as measures of constipation, suggesting that

dietary intervention may have limited usefulness, espe-

cially in sedentary individuals, because physical activity

increases the demand for fluid intake. This appears to

imply that dehydration could be responsible for a link

between higher physical activity levels and constipation

in the Malaysian study (38). Nevertheless, moderate

physical activity and increasing fibre intake were able

to substantially reduce the prevalence of constipation in

a study of women and their bowel habits in relation to

dietary and lifestyle habits (39). In the study by Dukas

et al. (39), women who exercised daily and consumed at

least 20 g of fibre daily had a three-fold reduced risk

of constipation. However, it was suggested that caution

should be used when interpreting the influence of diet-

ary factors on constipation because food choices might

easily reflect preferences directly as a result of the con-

dition of constipation.

Limitations

The present study has several limitations, including the

use of a secondary cross-sectional database and retro-

spective analyses of data. Use of cross-sectional data

means that causal inferences cannot be made and we

cannot determine whether increasing fibre or fluid

intake will improve constipation. NHANES surveys also

used interviews and questionnaires to obtain self-

reported information, which may involve inaccurate

self-reporting or recall bias. For example, the NHANES

protocol used 24-h recall to assess dietary habits in

their interviews with participants, which likely does not

represent long-term dietary habits. However, these were

the only data available for analysis. The NHANES data

also did not include sufficient details of symptoms

associated with constipation, especially straining and

time between bowel movements, and they also did not

include organic aetiology of constipation, such as con-

stipation-predominant irritable bowel syndrome; there-

fore, we were unable to identify the duration and

severity of constipation or aetiological considerations,

and comparisons of these factors could not be made.

We also did not include the amount of supplemental

fibre in the analysis because few participants had

reported specific dietary component information in the

NHANES surveys. In addition, we were unable to

assess the use of laxatives because this information was

lacking in the responses of NHANES participants, and

this may introduce bias into our study results. Com-

prehensive data are needed from long-term prospective

studies of constipation in adult populations to fur-

ther clarify the influence of fibre and fluid intake on

constipation.

Conclusions

Lower dietary fibre intake, but not poor water consump-

tion, is associated with a greater risk of constipation in

US adults. Well-designed longitudinal studies are needed

in the future to confirm these findings.
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Abstract

Background: The Health Star Rating (HSR) is a front-of-pack label designed

to help Australian consumers identify healthier packaged foods. Price is an

important determinant of food choice and yet no previous studies have

examined the relationship between HSR and price. In the present study, we

investigated whether (i) healthier packaged food products, as determined by

HSR, are more expensive than less healthy alternatives and (ii) products dis-

playing the HSR are more expensive than similar products that do not.

Methods: Prices of three packaged foods categories (breakfast cereals, cer-

eal-based bars and fruit juices) and nutrient data (to calculate HSR) were

obtained from shopping receipts of approximately 1600 Australians between

June 2014 and September 2016. Associations between HSR and price [per

energy ($/100 kJ) and per unit ($/100 g)] for products of comparable pack-

age sizes were assessed by linear regression and the results are presented as

differences in average price over the theoretical maximum range of HSR

from 0.5 to 5 stars.

Results: The HSR of products was not consistently related to price. Small

positive associations were observed for juice ($0.08/100 mL; P = 0.03) and

for cereal-based bars ($0.04/100 kJ; P = 0.02). No other associations

between HSR and price were observed (P ≥ 0.23). Products that displayed

the HSR were no more expensive on average than products that received a

similar HSR but did not display the HSR (P ≥ 0.16).

Conclusions: In summary, the findings of the present study suggest that

healthier packaged food products were not consistently more expensive than

less healthy products and also that price is unlikely to be a barrier for con-

sumers to use the HSR to select healthier packaged foods.

Introduction

Poor dietary patterns are a cause of significant deaths and

disabilities globally (1) and have been identified as a lead-

ing preventable risk factor (2). Therefore, the implementa-

tion of effective interventions to improve population

nutrition is essential for reducing disease burdens attribu-

table to poor diets. Systematic reviews suggest that, rela-

tive to traditional Nutrition Information Panels (NIP),

front-of-pack labels (FOPL) are likely to aid consumers

to identify healthier food choices (3–6). A number of

FOPL schemes have been developed worldwide. In

Australia, the Health Star Rating (HSR) system (i.e. a

FOPL) is applicable to packaged foods and was developed

by Australian, state and territory governments in collabo-

ration with industry, public health and consumer groups.

The HSR uses nutrient profiling to rank the healthfulness

of foods from a half star (least healthy) to five stars

(healthiest) for products in the same product category (7).

Although the HSR appears to be accepted by the

majority of consumers (8), food choices are also influ-

enced by a variety of other factors (9–12). Along with taste,

exposure to marketing and convenience, the price of food

is often considered to be more important than the
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healthfulness of the food items (9,10). If products identi-

fied as healthier by FOPL systems are consistently more

expensive than less healthy products, consumers may be

discouraged from using the system to make healthier

choices. Another factor that may detract from the effec-

tiveness of FOPL systems, such as the HSR, is the possi-

bility that the food industry may apply price premiums

to foods that carry the FOPL. This may be particularly

relevant to the HSR system because it has been imple-

mented on a voluntary basis and has not been taken up

by all food companies or adopted fully within product

categories (13–16).

To our knowledge, no study has investigated whether

healthier packaged foods are more expensive than less

healthy alternatives in the same product category, as

ranked by the HSR system. An investigation of the rela-

tionship between the healthfulness of foods and price will

help to identify whether price could be a barrier to using

the HSR system. Therefore, the two objectives for the

present study were to determine whether : (i) healthier

packaged food products, as determined by the HSR, are

more expensive on average than less healthy alternatives

and (ii) products that display the HSR are more expen-

sive than similar products that do not display the HSR.

Materials and methods

Source of price and nutrient data

Price data were obtained from the ‘Food Label Trial’

(FLT), registered in the Australian New Zealand Clinical

Trials Registry (ACTRN12614000964617; http://www.anzc

tr.org.au) approved by the University of Sydney Human

Research Ethics Committee (Project no. 2014/460). The

FLT assessed the effectiveness of different FOPL to help

consumers make healthier food and drink choices. Partic-

ipants were provided information on the trial and gave

their written informed consent. All data used for the pre-

sent analyses were de-identified.

In the FLT, a total of 1578 participants were ran-

domised nationally, with an age [mean (SD)] of

37.9 (11.1) years, of whom 84% were women. Of the par-

ticipants, 78% had completed tertiary or postgraduate

education, and almost two-thirds of participant house-

holds earned between $50K and $150K per year (17). The

product price database used in the present study was cre-

ated from product purchases made by the FLT trial par-

ticipants. Participants shopped at Australian supermarkets

at least one time per week over a 5-week period. At each

shopping event, participants were required to scan the

barcodes of all purchased packaged food and drinks using

a smartphone application developed specifically for the

trial. The till receipts from shopping events were pho-

tographed using a smartphone and sent to the study

investigators. Price data collected over the duration of the

trial (September 2014 to June 2016) were included in

the analyses and entered into a database to maximise the

price data that were available.

The FLT price database was merged with the George

Institute branded food composition database using pro-

duct barcodes (18). The branded food composition data-

base was compiled from in-store surveys at four stores

(one from each major Australian supermarket: ALDI,

Coles, IGA and Woolworths) in the Sydney Central Busi-

ness District, Australia. Nutrition information based on

the NIP for all packaged food products from the stores

was collected. For each product, the brand and product

name, barcode (i.e. universal product code) and nutrition

information per 100 g from the NIP were directly tran-

scribed from the product packaging. In addition, the

presence of the HSR on products was recorded. Data

were entered into the database using standardised proce-

dures and quality checks (19). The branded food composi-

tion database is updated annually and contains

information on more than 20 000 packaged food prod-

ucts. The 2015 branded food composition database was

collected in August to December 2015 and was used for

the current analyses (18).

Product categories investigated

The food and drinks categories included in the present

study were breakfast cereals, cereal-based bars and juices.

Breakfast cereals were investigated because this is a core

food category recommended by the Australian Dietary

Guidelines, as consumed by a large proportion of Aus-

tralians according to the National Nutrition and Physical

Activity Survey 2011–12 (43% of respondents on the day

of the survey) (20). Likewise, both cereal-based bars and

juices are also consumed by a large proportion of Aus-

tralians; 32% and 28%, respectively (20). Cereal-based bars

(classified as discretionary foods) and juice (a food cate-

gory advised to be consumed occasionally by the Aus-

tralian Dietary guidelines) were evaluated to provide a

broader perspective of the relationship between the HSR

and price of products across different food categories. In

addition, prior investigation suggests that these three food

categories have been prioritised for the HSR implementa-

tion by the food industry (13). Details of the type of prod-

ucts included in the three food categories are provided in

the Supporting information (Table S1).

Health Star Rating

HSR for all eligible products in the branded food compo-

sition database was either directly recorded from products

with an existing HSR displayed on the product packaging
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or calculated using government defined criteria in the

Health Star Rating Guide for Industry (7). The HSR is

based on the Nutrition Profiling Scoring Criterion

(NPSC) developed by Food Standards Australia New

Zealand. The NPSC is underpinned by the 2013 Aus-

tralian Dietary Guidelines, in terms of recommended

nutrients for the prevention of chronic disease and obe-

sity (7). Using the NPSC, the HSR Calculator uses an

algorithm to assign a star rating to indicate the overall

healthfulness of a food, according to the food category

into which it is assigned (i.e. beverages, dairy beverages,

all other foods, dairy foods, oil and spreads, cheese and

processed cheese). The HSR is a 10-point system that

provides a rating from 0.5 to 5 stars, increasing in 0.5 star

increments, with more stars indicating a healthier profile.

The algorithm assigns baseline points based on four

aspects of food: energy, saturated fat, sugar and sodium,

an excessive consumption of which is associated with an

increased risk of chronic disease. After baseline point allo-

cation, relevant positive food factors (i.e. fruit, nut and

legume content, fibre, and protein) are considered to

determine the final star rating.

Primary outcomes: unit and energy costs

The metric that is most relevant for comparing the prices

of foods remains a topic of contention with divergent

views (21). Some have suggested that the unit cost

($/100 g or $/mL) is most relevant to consumers because

this information is readily available in some countries,

including Australia (unit cost labelling is required by law

in Australia) (21). Others suggest that the energy cost

($/100 kJ) is more appropriate if the key question is

related to a need to obtain sufficient energy to achieve

energy balance (12). In the absence of a consensus, the

present study evaluated price using both unit and energy

costs as primary outcomes.

To minimise the potential impact of different package

sizes on price (i.e. quantity discounts; larger size products

are likely cheaper per 100 g compared to smaller package

sizes) (22), the most popular package sizes (i.e. the pack-

age size most frequently purchased by participants in each

category) were identified from the FLT. These sizes were

500 g, 175 g and 2000 mL for breakfast cereal, cereal-

based bars and juices, respectively. In subsequent analyses,

if a product was available in multiple sizes, the size clos-

est to the most popular size purchased in the FLT was

used. For example, if a breakfast cereal product was avail-

able in 600 g and 1000 g package sizes, the unit and

energy costs for the 600 g product (closer to the most

popular size of 500 g) were used in the analysis. The

mean price was calculated if a product was purchased

multiple times throughout the FLT. To standardise the

comparison across products, discounted prices (identified

by till receipts and recorded in the FLT) were excluded

from the analyses.

Statistical analysis

In the original FLT, the planned sample size was 2500

randomised individuals that were assigned in a

1 : 1 : 1 : 1 : 1 ratio to one of the four intervention

groups or control with the primary goal of achieving 90%

power (at a = 0.05) to detect a 2 unit or greater differ-

ence in the mean transformed nutrient profile of pur-

chased foods (healthiness score derived from the nutrient

profile system) between each specified pair of groups. The

achieved sample size of 1578 provided more than 80%

power (at a = 0.05) to demonstrate non-inferiority with

a margin of 2 units (2%) for the primary outcome. The

present study comprised an exploratory analysis using a

pragmatic approach to analyse data already collected from

the FLT to examine the association of HSR and price

without additional power calculation.

The distribution of nutrient content [mean (SD),

range] of products is presented according to their HSR

category ranges (<2.5, 2.5–3.5 and > 3.5). For the pri-

mary analysis, linear regression was used to determine

the association between the HSR of packaged products

within each product category and their unit and energy

costs. The results are presented as differences in average

price over the theoretical maximum range of HSR from

0.5 to 5 stars. Because a wide range of package sizes

was still observed within each product category, even

accounting for the sampling approach described above,

analyses were conducted for the overall dataset and also

restricted further to products of similar sizes within

each product category to reduce potential confounding

effect by package size. The criteria for a similar size

product was an assumption of a reasonable size

substitution, such that, if a consumer usually bought a

500 g cereal product (the most purchased pack size

identified in the database), they may substitute for a

600 g packet but would be unlikely to purchase a 2 kg

bulk packet. The most popular pack size was used as

the reference pack size. In this sensitivity analysis,

products were restricted to the following package size

ranges: breakfast cereals, 400–600 g; cereal-based bars,

175–350 g; and juices, 1000–2000 mL. Linear regression

was also used to determine whether the mean price

(unit and energy cost) of products displaying the HSR

differed from products that did not display the HSR

(non-HSR products).

In secondary analyses aiming to investigate whether

higher HSR products were more likely to display the

HSR, the mean difference in the HSR score between
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products that displayed the HSR (‘HSR products’) and

products in the same food category that did not display

the HSR (‘non-HSR products’) was determined. These

analyses were conducted using the George Institute

branded food composition database. Statistical analyses

were conducted using SPSS, version 21 (IBM Corp.,

Armonk, NY, USA). P < 0.05 (two-sided) was considered

statistically significant.

Results

Analytic dataset

Merging the FLT price and branded food composition

databases produced 2191 unique product barcodes for

products in the breakfast cereal, cereal-based bars and

juice categories. After excluding products with dis-

counted prices, products with multiple pack sizes (i.e.

leaving one size of each unique product in the dataset)

and calculating the mean price for products purchased

multiple times, a total of 416 products across the three

food categories was included in the analyses (Fig. 1).

The range of package size for products included in the

analysis was 170–1120 g for breakfast cereals, 40–480 g

for cereal-based bars and 200–3000 mL for juice prod-

ucts. Almost two-thirds (64%) of breakfast cereals, 63%

of cereal-based bars and 67% of juice products had

multiple price data points. The median (range) of the

number of price points per unique product was 2 (1–
16) for breakfast cereals, 2 (1–8) cereal-based bars and 2

(1–13) for juice products.

Health Star Rating, energy and nutrient levels in

packaged food products

The HSR of products ranged from 2–5 for breakfast cere-

als (n = 173), 1–4 for cereal-based bars (n = 148) and

0.5–5 for juices (n = 95). Of the breakfast cereal prod-

ucts, the majority (78% or 136%) of products received a

HSR of 4–5. For cereal-based bars and juices, the majority

of products received a HSR less than 3.5; 77% (74 prod-

ucts) and 85% (127 products), respectively.

The mean energy and nutrient contents of breakfast

cereal, cereal-based bar and juice products according to

the HSR are provided in the Supporting information

(Table S2). The HSR was significantly associated with

some (but not all) nutrients in each of the product

Novel dataset
i.e. barcodes in database

matched to assign products
with price

n = 2191

Food and drink categorisation
Breakfast cereals n = 813
Cereal-based bars n = 291

Juice n = 543

Final data included in the price
analyses

(i.e. unique products, average
of multiple price per product)

Breakfast cereals n = 173
Cereal-based bars n = 95

Juice n = 148

Data extracted from database:
Breakfast cereal,

Cereal-based bars,
Juice categories

The George Institute’s branded
food composition database

Excluded
Discounted price

n = 544

Food Label Trial database

Data included in the restricted
pack size analyses

Breakfast cereals n = 92
Cereal-based bars n = 63

Juice n = 98

Excluded
Duplicate pack size, multiple

price points
n = 1231

Figure 1 Sampling and development of the analytic

dataset.
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categories. For example, each unit increase in HSR was

associated with lower mean sodium (�81.5 mg/100 g),

carbohydrate (�9.3 g/100 g) and energy (�54.4 kJ/

100 g), as well as more protein (1.5 g/100 g), for break-

fast cereals (P < 0.001 for each).

Health Star Rating and price of packaged food products

The mean price and package size of food products

according to their HSR is summarised in Table 1. The

HSR score was not associated with energy cost but was

inversely associated with unit cost ($/100 g) for break-

fast cereal and juice products. That is, an increase in

HSR from 0.5 HSR to 5 HSR (maximum possible differ-

ence for the HSR) was associated with a difference in

average price of �$0.42/100 g [95% confidence interval

(CI) = �0.83 to �0.00] for breakfast cereals and

�$0.20/100 g (95% CI = �0.35 to �0.04) for juice

products. However, HSR was also related to package

sizes in the breakfast cereal and juices categories, such

that a higher HSR was related to a higher mean pack

size (Table 1).

In subsequent analyses that were restricted to products

of similar package sizes within each product category

(Table 2), the association of HSR with unit and energy

costs differed from the overall analysis. A higher HSR was

associated with a small but statistically significant higher

energy cost for cereal-based bars, and with unit cost for

juices. A difference of 4.5 HSR (from the lowest 0.5 to

the highest possible HSR of 5) was associated with a

higher average price of $0.04/100 kJ (95% CI = 0.01–

0.08) for cereal-based bars and with $0.08/100 mL

(95% = CI 0.01–0.16) for juice products.

Price comparison of HSR and non-HSR products

Approximately half (n = 87; 50.2%) of breakfast cereal

products investigated displayed a HSR on their packaging,

whereas only approximately 21% (n = 20) of cereal-based

bars and 6.8% (n = 10) of juices displayed HSRs on their

packaging. There was a wide variability in unit cost for

both HSR products and non-HSR products for breakfast

cereal, cereal-based bar and juices (Fig. 2). Similar large

variabilities were observed for energy cost (not shown).

The distribution of package size, unit costs and energy

costs for HSR and non-HSR products is shown in

Table 3. Mean package size was not significantly different

between HSR products and non-HSR products across all

three product categories (linear regression, P ≥ 0.31

each). For all three food categories, displaying the HSR

on package was not associated with unit cost or with

energy cost for breakfast cereal, cereal-based bars or juices

(P ≥ 0.16 for each).

HSR of packaged food products

The number of products, mean HSR and the mean differ-

ence in HSR score of products that displayed the HSR

compared to products that did not are summarised in

Table 4. For all food categories investigated, the HSR

score was higher for HSR products compared to non-

HSR products (P ≤ 0.014 for each).

Table 1 Health Star Ratings and price per unit and energy cost of packaged food products according to food categories

Food category

Health Star Rating*

Mean difference (95% CI)† P value

≤2 2.5–3.5 ≥4

Mean (SD) Mean (SD) Mean (SD)

Breakfast cereals, n = 173 n = 9 n = 28 n = 136

Unit cost ($/100 g) 1.05 (0.27) 0.91 (0.48 0.88 (0.49 �0.42 (�0.83, �0.00) 0.048‡

Energy cost ($/100 kJ) 0.06 (0.01 0.05 (0.03) 0.05 (0.02) �0.02 (�0.04, 001) 0.17

Package size (g) 492.1 (149.2 473.8 (103.2) 562.1 (211.2)

Cereal-based bars, n = 95 n = 33 n = 41 n = 21

Unit cost ($/100 g) 1.86 (0.96 1.73 (0.76) 1.83 (0.95) �0.01 (�0.91, 0.89) 0.99

Energy cost ($/100 kJ) 0.1 (0.05) 0.1 (0.04) 0.11 (0.04) 0.02 (�0.02, 0.07) 0.33

Package size (g) 205 (116.3) 198.9 (62.5) 210.5 (81.2)

Juices, n = 148 n = 24 n = 21 n = 103

Unit cost ($/100 mL) 0.42 (0.39) 0.42 (0.38) 0.3 (0.25) �0.20 (�0.35, �0.04) 0.013‡

Energy cost ($/100 kJ) 0.21 (0.21) 0.2 (0.16) 0.16 (0.14) �0.06 (�0.14, 0.02) 0.14

Package size (mL) 1166.6 (768.5) 1013.5 (523.5) 1610.7 (757.1)

*Health Star Rating (HSR) ranks the relative healthiness of products from 0.5 to 5 stars, with a higher HSR indicative of a ‘healthier’ product.
†Differences in mean price, WITH P-values were assessed by linear regression analysis. Mean difference is representative of theoretical maximum

range of HSR (i.e. the mean price difference between products with a HSR of 0.5 and 5). CI, confidence interval.
‡Significant, P < 0.05.
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Discussion

The present study suggests that, for cereal-based bars and

juice products of similar package sizes, there is a small

positive association between HSR and some metrics of

food cost; however, this was not consistent across price

metrics. HSR did not appear to be related to metrics of

food cost for breakfast cereals of similar package sizes.

There was also no evidence to suggest a meaningful dif-

ference in the mean price of HSR and non-HSR products

for each of the three food categories examined in the pre-

sent study. This was the case regardless of whether price

was expressed per unit or per energy cost of the food

product. Our findings also suggest that ‘healthier’ variants

were more likely to have a HSR displayed compared to

less healthy options.

Potential confounding influence of package size on the

association of HSR and food cost

Nonlinear pricing is a widely used as a strategy to promote

product sales. This means that products in larger package

sizes often cost less per unit compared to smaller units of

similar products (23–25). Hence, package size could be a

potential confounder of the relationship between HSR and

food costs. This was observed in the present analyses, such

that, although several inverse associations were observed

between HSR and food cost in the overall analyses, the rela-

tionships were no longer present or were reversed in their

direction of association when analyses were restricted to

products of similar package sizes (Tables 2 and 3). It is

unknown whether the relationship between HSR and pack-

age size was by design (i.e. manufacturers produced larger

packs of products with higher HSR) or a result of chance

(i.e. a consequence of the convenience sample used in the

present analysis). In any case, these results suggest that

package size could confound the relationship between HSR

and food cost and, accordingly, the analyses that were

restricted to products of similar package sizes should be

considered most relevant.

Health Star Rating and food cost

Packaged and pre-prepared foods typically account for up

to 50% of total energy intake in the diets of populations

from high-income countries such as Australia (26). The

relationship between the healthfulness of packaged foods

and food cost is therefore an important area of investiga-

tion because it has been suggested that higher costs may

be a barrier to purchasing healthier foods, especially

among lower-income earners (27,28). In the present study,

different associations between HSR and unit and energy

costs were observed for different food product categories.

For breakfast cereals, there was no appreciable association

Table 2 Association between the Health Star Rating and price per unit and energy cost of packaged food products restricted to similar package

sizes*

Food category

Health Star Rating†

Mean difference (95% CI)‡ P value

≤2 2.5–3.5 ≥4

Mean (SD) Mean (SD) Mean (SD

Breakfast cereals, n = 92 n = 4 n = 21 n = 67

Unit cost ($/100 g) 0.99 (0.26) 0.8 (0.33) 0.99 (0.4) �0.06 (�0.48, 0.37) 0.79

Energy cost ($/100 kJ) 0.06 (0.01) 0.05 (0.02) 0.06 (0.02) 0.01 (�0.02, 0.03) 0.56

Package size (g) 477.5 (26.3) 495.7 (52.4) 481.1 (48.7)

Cereal-based bars, n = 63 n = 17 n = 29 n = 17

Unit cost ($/100 g) 1.4 (0.53) 1.55 (0.58) 1.57 (0.31) 0.40 (�0.26, 1.07) 0.23

Energy cost ($/100 kJ) 0.08 (0.03) 0.09 (0.03) 0.1 (0.02) 0.04 (0.01, 0.08) 0.025§

Package size (g) 235.3 (41.7) 216.3 (21.4) 210.9 (36.5)

Juices, n = 98 n = 15 n = 13 n = 70

Unit cost ($/100 mL) 0.19 (0.1) 0.22 (0.11) 0.25 (0.12) 0.08 (0.01, 0.16) 0.035§

Energy cost ($/100 kJ) 0.14 (0.2) 0.13 (0.07) 0.14 (0.06) 0.01 (�0.06, 0.07) 0.81

Package size (mL) 1500 (422.6) 1346.2 (346.7) 1653.6 (430.5)

*Product include in this analysis were restricted to the following package size ranges to reduce potential confounding from package size: break-

fast cereals, 400–600 g; cereal-based bars, 175–350 g; and juices, 1000–2000 mL.
†Health Star Rating ranks the relative healthiness of products from 0.5 to 5 stars, with a higher HSR indicative of a ‘healthier’ product. CI, confi-

dence interval.
‡Differences in mean price and P-values were assessed by linear regression analysis. Mean difference is representative of theoretical maximum

range of HSR (i.e. the mean price difference between products with a HSR of 0.5 and 5).
§Significant, P < 0.05.
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between HSR and either unit cost or energy cost. Con-

versely, HSR was positively related to the mean food costs

for cereal-based bars (per energy cost) and juices (per

unit cost), although the magnitude of association

appeared very small. To put the magnitude of the

observed relationship into context, a ‘hypothetical’ sce-

nario was calculated to consider the additional mean cost

for a consumer who chooses the healthiest versus least

healthy products based on HSR. On average, choosing

cereal-based bars with a HSR of 5 compared to those

with a rating of 0.5 HSR would cost an extra $0.25 per

typical 35 g portion ($1.75 per week if consumed once

per day). The similar higher average cost of choosing

juices with HSR rating of 5 compared to those with a rat-

ing of 0.5 equates to $0.24 per 300 mL glass ($1.68 per

week if consumed once per day) (see Supporting infor-

mation, Table S3). Our findings suggest a need to exam-

ine the combined influence of FOPL such as HSR and

differences in food costs on consumer behaviour in future

experimental studies.

We are not aware of studies to date in Australia that

have assessed the association of the healthfulness of

packaged foods in the same product category (using

nutrient profiling) and food cost, and only two such

studies were available from other countries. In a study

by Luiten et al.(29) in New Zealand, the NPSC was used

to rank the healthfulness of foods. Luiten et al.(29)

reported that healthier nutrient profiles were weakly

associated with food costs (including breakfast cereal),

with different directions of association depending on the

food product category and outcome measure used (unit

cost, energy cost and per serving cost). Another study

conducted in Canada also used the NPSC according to

a cut-off criteria to classify breakfast cereals and

yoghurts as either healthy or less healthy. The study

reported that healthier breakfast cereals cost more on a

per serving basis but not per unit or per 100 kJ.

Similarly, the association of healthiness of yoghurts

with price differed depending on the food cost metric

used (30). Neither of the previous studies reported taking

Figure 2 Unit cost of food products according to Health Star Rating (HSR) displayed or not displayed on packaging. a) breakfast cereal products,

b) cereal-based bar products and c) Juice products.
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into account potential confounding by package sizes. A

comparison between studies is difficult because of differ-

ences in the study methods (e.g. nutrient profiling,

restricted versus not restricted to similar package sizes),

outcomes evaluated and the sampling approaches; how-

ever, two key similarities emerged. First, by contrast to

the hypothesis common to all investigators, there is no

evidence that healthier products are consistently more

expensive than less healthy products across the packaged

food categories. Second, the association of nutrient pro-

filing scores with food cost is affected by the price met-

ric (e.g. energy cost, unit cost or cost per serving) being

evaluated, highlighting the need to understand which

metric may be of most relevance to consumer decision-

making.

Health Star Rating on packaging and price

Product packaging is used by food manufacturers to

attract consumers to their products. Communicating

specific nutrient qualities (e.g. low fat) or production

processes (e.g. free-range) via marketing or food labels to

consumers may also enable food manufacturers to charge

a price premium (31,32). Such a practice may partially

explain previous studies suggesting that consumers per-

ceive products carrying FOPL to be more expensive than

Table 3 Association between the presence of Health Star Rating (HSR) and unit and energy cost of packaged food products

Number of

products (%)

Unit cost ($/100 g or mL) Energy cost ($/100 kJ)

Package

size, g or

mL Price, $
Mean difference*

(95% CI) P value†

Price, $
Mean difference*

(95% CI) P value†Mean (SD) Mean (SD) Mean (SD)

Breakfast cereals 173

HSR displayed 87 (50.3%) 514 (176) 0.93 (0.36) 0.06 (0.02)

HSR not displayed 86 (49.7%) 575 (213) 0.85 (0.58) �0.07 (�0.07, 0.22) 0.32 0.05 (0.04) 0.01 (�0.01, 0.02) 0.16

Cereal-based bars 95

HSR displayed 20 (21.1%) 190 (81) 1.90 (1.02) 0.11 (0.04)

HSR not displayed 75 (78.9%) 201 (90) 1.77 (0.83) 0.13 (�0.30, 0.57) 0.55 0.1 (0.04) 0.01 (�0.01, 0.04) 0.27

Juice 148

HSR displayed 10 (6.8%) 1690 (1040) 0.41 (0.38) 0.24 (0.21)

HSR not displayed 138 (93.2%) 1437 (744) 0.33 (0.3) 0.08 (�0.11, 0.28) 0.42 0.18 (0.15) 0.08 (�0.11, 0.28) 0.42

*Difference in mean price and P-value were assessed by linear regression with unit or energy cost as the dependent variable, and presence of

HSR on pack as the independent variable. Mean difference is representative of the mean price difference between products that display the HSR

and products that do not display the HSR. CI, confidence interval.
†Significant, P < 0.05.

Table 4 Difference in Health Star Rating (HSR) between products that display the rating versus products that do not, across product categories

Number of

products (%)

Health Star Rating*
Mean difference

(95% CI)† P value‡Mean SD

Breakfast cereal 650

HSR displayed 143 (22%) 4.1 (0.7) 0.25 (0.09, 0.40) 0.002

HSR not displayed 507 (78%) 3.9 (0.9)

Cereal-based bars 504

HSR displayed 70 (14%) 3.5 (0.8) 0.91 (0.68, 1.15) <0.001

HSR not displayed 434 (86%) 2.6 (0.9)

Juice 873

HSR displayed 22 (3%) 4.6 (0.4) 0.76 (0.15, 1.36) 0.014

HSR not displayed 852 (97%) 3.8 (1.4)

*HSR ranks the relative healthiness of products from 0.5 to 5 stars, with a higher HSR indicative of a ‘healthier’ product.
†Mean difference assessed by linear regression with HSR as the dependent variable, and presence of HSR on pack as the independent variable.

Mean difference is representative of the average HSR difference between products that display the HSR and products that do not display the

HSR. CI, confidence interval.
‡Significant, P < 0.05.
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those that do not (33). The present study found little evi-

dence to suggest that, at this early stage of HSR imple-

mentation, food manufacturers are selectively rolling out

HSR for higher priced breakfast cereals, cereal-based bars

or juices. This suggests that consumers are not having to

pay higher prices on average to use the HSR to guide

their choice of packaged foods.

Health Star Rating scores of products that display the

HSR compared to products that do not

Given the design of the HSR system, it was not surpris-

ing to observe that a higher HSR was generally associ-

ated with less sodium, sugars, saturated fat and energy,

and higher protein. The few instances where HSR was

not associated with a nutrient (e.g. sodium for juice

products) was a result of the negligible levels of such

nutrients in the product category examined. These find-

ings support the use of HSR to rank the relative health-

fulness of package food products. Nevertheless, our

findings suggest that food manufacturers may choose

not to display the HSR on nutritionally inferior prod-

ucts, aiming to prevent discouraging consumers from

purchasing their product. These findings are consistent

with prior reports that indicate that voluntary imple-

mentation of FOPL generally results in inconsistent

uptake of labelling systems (14–16). To ensure that con-

sumers are provided with consistent information across

product ranges to make informed food choices, making

HSR labelling a mandatory requirement should be con-

sidered.

Strength and limitations

The present study has several strengths. This is the first

study to evaluate the association of HSR and food prices,

which is highly relevant to the food policy context in

many countries that are currently considering or have

already implemented FOPL schemes. The research took

into account the potential confounding effects of package

size on the relationship between HSR and food cost, and

highlighted this as a potential important methodologic

issue that may not have been adequately addressed in

previous studies. The investigation focused on key pro-

duct categories commonly consumed by Australians and

used relatively up-to-date price information from super-

markets around Australia.

Potential limitations should be considered. Price data

were not available for all products in the George Insti-

tute branded food composition database, thereby reduc-

ing statistical power. The price data used in the present

study were collected from the four major Australian

supermarkets; therefore, the findings may not be

generalisable to products found in other food retail out-

lets, rural regions or other countries. However, given

that the four major supermarkets account for 91.6% of

the all supermarket market share in Australia (34), the

results are likely to be relevant to a large portion of Aus-

tralian consumers. The supermarket store in which the

products were purchased was not recorded; therefore,

the influence of pricing between supermarkets was not

considered. The impact of discounting on the relative

price of healthier versus less healthy packaged foods was

not examined because the FLT did not record the type

and level of discount applied to products. Additional

food categories should also be investigated to determine

whether our findings are consistent across other pack-

aged foods available in supermarkets.

Conclusions

By contrast to the prevalent notion that healthier foods

are more expensive, the findings of the present study sug-

gest that choosing healthier packaged breakfast cereals,

cereal-based bars and juices, as determined by the HSR, is

unlikely to result in substantial additional costs for con-

sumers.
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Abstract

Background: Despite the established benefits of calcium consumption, many

young Australians are not meeting the recommendations for calcium intake.

This is concerning because an adequate calcium consumption is important

throughout young adulthood to reach peak bone mass and for the preven-

tion of osteoporosis. Therefore, the present study aimed to explore the bar-

riers and enablers to consuming calcium-rich foods with young adults.

Methods: Using a semi-structured question guide, five focus group discus-

sions were conducted with 39 participants [mean (SD) age 22.5 (1.8) years].

Participants were mostly females (n = 29) and enrolled in tertiary education

(n = 31). A deductive approach was used to group common ideas into

themes. The findings from the focus groups were analysed using the COM-

B framework, which examines the interactions between three key compo-

nents (i.e. capability, opportunity and motivation).

Results: On examining the young adults’ capability to consume a diet ade-

quate in calcium, it was found that young adults had limited knowledge of

sources, prevention of disease and recommended amounts. Some partici-

pants voiced physical barriers to consumption (lactose intolerance). Oppor-

tunity was reported as a physical (availability of calcium-rich foods),

financial and social opportunity. Some participants reported motivation to

include dairy as a result of the habit becoming engrained during their child-

hood under parental influence (automatic motivation), whereas others

reflected on a lack of awareness relating to inadequacy and health conse-

quences (reflective motivation).

Conclusions: Although social media was seen to be an acceptable mode of

intervention, concerns were raised about the source and credibility of the

information. The findings may inform the development of future interven-

tions targeting eating habits of young adults.

Introduction

Calcium requirements during adolescence into young

adulthood are of significant importance (1). It has been

demonstrated that the calcium intake during growth may

influence peak bone mass and that a deficiency in calcium

intake can lead to low bone density or osteoporosis later

in life (2). Around 99% of the body’s calcium is found

within the bones to provide structure and strength (3). It

is an important nutrient required during growth to ensure

the development and maintenance of the skeleton (4).

Calcium is also important with respect to blood pressure

regulation (5), cancer protection (6–8), obesity prevention
(9,10) and diabetes prevention (11,12). Despite the many

benefits of calcium consumption, most young Australians

are not meeting the recommendations for calcium intake
(13). The latest National Nutrition and Physical Activity

Survey (NNPAS) 2011–2012 states that approximately
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44% of males and 71% of females fail to meet the esti-

mated average requirement for calcium (13). These num-

bers are concerning and indicate the need to determine an

effective way of increasing calcium consumption in young

adults.

A number of studies have looked at common barriers

to eating calcium-containing foods, although there has

been limited research conducted exclusively in young

adults. In the general population, the reported barriers

included a lack of knowledge regarding nondairy cal-

cium-rich foods (14); the belief that all dairy foods are

high in calories, cholesterol (14–16) and fat (17); the cost of

milk compared to other beverages (17); and perceived ver-

sus real lactose intolerance (18). Studies have also exam-

ined common enablers and motivators to consume

calcium-containing foods, which included association

with positive outcomes such as stronger hair and nails

and more energy; awareness of peak bone mass; and pre-

vention of osteoporosis (19,20). However, many of these

studies have focused exclusively on the views and atti-

tudes towards dairy products and have not extended this

to all calcium-rich foods. This concept is original and

emphasises the need and importance of the present study.

In addition, only one Canadian study (20) has explored

the perception of calcium in young men and women and

so the present study conducted in Australian 18–25-year-
old adults is novel.

To develop ways and strategies that help increase cal-

cium consumption, it is important to gain an insight into

eating behaviours, beliefs, attitudes and knowledge so

that an effective intervention can be developed. The cur-

rent research also examines opinions about the use of

social media for an intervention aiming to improve cal-

cium consumption. Over the last decade, the use of the

Internet and digital media has increased significantly,

allowing an extra avenue for health education to be deliv-

ered. The World Health Orgnaization defines eHealth as

the use of the modern information and communication

technologies for health (21) and mHealth is a sub-category

that refers to the use of mobile devices in a medical or

public health setting (22). Internet and smartphone-deliv-

ered public health interventions have recently emerged

and gained momentum (23), leading to an opportunity to

use social media to address issues such as calcium inade-

quacy. The current research explores the barriers and

enablers to the calcium consumption in Australian young

adults (18–25 years old) and informs the development of

a new social media intervention in young adults if this

delivery channel is acceptable to the target group. An age

range of 18–25 years was used in the present study

because this represents the period in adulthood where

calcium intake has the greatest impact on peak bone

mass development (24,25).

Materials and methods

The materials and methods used for the focus groups

were approved by the Human Research Ethics Committee

at the University (HREC). The ethics approval number is

2017/218.

Recruitment

Men and women aged between 18–25 years were eligible

to participate. Participants were recruited via Facebook,

tab-flyers and active face-to-face recruitment. A recruit-

ment flyer was posted on Facebook and sent to existing

friends, connections and public groups within networks

of the researchers conducting the study. The flyer was

shared to enable a greater reach of participants. Tab-flyers

were posted on public notice boards that were widely

viewed, such as in food courts and kitchens, as well as in

public places around university campus, such as bath-

rooms. Participants were actively recruited via announce-

ments at the start of lectures and face-to-face active

recruitment on campus.

People interested in the study e-mailed the researchers

and a member of the research team then screened indi-

viduals for eligibility. Participants were given an informa-

tion sheet to provide them with more information about

the study and what was required of them. If they

remained interested, they were booked into a focus group

session. Participants were offered a $10 store voucher as a

reimbursement for their time. The amount was not speci-

fied in the recruitment material. Participants were

excluded if they had undertaken or were currently under-

taking a nutrition-related subject or degree. Participants

were also excluded if they were regularly consuming cal-

cium supplements because of their demonstrated knowl-

edge of calcium and the effects it has on health (26).

Procedures

Participants were allocated to a focus group session at a

time convenient to them. Five focus groups were con-

ducted over two consecutive weeks in rooms on a univer-

sity campus. This was to ensure a range of participant

responses, as well as for satisfactory theoretical saturation

to be reached (27). Data saturation was defined as collec-

tion of data until there were fewer surprises with the

responses and no new themes emerged (28). The focus

groups were led by a female facilitator (AR, dietitian and

PhD researcher). A moderator (SC, student dietitian) was

present to record group dynamics and nonverbal commu-

nication, as well as to assist with time-keeping. Focus

groups were audiotaped to enable systematic analysis of

the discussions. The size of the groups ranged from six to
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nine participants and each ran for approximately 1 h in

duration.

Upon arrival, participants provided their written

informed consent to the audiotaping of the focus group

and completed a short questionnaire. Data collected

included demographics (age, gender, education level),

whether they followed a specific diet (e.g. vegetarian,

sugar-free, calorie-restricted) or had lactose intolerance,

and whether they considered it important to include cal-

cium, naming calcium-containing foods and rating the

importance of eating healthily. After completion of the

focus group, an additional questionnaire was adminis-

tered to determine whether their views had changed in

regard to knowledge gain or motivation to eat foods rich

in calcium, as well as to gain an insight into their per-

sonal barriers and determine their preference for a social

media platform.

The focus group structure followed the methods sug-

gested by Krueger and Casey (27) to ensure good discus-

sion and exploration of themes. The focus group

discussion was semi-structured to ensure consistency with

respect to the information given to all the groups and

allowed for some level of flexibility in the discussion by

participants (29). The discussion focused on the partici-

pant’s general knowledge of calcium, how they viewed

their personal intake of calcium and calcium-containing

foods in terms of adequacy and inadequacy and the fac-

tors affecting calcium intake, as well as the personal

enablers and barriers to consuming particular foods con-

taining calcium and whether obtaining sufficent calcium

is actually a concern of people their age (Table 1).

Finally, participants were asked for suggestions regarding

effective ways to convey the importance of consuming

calcium-containing foods in the diet and whether they

considered the use of social media for an intervention

would be acceptable and appropriate.

Data collection and analysis

By the end of the fifth focus group, the researchers came

to the conclusion that saturation in themes had been

reached and no new ideas were being generated. Data

were analysed following the completion of all the focus

groups and each audiotape recording was transcribed.

Transcripts were checked for quality control and then

imported into NVIVO, version 11.0.0317 (QSR Interna-

tional Pty Ltd, Melbourne, VIC, Australia), comprising

software that is commonly used for the analysis of quali-

tative research. Analyses were guided by Knodel (30) and

Hsieh & Shannon (31), which involved determining pat-

terns in ideas and their frequency.

An initial set of codes were developed corresponding to

the categories of questions (i.e. general calcium

knowledge, factors affecting intake and strategies to

improve calcium intake). All participant responses were

then grouped and coded for frequency. Codes were also

identified from previous research conducted on this topic

that addressed common themes such as cost and knowl-

edge (20,32). A deductive reasoning approach was used that

involved moving from general to specific information.

The themes were then grouped using the COM-B frame-

work which examines the interactions between three key

components (i.e. capability, opportunity and motivation),

and is a well-known method for analysing target beha-

viours and developing behaviour change interventions
(33). Michie et al. proposed that an individual requires

Table 1 Line of questioning developed and used in focus groups to

gather information on the barriers and enablers of consuming

calcium-containing foods

Focus Group Questions

General Calcium Knowledge

What do you know about calcium?

Do you know how much you should be having every day?

Why it is good for our health?

What comes to mind when you think of sources of calcium in the

diet Where do you think these are found?

What do you think is the best source of calcium in the diet? What

is your understanding of calcium-rich foods

How much is one serving?

Do you think getting enough calcium is a concern of people in your

age group

Is getting enough calcium a concern for you?

Information about personal calcium intake/factors affecting calcium

intake

What are the main calcium-containing products you consume?

What do members in your family usually consume?

What are the beverages you drink throughout the day?

Thinking about the calcium-containing products that you do

consume, why do you consume these particular products

What are some foods that you know contain calcium but that you

do not consume

Why do you not consume them?

Is the fat content in dairy products a concern for you?

Does the cost of calcium-rich food influence your ability to meet

your calcium goal

Do you think eating foods rich in calcium is time consuming/too

expensive/not affordable

Improving calcium intake

Are there any strategies that you use to help make sure you are

getting enough calcium in your diet

What strategies would be helpful to motivate you to consume

more calcium-rich foods

Do you think social media could be incorporated into reminding

people your age about the importance of consuming calcium or

even used as a reminder

What would you consider to be the most effective way to convey

messages about the importance of getting enough calcium in your

diet to people in your age group
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capability (C), opportunity (O) and motivation (M) to

perform a certain behaviour (B) (34,35). The COM-B

model, which aims to guide the understanding of beha-

viour, proposes that an individual must be physically and

psychologically capable; have the social and physical

opportunity; and have the motivation as an automatic

process or as a result of reflective processes (intention or

choice) to engage in behaviour change. Once the analyses

were completed, the research team met to discuss results

and determine the final codes. The coding was cross-

checked by another researcher to ensure accuracy. Differ-

ences in responses between females and males were also

explored using NVIVO. The synthesis of the findings pre-

sents the general themes and supportive quotes from the

focus groups identified by P (participant) and FG (focus

group) number.

Results

Participants included men and women from a large urban

university, as well as those who worked full-time. In total,

39 young adults (10 men) participated in five focus

groups [mean (SD) 22.5 (1.8) years]. The majority were

female and completing tertiary education. Demographic

information is summarised in Table 2. The majority of

participants did not follow a specific health regime

(n = 28). Some diets that were mentioned by 11 partici-

pants included the 5 : 2 diet, monitoring calorie intake,

weight loss, limited dairy intake, gluten free, limited

sugar, vegetarian and pescetarian. The responses to the

pre- and post-focus group questionnaire are summarised

in Table 3. A majority of young adults were aware of

dairy as a good source of calcium and related the impor-

tance of calcium to bones, health or strength. The most

reported knowledge learnt from the focus groups com-

prised new sources of calcium or calcium content of

foods. A lack of time was also stated as the main barrier

to eating foods rich in calcium.

Enablers and barriers to eating sufficient calcium-rich

foods identified five themes from participant responses.

First, psychological capability was dependent on general

calcium knowledge; physical opportunity and automatic

motivation determined the enablers, whereas psychologi-

cal capability, physical capability and reflective motivation

described the barriers. Finally, social opportunity and

reflective motivation supported ways of improving cal-

cium intake, and social opportunity also highlighted the

influence of social media.

Capability

Psychological

When considering psychological capability, the majority

of the participants reported a lack of knowledge about

calcium. Four themes were identified, which included

bone health, physiological processes requiring calcium,

recommended intakes and food sources of calcium. A

majority of participants associated calcium with bone

health and strength. However, only some respondents

were able to identify the role of calcium in osteoporosis

and bone health.

‘Good for bone strength’ (female, P5 FG1)

‘Good for preventing osteoporosis’ (male, P21 FG3)

‘I think consumption of calcium in adolescence

determines your bone health later in life’ (female,

P27 FG4)

Some respondents were aware of the role of calcium

for their physiological processes with comments.

‘Essential in many cellular processes’ (female, P7

FG1)

‘Important for physiological function, such as cell

signalling’ (female, P10 FG2)

‘Essential for heart and blood supply system work’

(female, P17 FG3)

A few female participants demonstrated knowledge in

relation to menopause.

‘Women stop absorbing calcium at a certain age, it

slows down’ (female, P19 FG3)

‘During menopause, more leaches out of your

bones’ (female, P18 FG3)

Some participants could indicate the recommended cal-

cium intake in milligrams, yet they were unable to translate

this to food amounts. A few young adults openly admitted

not knowing the recommendations for their age group.

‘I don’t really know what the recommended is or

what you are meant to have’ (female, P19 FG3)

With regard to sources of calcium, most participants

identified milk and dairy products as the main source of

calcium. A smaller number identified leafy green vegeta-

bles and fish as a source of calcium. Meat was incorrectly

Table 2 Focus group participant demographic information (n = 39)

Characteristics Group (n = 39)

Age (years), mean (SD) 22.5 (1.8)

Gender, n

Male 10

Female 29

Highest level of education, n

Year 10 0

Year 12 5

Tertiary 31

Other 3
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Table 3 Summary of responses from pre and post questionnaire

Question Response

Pre-focus group questionnaire

Do you currently follow any specific diet or health regime that

influences your food choices For example, weight loss program,

paleo, vegetarian, vegan, sugar-free). If yes, please explain.

Yes (n = 11)

No (n = 28)

Do you have diagnosed lactose intolerance? Yes (n = 2)

No (n = 37)

Do you think calcium is an important nutrient to

include in your diet

Yes (n = 39)

No (n = 0)

If yes, why do you think calcium is important? ‘bone strength’ (n = 13)

‘bone density’ or ‘osteoporosis’ (n = 3)

‘cellular process’ or a physiological function (n = 6)

‘bones’ or ‘maintenance’ (n = 9)

‘bone health (n = 6)

‘bone development’ (n = 5)

‘teeth’ (n = 5)

Other (n = 4)

What types of food do you think are rich in calcium? ‘dairy’ (n = 13)

‘milk and cheese’ (n = 9)

‘milk, cheese and yoghurt’ (n = 10)

‘leafy greens’ or ‘some vegetables’ (n = 5)

‘almonds’ or ‘nuts’ (n = 3)

‘fish’ or ‘seafood’ (n = 5)

‘tofu’ (n = 2)

A specific vegetable (i.e. spinach, kale) (n = 2)

How important is eating healthily to you? Very important (n = 14)

Important (n = 19)

Somewhat important, but I have other priorities (n = 6)

Post-focus group questionnaire

Do you think you have gained any new information from this focus

group

Yes (n = 38)

No (n = 1)

If yes, please tell us what you have learnt. New sources of calcium or calcium content of foods (n = 27)

RDI or amount of calcium required (n = 13)

Statistics on inadequacy or deficiency (n = 5)

Importance of calcium (n = 5)

Realised not getting enough (n = 4)

Do you think today’s focus group has increased your motivation to

eat foods rich in calcium

Yes (n = 36)

No (n = 3)

From your personal experience, what makes it challenging for you

to eat foods rich in calcium Tick more than one option, if relevant.

I don’t have the time to plan what I eat (n = 21)

I don’t see calcium as being so important to include in my diet

(n = 10)

I don’t know where calcium-rich sources are found (n = 7)

I don’t think it’s worth the cost. I think calcium rich foods are costly

(n = 7)

Other (n = 15)

Nothing (n = 3)

What social media platform would you prefer to learn from? Facebook (n = 32)

Instagram (n = 21)

Twitter (n = 1)

Other (n = 8)
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identified as being high in calcium. Females provided a

broader range of sources of calcium, which included soy,

tofu and beans, compared to males. When prompted fur-

ther, the source of the knowledge was reported as general

learning, media such as television advertisements and the

influence of their parents.

‘I instantly think of dairy products like cheese,

yoghurt’ (female, P8 FG3)

‘I think some vegetables; I don’t know which ones

specifically’ (female, P13 FG2)

When asked about strategies that may improve intake,

respondents suggested that an intervention may be appro-

priate for raising awareness of other sources of calcium and

how much calcium they contained. Participants also raised

the desire for calcium requirements to be presented in a

form that is relatable to common foods and portion sizes.

‘I don’t know what 1000 mg looks like, I would pre-

fer saying like have a glass of week to get your

amount’ (female, P21 FG3)

Physical

The participants raised the issue of lactose intolerance and

recognised friends placed themselves on dairy-free diets with-

out seeking any medical advice. Some female participants said

dairy products made them feel ‘really full’ or ‘not too great’.

‘More of a craze to go dairy-free than have dairy’

(female, P5 FG1)

Opportunity

Physical

Cost and convenience were seen to be important motiva-

tors to consume dairy products. Participants indicated that

cost was important to them and the price of milk was an

important factor. Participants reported the relatively cheap

price of milk in Australia as their top reason for purchase.

‘I think dairy which is the main thing we think of is

pretty affordable, milk is very affordable’ (female,

P13 FG2)

Respondents appreciated the convenience of some dairy

products and reported enjoying this aspect.

‘It’s not time consuming to put milk on your cereal’

(male, P3 FG1)

‘It’s convenient to grab a tub of yoghurt to leave the

house or something’ (male, P8 FG1)

Although participants were unconcerned about the cost

of milk saying it was inexpensive, they viewed the waste

as a concern because containers were large and limited

shelf life. The main concern arose from size of the con-

tainer for milk or yoghurt; however, it was only by young

adults who lived out of home or cooked for themselves.

‘That’s money wasted if I don’t finish it’ (female, P9

FG2)

Some other sources of calcium were viewed as too

expensive, such as cheese, almonds and fish. Participants

also acknowledged the higher cost of lactose-free products

and stated it would be more difficult to reach calcium

recommendations for those with intolerance.

‘If you look at the lactose-free alternatives, I would

feel like they might be more expensive, if you were

lactose intolerance then it might be harder to meet

calcium goals’ (female, P18 FG3)

Social

Participants in our focus groups did not report any cur-

rent social opportunities in relation to their calcium

intake. However, respondents suggested the use of public

figures or celebrities and cross-platform campaigns to cre-

ate awareness of the need for calcium consumption.

Although respondents considered the latter to be an

appropriate medium to seek the attention of young adults

on social media, concerns were raised about the source

and credibility of the information and its appeal to young

adults. Subjects raised the issue of trust when it came to

social media as a result of the amount of information on

this platform. The participants reiterated the need for a

‘trustworthy source’ if information of calcium were to be

put onto social media. Participants were concerned about

the location and access of accurate information on social

media, as illustrated by the following quotes.

‘I think it’s difficult with social media, you are not

going to follow calcium or dietitian unless you are

already conscious about or aware of that, in order to

get a wide audience, something where people who

aren’t really thinking about it is your target, people

who aren’t exposed to it or conscious of it’ (female,

P18, FG3)

‘I auto tune some of it out because it is hard to

trust, I like The Conversation website, scholarly arti-

cles which are done in a more understandable way,

if this could be shared through avenues like Face-

book more often, something that I trust, sharing it

through trustworthy platforms’ (female, P4, FG1)

Furthermore, participants said that information would

have to be appearing in a catchy manner as they would

otherwise ‘just scroll past it’, as stated by a participant
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(male, P13 FG2). Participants suggested memes, funny

videos or fun quizzes about calcium consumption as

possible ways to obtain the attention of young adults

on social media. Some participants were able to recall

past media campaigns that heavily relied on celebrities,

such as the ‘Got Milk’ advertising campaign from the

USA. Respondents suggested ideas similar to ‘Milk

Moustache’ to gain appeal among young adults and

investing on social media ads. Creating a short sum-

mary of research articles was also raised as a method

to create awareness.

‘There used to be the “Got Milk” in America with

celebrities, maybe if you used Instagram or other

forms of social media with endorsements’ (female,

P18, FG3); ‘maybe put an ad before YouTube

videos, compulsory ads’ (P21, FG3)

‘Maybe Facebook ad, they pop up and can lead to

something else, maybe to calculate how much you

are eating’ (P19, FG3)

Motivation

Automatic

Taste was highlighted by participants as the top reason for

consuming calcium-containing products, particularly dairy

foods. Another stated that it was a good source of energy.

‘I have Greek yoghurt for breakfast because it’s deli-

cious and I know it’s good for me’ (female, P39

FG5)

‘I think, for me, the energy I get from it’ (female,

P26, FG4)

Participants indicated the family environment as having

an effect on their calcium intake and knowledge as a

result of their mothers positively influencing their dairy

consumption in childhood.

‘I think with calcium it was more my mum forcing

me to have milk, I still have it now’ (male, P30 FG4)

‘When I was little, my mum told me it would make

me grow’ (female, P25 FG4)

Cultural practices were referred as another reason for

consumption of milk. A few respondents stated that dairy

products were popular and traditional in their culture.

‘In our culture, it is just engrained to have a glass of

milk for strong healthy bones’ (male, P8 FG1)

‘I feel like it would be more habit or what you are

used to, I have always grown up drinking milk or

milk in the tea, difficult if you are on your own if

you aren’t thinking about for you to put calcium-

rich foods in your diet’ (female, P18, FG2)

Reflective

Although fat content was never raised by participants as a

barrier to consuming calcium-containing products, par-

ticipants voiced their opinions, once probed. Some partic-

ipants expressed concern about the fat content of cheese,

whereas many others had no concern about the fat con-

tent of dairy products at all.

‘I am conscious of eating it, knowing that cheese has

a higher amount of fat’ (male, P8 FG1)

Comments made on fat content were compared

between genders. Female participants were aware of the

fat content of dairy foods, compared to males. Although

some females stated their concerns, the majority of them

mentioned switching to low fat or skim milk and did not

appear to alter their overall intake of milk.

‘I don’t look at the fine print of the label, but if the

front says lite then I will buy that’ (female, P38 FG5)

‘When I am at home I drink lite milk, when I am

out I drink skim’ (female, P18 FG3)

Participants who reported themselves as being lactose

intolerant viewed their intolerance as a motivator to

monitor and be aware of their calcium intake. This view

was shared by both genders.

‘I make a conscious effort to eat more calcium, but

I can imagine that if you are not you wouldn’t care

that much about it’ (male, P22 FG3)

‘I am lactose intolerant; it is a concern for me’ (fe-

male, P13 FG2)

When asked for the reasons for low calcium intake,

most participants considered they were consuming suffi-

cient amounts already. A few females indicated having

other priorities or areas of concern (i.e. amount of veg-

etables, iron or protein).

‘As a woman, iron is a priority and everything else

is put to the side’ (female, P39 FG5)

‘I think I’m pretty healthy but I don’t think of how

much calcium I eat, I think more about how many

vegetables have I eaten today not how much calcium

have I consumed’ (female, P6 FG1)

‘I don’t focus on it, but I would be interested in

focusing on it, I concentrate more on protein’ (fe-

male, P26. FG4)

Participants highlighted not being able to see calcium

deficiency as an immediate threat and labelled it as a ‘fu-

ture self-problem’.

‘I have never gone out of my way to seek calcium; I

have thought about vegetables but I have never

thought to increase calcium’ (female, P25 FG4)
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Respondents did not consider calcium as something to

worry about if they were trying to be healthy. Calcium

intake was more associated with children and older adults

by participants.

‘The whole invincible age bracket where you are not

thinking about the future, it is “future me” problem’

(female, P18, FG3)

A participant suggested combining the message with an

immediate goal, such as protein intake.

‘Most dairy products are high in protein so for men,

who are usually more concerned with protein intake’

(female, P6, FG1)

Participants were asked to voice their opinions on

strategies that would be helpful to motivate young adults

to consume more calcium-rich foods. Respondents sug-

gested the use of Australian statistics to highlight the

problem of inadequacy.

‘Use 70% of females don’t get enough’ (female, P24,

FG3)

Participants were surprised once informed about the

levels of inadequacy in the young adult population and

suggested incorporating the statistics in an intervention.

‘Statistics give credibility, give the numbers and

science’ (male, P22 FG3)

‘I wasn’t aware of the statistics, having that on Face-

book would be quite effective’ (female, P37 FG5)

Both male and female participants suggested that edu-

cating young adults about the health benefits of calcium,

and the risks of not consuming enough was important to

acquire attention.

‘Highlighting the risks of calcium deficiency in our

age group, it is not very apparent’ (female, P10

FG2)

‘Maybe linking deficiency to a certain issue, unless

there is an evident issue then people won’t pay

attention’ (male, P16 FG2)

‘What could happen if we are not consuming cal-

cium in the long term, we are not facing any health

problems now, but calcium deficiency can affect us

in the long term’ (female, P24 FG3)

Participants suggested the importance of highlighting

calcium-rich foods to younger groups may help to

improve consumption in young adulthood. Subjects

recalled learning about excess fat or salt, as well as health

consequences such as heart disease, when children but

could not remember learning about calcium and its long-

term health benefits. Many participants indicated that

they would make more of an effort if they knew the con-

sequences of not consuming adequate calcium. This view

was shared by both genders.

‘If I knew the negatives then it would influence my

behaviour’ (female, P28 FG4)

‘We never really got taught about calcium, if you

have kids learning about calcium then by the time

they reach our age then they may think about it

more and focus on it more’ (female, P25 FG4)

‘Get the kids into the habit and they will continue

it’ (male, P29 FG4)

Participants suggested that cooking videos and recipe

demonstrations could be used for meal planning and

role-modelling.

‘I think meal planning so you know what ingredi-

ents you need, and be organised rather than being

last minute and getting fast food . . . it’s just having

that there as an example for people to look to, so

they don’t have to go out of their way to do more

research on it. It is easy for them, just scrolling

through to see something may be healthy’ (female,

P26, FG4)

‘Raise awareness about how much common foods

calcium foods have, a lot of them don’t have very

much calcium, people think they are getting enough

but they don’t eat enough of the foods that have

higher amounts of calcium, they are always under

but they don’t know about it’ (male, P30, FG4)

Discussion

Young adults have an apparent lack of knowledge about

the sources and amount of calcium-rich foods needed to

meet calcium requirements. They were largely unable to

identify any sources other than dairy, and were unsure

about the relationship between calcium intake and devel-

opment of osteoporosis. The perceived lack of susceptibil-

ity for young people was demotivating with respect to

consumption.

Our findings are generally in agreement with a similar

study reporting barriers and facilitators from adolescents

that included personal knowledge gap, misconceptions

related to benefits, taste, parental and peer influence, and

the availability and convenience of dairy products (36).

Although previous studies report a gap in young adults’

knowledge of high calcium foods (14,37), a majority of the

participants were able to identify the importance of cal-

cium for bone health, which is consistent with a Cana-

dian study (20) and an older study in young women (38).

Previous studies have identified that young adults
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perceive osteoporosis as an older woman’s disease (39,40).

Respondents were also less aware of the role of calcium

in preventing major chronic diseases, which has been

known to be a common issue across all age groups (41).

The written questionnaire responses participants com-

pleted after the focus group discussion implied that the

majority had learnt something new and some realised that

their intake was inadequate. Previous findings suggest

that a majority of women considered they had sufficient

calcium intake because they were unable to correctly

quantify the amount of calcium in foods (14,37). Our study

participants suggested that the calcium recommendations

be made more relatable by presenting requirements as

food servings (i.e. cups of milk or slices of cheese) as

opposed to presenting requirements in milligrams. These

attitudes can give rise to the belief that calcium intake

does not require concern and therefore they act as a bar-

rier to further intake of calcium-rich foods. Respondents

were unaware at which life-stage calcium consumption

was most important for the prevention of osteoporosis,

which is consistent with the Canadian study (20).

With regard to enablers to calcium intake, many indi-

cated a possible willingness to improve their intakes if

they had been made aware of the benefits of calcium with

respect to certain diseases in the short- and long-term or

national statistics concerning the proportion of young

adults not consuming adequate amounts. A knowledge of

recommended intakes, health benefits and critical times

to consume calcium was also previously identified as an

important enabler to calcium consumption (41,42). Previ-

ous studies have reported lower intakes in participants

who were unaware of the health benefits of a calcium-rich

diet (41), whereas those who were knowledgeable con-

sumed more calcium (42).

Most participants from our study indicated being time-

poor and reliant on easy to grab options. This is similar

to other findings where young adults reported purchasing

foods that require little preparation or cooking effort so

that they could spend their time on other activities (43,44).

Cost and convenience of foods were considered to be

highly important for this age group (45), particularly for

those living away from the parental home. Research in

this field suggests that young adults have a tendency to

purchase foods that provide them with the most value for

money (46) and they often choose the cheapest item (20).

By contrast to beliefs in Canada (20), dairy products such

as milk were seen as inexpensive in Australia, which

enabled consumption.

Although our participants did not report themselves to

be influenced by their real-life peers, they considered that

a social media aspect could increase awareness and the

intake of calcium. However, concerns were raised regard-

ing the credibility of information, the issue of trust and

the source of information, which is consistent with recent

findings (20,47). Our findings are similar to a recent focus

group where participants suggested social media as a pri-

mary intervention platform and considered it to be a

beneficial way of providing dietary advice (44). By con-

trast, the Canadian young adults perceived that social

media would be ineffective (20). The participants in our

study suggested new ways to convey information (i.e.

memes, funny videos and quizzes). Although the sugges-

tions made by participants are novel and age-appropriate,

there is little evidence of their effectiveness to date (48).

Given the newness of social media, further research is

needed in this area, particularly because social media is

very prevalent in the lives of young adults (49).

Taste was a major reason for eating calcium-rich foods

and is consistent with previous literature about food

choices (43,44,46). Some foods were unlikely to be consumed

(i.e. anchovies, sardines and tofu), even with education,

unless the taste perception could be improved with appeal-

ing recipes. Environment and culture was an important

enabler in the consumption of calcium-containing foods as

has been reported for other dietary components (19,50–53).

Participants recalled the emphasis on calcium and bones

put forward by their parents in childhood. As a result, they

were able to retain their consumption habits. Other studies

have reported on the positive role-modelling from family,

especially during adolescence (54,55). This idea is shared

across literature as parental modelling where the impor-

tance of habit formation is illustrated in early childhood

and, as a result, this continues throughout young adult-

hood (56). Focusing on young adults may have benefits to

the next generation of children.

In our focus groups, participants reported the con-

sumption of milk because of the perceived energy it pro-

vided, which was also noted by Marcinow et al. (20). We

did not find gastrointestinal symptoms or other negative

health impacts to be a problem in the present study.

However, earlier studies have reported such symptoms to

be a barrier to consumption (37), particularly for women

who report more negative feelings after dairy consump-

tion compared to men, with gastrointestinal disagreement

being one of the most common concerns (14). Fat was not

of concern and foods substituted with fat-free or low fat

milk varieties were seen as an alternate. However, this is

in contrast to other findings where women regarded the

fat and calorie content of milk as high and therefore

avoided consumption (14,57).

Despite participants indicating that knowledge would

be motivating, previous research has shown that knowl-

edge alone may be insufficient to elicit behaviour change
(58). It has been suggested that young adults must be

made aware of their calcium intake first to be able to

make a change with their intake (59). The participants in
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our study reported on early influences received from their

parents which resulted in them continuing their habits. It

was suggested that the consumption of other calcium-rich

foods should become a habit from childhood. This idea

has also been raised in previous literature where subjects

have proposed that education concerning calcium-rich

foods at school or by their parents could possibly enable

their consumption to become a habitual practice into

adulthood (20,43). A recent study highlighted key gaps

with respect to Nutrition and Food Sciences curriculum

in Australian schools, such that it is considered to be

insufficient and untranslatable for everyday practices (60).

Future interventions should create an environment where

both children and adolescents receive education about

calcium and its health-related outcomes. As suggested by

previous studies, culture and traditions play an important

role in shaping dietary practices, which cannot be over-

looked (61). The combination of positive parental influ-

ence and development of habits from early childhood are

likely to result in a positive impact and a continuation of

dietary habits in young adulthood.

Strengths and limitations

To our knowledge, this is the first study to report on

enablers and barriers to calcium intake in Australia. The

use of qualitative research is both an important strength

and a limitation of this explorative study. Qualitative

research allows us to understand not only the what, but

also the how and why, which is important when examining

at the beliefs and attitudes of young adults. Conversely,

limitations of the use of focus groups may be that individu-

als felt insecure about sharing their thoughts and opinions

or may have been pressured to conform their opinions to

the rest of the group (27). As with most studies, using a con-

venience sample of volunteers introduces self-selection

bias, despite attempts to broaden the scope of participants

who were recruited. Young adults are more likely to volun-

teer if they are health or nutrition conscious where females

are over-represented. Another limitation is that most par-

ticipants were enrolled in tertiary education. However,

56% of the Australian population have tertiary level qualifi-

cations: diploma, certificate or degree (62).

Conclusions and practical implications

The focus groups provided insight into perceived barriers

and enablers to the consumption of calcium-rich foods,

highlighting how capability, opportunity and motivation

can impact behaviours with respect to the consumption of

adequate dietary calcium in young adults. Although young

adults were aware of the main health benefits of calcium in

relation to bone health, a large gap in knowledge was

identified regarding nondairy sources, health benefits in pre-

venting disease, and recommended amounts. With regard to

opportunity, cost concerns were raised for cheese, with milk

being labelled as inexpensive and convenient. Young adults

identified taste, family and cultural practices as motivators

and also reflected on their reasons for low intake (i.e. having

other priorities or labelling it as a ‘future me’ problem). This

identifies the need for future nutrition interventions to

emphasise the self-assessment of current calcium intake as a

primary step towards reaching the recommended intake.

Our findings highlight the need to develop an intervention

providing information on social media from a credible

source. An age-specific intervention with a focus on educa-

tion could effectively provide young adults with knowledge

to support their behaviour change. Given the role of paren-

tal influence and habit formation in childhood, interven-

tions could also focus on promoting other forms of calcium

from a younger age, allowing consumption to continue

through to adulthood. The findings from the present study

will be used to inform the development of a social media

intervention for young adults. The intervention will focus

on emphasising the existing enablers to calcium-rich foods

and overcoming the barriers identified in our study.
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Abstract

Background: The present study aimed to examine how different meal and

snack patterns are associated with micronutrient intakes and diet quality

among a nationally representative sample of Greek children and adolescents

aged 1–19 years from the cross-sectional Hellenic National Nutrition and

Health Survey (n = 598).

Methods: Meal and snack patterns were derived using 24-h dietary recalls.

Mean adequacy ratio (MAR) was used as an overall measure of diet quality.

Multiple linear regression adjusted for covariates was conducted to examine

associations between eating patterns, nutrient intakes and MAR.

Results: Four most frequently reported eating schemes were identified

including breakfast (B), lunch (L), dinner (D) and two snacks (S) (20.9%);

B, L, D and 1S (16.2%); B, L, D and 3S (10.8%); and B, L and D (7.9%).

Based on these schemes, the daily consumption of all main meals from the

majority of the sample was highlighted. In children and adolescents aged 4–
19 years, increasing snack frequency was positively associated with intakes

of vitamin D, vitamin K, riboflavin, niacin, pantothenic acid, folate, magne-

sium, copper and selenium. An inverse association was recorded for vitamin

E, vitamin B6, calcium and iron. Among children aged 1–3 years, only nia-

cin and copper were significantly associated with number of snacks, with

the group of ‘B-L-D-2S’ presenting the highest intake. As for the overall diet

quality, among all participants, there was no significant association of MAR

with the type of meal and snack pattern, and thus the snack frequency.

Conclusions: Snacking behaviour is a common practice among children and

adolescents. Modifying current snack foods with nutrient-rich choices could

lead to an improvement of their diet’s nutritional quality.

Introduction

It is widely recognised that an optimal dietary intake of

micronutrients wards off deficiency-related diseases (1,2)

and contributes to the prevention of noncommunicable

chronic diseases (3,4). In general, children and adolescents

require adequate vitamin, mineral and trace element

intakes as a result of their high needs for growth and deve-

lopment (5). Furthermore, micronutrient intakes among
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children and adolescents are of particular interest because

it has been shown that eating behaviours are developed

early in life and tend to track into adulthood (6,7). Even

though these age groups represent a nutritional-bridge into

adulthood, many children and adolescents have suboptimal

micronutrient intakes (8–10), despite adequate food intake

in most cases (9). Other studies have demonstrated that

children acquired adequate micronutrients, although these

were from ultra-processed foods; however, healthy food

consumption was below the recommendation in these

specific populations (11,12).

Evidence suggests that research should move beyond

specific foods and concentrate on eating patterns, includ-

ing the frequency of eating occasions (EO) (13), to

account for diet heterogeneity and nutrient interactions.

More specifically, although several epidemiological studies

conducted among young populations have related

micronutrient intake with the amount and types of foods

that children and adolescents consume (9,14,15), humans

acquire these micronutrients via the consumption of a

variety of foods within meals and snacks; they do not eat

such nutrients in isolation (16,17). Understanding the

nutritional composition of meals and snacks, the total

EOs, irrespective of the time these have been consumed,

and the way such different meal and snack patterns affect

diet quality may be more informative, leading to the

notion of EOs. Indeed, developed dietary guidelines based

on already established meal and snack patterns can more

easily be adapted by the public as opposed to those

regarding the number of different nutrients (18,19).

Research examining the associations of meal and snack

patterns with micronutrient intake is limited. Specifically,

micronutrient intake, in association with meal and snack

frequency, as well as total EOs, have yielded conflicting

results in adults (17). Some studies reported that the type of

meals, as well as the total number of snacks consumed

daily, is an important determinant of nutrient intake and

diet quality (20,21), whereas others found that the frequency

of meals, but not snack consumption, is beneficial in meet-

ing nutrient needs (22,23). To our knowledge, these relation-

ships have not been investigated thoroughly in younger

populations to date. One study assessed meal patterns of

adolescents and nutrient adequacy (24), whereas there are

few other studies mainly focusing on associations between

breakfast consumption and diet quality (25–27). A better

understanding of the relationship between EOs and meal

and snack patterns with micronutrient intake is necessary,

especially in the young population, because intervening

early in childhood and adolescence could improve health

indicators in the long-term (6,28).

In this context, the present study used data from the

Hellenic National Nutrition and Health Survey (HNNHS)

to examine the relationship between the frequency of all

EOs and specific meal and snack patterns with energy-

adjusted nutrient intakes and overall diet quality among a

representative sample of Greek children and adolescents

aged 1–19 years.

Materials and methods

Study design and sample

HNNHS was a population-based, nationally representative,

cross-sectional survey conducted in Greece between

September 2013 and July 2015 and the target population

consisted of younger people who were living in the country

and aged ≥6 months. Recruitment of pregnant and lacta-

ting women was not allowed, nor was the inclusion of indi-

viduals (i) who were not able to speak the national

language; (ii) who were residing in institutions (e.g. nurs-

ing homes, prisons); and (iii) who were not able to provide

informed consent for any reason (e.g. mental impairment).

The HNNHS 2013–2015 sample selection employed a strat-

ification scheme based on the 2011 census data. Stratifica-

tion was made according to geographical density by

country periphery, as well as by age group and sex distribu-

tion. Data collection included an in-person interview using

the computer assisted personal interview (CAPI) method,

which was administrated by trained interviewers at the par-

ticipant’s residence, and a health examination appointment

in the HNNHS mobile examination units performed by

medical doctors and trained dietitians (approximately one-

third of the respondents). Of the 4574 respondents, 842

children and adolescents aged 1–19 years participated in

the survey. HNNHS was approved by the Ethics Commit-

tee of the Department of Food Science and Human Nutri-

tion of the Agricultural University of Athens, and by

Hellenic Data Protection Authority. All participants or

their proxies gave their written informed consent for inclu-

sion. More information about the study is provided

elsewhere (29).

Recalls with extreme energy intakes [>6000 kcal day–1

(>251 MJ day–1)] were excluded from this analysis

(n = 10) and, subsequently, the plausibility of energy

intakes for the remaining recalls of 841 children and ado-

lescents was assessed by use of the Goldberg cut-off

method updated by Black (30) in accordance with the

ratio of energy intake : basic metabolic rate (EI : BMR).

In particular, EI was the average value of energy intakes

for each 24-h recall, and BMR was estimated using Scho-

field’s age- and sex-specific equations (31), taking into

account body weight and height (when the latter was

reported). After the exclusion of misreporters (over-

reporters = 55; under-reporters = 209), the final size of

the sample was reduced to 577 children and adolescents.

Of those 577, 141 participants provided one recall day

and 436 participants provided two recall days. Thus, 1013
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available recall days from 577 unique participants were

used for the study analyses.

Dietary assessment

Detailed information on dietary intake from 2 nonconsecu-

tive days covering both weekdays and weekends was col-

lected by trained interviewers using a computerised 24-h

recall, which was designed based on the validated United

States Department of Agriculture Automated Multiple-Pass

Method (AMPM) (32). The first 24-h recall was collected in

person at the time of the interview at the participant’s

house and the second recall was collected 8–20 days later

by telephone. Proxy responders (most commonly a parent)

were used to collect dietary intake for children aged 1–
11 years and, for children aged >11 years, the 24-h recall

was self-reported. Portion size was mainly estimated by

appropriate by age food atlases participants (33,34) and by

standardised household measurements (e.g. glasses, cups)

to ensure quality.

Respondents were asked to indicate the type of each

EO and the time when that EO was consumed. The name

of each EO was self-reported from a predefined list of

possible labels, which included breakfast, lunch, dinner,

any type of snack, specifically morning snack and/or

afternoon snack, beverage, alcohol, extended consump-

tion, other and do not know. Values for energy and

nutrients were calculated using the Nutrition Data System

for Research (NDSR) (developed by the University of

Minnesota) and the Composition Tables of Foods and

Greek Dishes (35).

Eating patterns

Proxies’ and participants reported data from the 24-h

recalls were used to calculate the total number of EOs

per day and to identify meal and snack patterns. For

the present analysis, an EO was defined as ‘any distinct

occasion during which a food and/or beverage was con-

sumed that contained a minimum energy content of

50 kcal (2.1 MJ)’ and was separated in time from the

preceding and succeeding EO by >15 min (22). All EOs

not reported as breakfast (B), lunch (L) or dinner (D)

were classified as snacks (S). Based on the aims of the

present study, the number of snacks consumed per day,

and not timing, were addressed. In total, 83 different

meal and snack patterns were identified; however,

four of these explained 55.8% of the population (B-L-D;

B-L-D-1S; B-L-D-2S; and B-L-D-3S) based on the sam-

ple distribution. The rest of meal and snack patterns

were classified as ‘Other’. The daily frequency of all

EOs, based on the sample distribution, was subsequently

calculated and respondents were divided into four

categories (1–3, 4, 5 and ≥6).

Nutrients

Mean total dietary intakes of 20 micronutrients were cal-

culated for each available recall day. The residual method

was used to adjust all nutrient intakes for total energy, by

regressing nutrient intakes on self-reported total energy

intake derived from the 24-h recall (36). For the analysis,

the data were primarily broken into 1–3 and 4–8, 9–13
and 14–18 and then 19. Micronutrient intake of children

and adolescents were compared with the specific recom-

mendations for their age group, according to Institute of

Medicine (IOM) (37). As a result of the small sample size,

per age group (IOM categories), these were secondarily

grouped together in the tables.

Diet quality

Mean adequacy ratio (MAR) was calculated as an overall

measure of nutrient adequacy of the different meal and

snack patterns (38). Recommended Daily Allowance and

Adequacy Intake (when the formers were not available)

cut-offs, as proposed by the ΙΟΜ, were used to compute

for the nutrient adequacy ratio (NAR). NAR was trun-

cated at 100% so that a nutrient with a high NAR could

not compensate for inadequate intake of other nutrient.

The MAR was calculated by averaging the NAR for the

20 examined micronutrients.

Confounding variables

Demographic information collected from the respective

HNNHS questionnaires included age, sex and ethnicity.

Family income was not assessed as a result of a high per-

centage of missing data (20.6%). Age was categorised as

1–3, 4–8, 9–13, 14–18 and 19 years, which is consistent

with the categories used in the IOM nutrient reference

values (37). Ethnicity of children and adolescents was cate-

gorised into nationals and non-nationals (residents in

Greece who can speak the Greek language or who had

someone to translate).

Because of the low attendance of children and adoles-

cents in the HNNHS mobile examination units where

body weight and height were measured using standard-

ised procedures, self-reported weight and height in the

CAPI interview were used to calculate body mass index

(BMI) (weight/height squared; kg m�2). Participants’

classification according to their BMI level as normal, over-

weight or obese was based on the International Obesity Task

Force age- and sex-specific BMI cut-offs points (39).

Screen-related sedentary behaviour in the last week was

assessed for ages 4–19 years by use of questions from the

HNNHS questionnaires regarding physical activity and it

was defined as the time spent watching television, using a

computer or playing with electronic devices. The average
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daily time (min day�1) was calculated and participants

were divided into two categories: ≥2 h per day and <2 h

per day in accordance with the recommendations of the

American Pediatric Association (40).

Statistical analysis

Statistical analyses were performed using STATA, version

13.1 (StataCorp, College Station, TX, USA) and data were

stratified by age into two groups (1–3 and 4–19 years) to

account for the non-existence of information on seden-

tary behaviour of young children aged 1–3 years. After

checking the distribution of the micronutrient intakes,

these were found to be highly skewed; hence, they were

log-transformed to approach normality. All nutrients

were energy adjusted prior to analysis.

Bivariate analysis (Pearson’s chi-squared test) was per-

formed to assess categorical variable associations

(P < 0.05). Multiple linear regression analyses were

implemented to test for associations between eating pat-

terns (daily eating frequency and meal and snack pattern

groups) and energy-adjusted nutrients. A series of models

was applied with each energy-adjusted nutrient intake

being the dependent variable and the daily eating fre-

quency group as the independent variable, after adjusting

for confounding variables (P < 0.05). An identical series

of models was applied with each meal and snack pattern

group as the independent variable. All models were tested

for multicollinearity issues, using variance inflation factor.

Mean energy-adjusted nutrient intakes were reported

after back-transforming (i.e. exponentiating) the log-

transformed data. Also, additional adjustment for the

confounding variables was made for the calculation of

mean nutrient intakes. Analysis of variance (ANOVA) add-

ing Bonferroni adjustment for pairwise multiple compar-

isons was performed to determine significant differences

in nutrients and diet quality between groups with respect

to daily eating frequency and meal and snack patterns.

Those differences between groups of meal and snack pat-

terns were considered significant if P < 0.01 for the ANOVA

(0.05/5 categories), whereas differences between groups of

eating frequency were considered significant if P < 0.0125

for the ANOVA (0.05/4 categories). Wald’s test was used to

test the overall significance of EO frequency and of meal

and snack pattern variables (P < 0.05).

Additional analyses were performed to compute the con-

tribution of the food groups to energy intake of snacks by

the prevailing categories of meal and snack patterns. Foods

and beverages were classified in 38 food groups (as listed in

the Supporting information, Table S1) based on nutrient

composition and culinary use. The percentage contribution

of each food group to energy intake of snacks was calcu-

lated by dividing the sum of energy from the specific food

group by the total energy intake of snacks and then multi-

plying this number by 100.

Results

Tables 1 and 2 show socio-demographic and lifestyle

characteristics by categories of meal and snack patterns,

as well as daily eating frequency (stratified by age),

respectively. The prevailing meal and snack pattern of the

total population (12.8% of children aged 1–3 years and

22.5% of children and adolescents aged over 3 years) was

B-L-D-2S. The majority of participants aged 1–3 years

reported consuming ≥6 EOs per day, whereas the major-

ity of older children reported five dailies EOs. In older

children, sedentary life (P = 0.005) and age group

(P < 0.001) played a significant role on meal and snack

pattern, whereas EO frequency was related to only sex

(P = 0.008) and age group (P = 0.001).

Tables 3 and 4 refer to multivariate-adjusted micronu-

trient intakes for categories of meal and snack patterns

and daily EO frequency. For participants aged 1–3 years,

there was no consistent pattern (increase or decrease) for

the mean micronutrient intakes between type of eating

pattern and frequency of EOs. Overall, differences in

nutrient intakes between eating patterns and frequency of

EOs were insignificant (using Bonferroni correction),

except for copper. A significant positive difference of its

intake was identified between categories ‘B-L-D-1S’ and

‘B-L-D-3S’. Regarding participants aged 4–19 years, con-

suming ‘B-L-D-3S’ and eating more than six times a day

resulted in the reporting of the highest mean intake for

many micronutrients. Mean intake differences between

meal patterns and EO frequencies were identified and

considered significant (P < 0.01 and P < 0.0125, respec-

tively) for 60% and 75% of micronutrients, respectively.

Tables 5 and 6 present the results from the multiple

linear regression, after adjusting for confounders. Overall,

among the young children, no significant differences were

found between energy-adjusted micronutrient intake and

meal patterns or frequency of EOs. Significant associa-

tions were found between meal and snack patterns with

niacin and copper intake (P = 0.03 and P = 0.001 respec-

tively) and between EO frequency and copper intake

(P = 0.024). Regarding older children and adolescents

aged 4–19 years, eating three main meals and three

snacks and having ≥6 EOs daily was positively associated

with intakes of nine micronutrients (vitamin D, vitamin

K, riboflavin, niacin, pantothenic acid, folate, magnesium,

copper and selenium). A higher frequency of EOs was

also associated with higher intakes of vitamin A, vitamin

B12, calcium and potassium.

Figure 1 shows the mean adequacy ratio for adjusted

micronutrient intakes by categories of meal and snack
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patterns and sex. Based on the findings, differences for

MAR between meal patterns in the age and sex groups

were not considered significant for participants aged 1–
3 years and 4–19 years (P > 0.01). For participants aged

1–3 years, the MAR for ‘B-L-D-2S’ was higher in males

than females (94.7% versus 89.1%, respectively). The for-

mer value was the highest MAR calculated. Also, males

had a higher MAR when reporting a ‘B-L-D’ and a

‘B-L-D-3S’ meal pattern than females (94.6% and 94.6%

versus 60.2% and 90.1%, respectively). By contrast,

females had a higher MAR for ‘B-L-D-1S’ and ‘Other’

than males (93.8% and 94.3% versus 82.7% and 93.3%,

respectively). Meanwhile, for participants aged 4–19 years,

the MAR for ‘B-L-D-3S’ was higher in males (and the

highest value of this age group) than in females (88.6%

versus 86.7%, respectively). Females had a higher MAR

than males only for the ‘B-L-D’ meal pattern category

(82.9% versus 80.6%, respectively). For the remainder of

the eating pattern categories, the MAR for males ranged

from 82.1% to 87.7%, whereas the MAR for females ran-

ged from 81.5% to 87.2%.

Figures 2 and 3 illustrate the five predominant food

groups that contributed to the energy intake from snacks

by categories of meal and snack patterns and age group.

Regarding young children aged 1–3 years, ‘Fruits’ con-

tributed most to the energy in the ‘B-L-D-1S’ scheme

(30.5%), followed by ‘Eggs’ (8.7%) and ‘Desserts and

Sweets’ (8.6%). As the snack frequency increased, a

reduction in the consumption of ‘Fruits’ was recorded.

Among those who reported the ‘B-L-D-2S’ scheme,

‘Fruits’, ‘Processed cereals’ and ‘Desserts and Sweets’ were

the most-energy providing foods. In the ‘B-L-D-3S’ cate-

gory ‘Fruits’, ‘Desserts and Sweets’ and ‘Processed cereals’

were the top three reported foods and beverages among

young children, whereas, in the ‘Other’ category, ‘Milk’

replaced ‘Processed cereals’ and occupied the second

place.

Across all meal and snack patterns, the two most

popular snacking food groups in Greek children and

adolescents aged 4–19 years were ‘Desserts and Sweets’

and ‘Baked Products’. The highest contribution of ‘Des-

serts and Sweets’ and ‘Baked products’ was observed for

the participants belonging to the ‘B-L-D-1S’ category

(19% and 18.4%, respectively). ‘Fast-food’ was the third

most commonly consumed snack food among partici-

pants aged 4–19 years reporting the ‘B-L-D-3S’ and the

‘Other’ schemes. The ranking of ‘Fruits’ in the top five

food groups ranged from third to fifth place and the

highest contribution to energy intake was reported in

the ‘B-L-D-1S’ scheme (12.1%). ‘Salty snacks’ and ‘Pro-

cessed cereals’ also topped the list in certain meal and

snack patterns.

Table 1 Demographic and lifestyle characteristics of Greek children and adolescents by type of meal and snack pattern: Hellenic National

Nutrition and Health Survey

1–3 years 4–19 years

B-L-D B-L-D-1S B-L-D-2S B-L-D-3S Other P* B-L-D B-L-D-1S B-L-D-2S B-L-D-3S Other P

Population (%) 6.7 10.4 12.8 10.4 59.7 – 8.1 17.3 22.5 10.9 41.2 –

Sex

Female 4 10 10 9 50 0.83 38 72 88 39 189 0.18

Male 7 7 11 8 48 31 75 103 53 161

Age group

4–8 years – – – – – – 18 42 73 50 138 <0.001

9–13 years – – – – – 21 43 64 19 72

14–18 years – – – – – 24 47 38 19 100

19 years – – – – – 6 15 16 4 40

Ethnicity

Nationals 11 17 21 16 97 0.45 63 136 185 91 335 0.06

Non nationals 0 0 0 1 1 6 11 6 1 15

Body mass index levels

Normal 7 15 20 15 84 0.24 59 113 137 75 271 0.36

Overweight 4 2 1 2 10 9 25 43 13 57

Obesity 0 0 0 0 4 1 9 11 4 22

Sedentary life

≥2 h – – – – – – 57 118 145 75 233 0.005

<2 h – – – – – 12 29 45 17 108

Values are n, unless indicated.

*Significant differences assessed using Pearson chi-squared test; P < 0.05 was considered statistically significant.

B, breakfast; L, lunch; D, dinner; S, snacks.
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Discussion

The present study provides a new insight for Greek chil-

dren and adolescents eating patterns suggesting that

specific meal and snack patterns are associated with cer-

tain micronutrient intakes. To our knowledge, this is the

first study among young people to evaluate the relation-

ship between meal and snack patterns (beyond simple EO

frequency) and dietary intake.

Next to identifying the most commonly reported

schemes (B-L-D; B-L-D-1S; B-L-D-2S; and B-L-D-3S), it

was also shown that the daily eating of all three main meals

(breakfast, lunch and dinner) was reported in the majority

of the recalled days (55.8% of the total sample). It is widely

acknowledged that a regular consumption of meals in the

day is associated with healthier food choices and higher

nutrient density (41), with the most consistent finding being

an inverse relationship of skipping breakfast and a lower

intake of many nutrients (17). Ovaskainen et al. (42) also

concluded that a meal-dominating pattern (defined as the

majority of daily energy intake derived from meals rather

than snacks) was characterised by a higher intake of

micronutrients (vitamins A, C, E, K, calcium, iron and

magnesium), as opposed to a snack-dominating pattern.

In the present study, the overall number of snacking

episodes was the feature that differentiated the four dis-

tinct eating schemes that were examined (0–3 snacks per

day); hence snacking frequency was the key feature when

evaluating the association of eating patterns with daily

nutrient intakes. After adjustment for the potential con-

founders, the findings of the present study suggest that

snacking frequency among young children aged 1–3 years

was not significantly related to micronutrient intakes,

except for niacin and copper. By contrast, in children and

adolescents aged 4–19 years, as the snacking level

increased, the intake of some nutrients increased too.

Micronutrients positively and significantly affected by

each additional snack episode were vitamin D, vitamin K,

niacin, riboflavin, pantothenic acid, folate, magnesium,

copper and selenium. Additionally, an inverse association

between a higher snack frequency and intakes of vitamin

A, vitamin E, vitamin B6, phosphorus and iron was

reported. Our findings are not precisely consistent with

those from previous studies that have examined the asso-

ciation between the number of snacks per day with nutri-

ent intakes. For example, in a study conducted among US

adolescents by Sebastian et al. (43), a higher snack fre-

quency was associated with higher mean daily intakes of

vitamin C in both sexes, and of vitamin A, vitamin E and

magnesium among boys. Intakes of vitamin B6, folate,

calcium, iron and phosphorus were not influenced by

more snacking. Conversely, in another study conducted

with US adults, positive associations between overall

snacking episodes and intakes of vitamin C, magnesium,

Table 2 Demographic and lifestyle characteristics of Greek children and adolescents by daily eating occasion frequency: Hellenic National

Nutrition and Health Survey

1–3 years 4–19 years

1–3 times 4 times 5 times ≥6 times P* 1–3 times 4 times 5 times ≥6 times P

Population (%) 15.9 23.8 21.3 39 – 16.3 26.1 32 25.6 –

Sex

Female 9 19 18 37 0.26 86 115 123 102 0.008

Male 17 20 17 27 52 107 149 115

Age group

4–8 years – – – – – 34 42 2 243 0.001

9–13 years – – – – 34 43 0 142

14–18 years – – – – 46 47 3 132

19 years – – – – 18 15 0 48

Nationality

Nationals 26 39 35 62 0.37 128 208 263 211 0.09

Non nationals 0 0 0 2 10 14 9 6

Body mass index levels

Normal 19 34 31 57 0.34 115 171 199 170 0.15

Overweight 5 4 3 7 20 39 57 31

Obesity 2 1 1 0 3 12 16 16

Sedentary life

≥2 h – – – – – 100 167 203 164 0.36

<2 h – – – – 38 55 69 53

Values are n, unless indicated.

*Significant differences assessed using Pearson chi-squared test; P < 0.05 was considered statistically significant.

B, breakfast; L, lunch; D, dinner; S, snacks.
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Table 3 Multivariate-adjusted mean nutrient intakes of Greek children and adolescents by type of meal and snack pattern: Hellenic National

Nutrition and Health Survey

1–3 years 4–19 years

B-L-D B-L-D-1S B-L-D-2S B-L-D-3S Other B-L-D B-L-D-1S B-L-D-2S B-L-D-3S Other

Vitamin A (mcg day�1) 713 479 497 489 533 574a 469 572b 566c 437a, b, c

Vitamin D (mcg day�1) 8.3 5.9 7.9 8.3 6.8 4.1 3.7 4.6a 4.6 3.5a

Vitamin E (mg day�1) 5.8 7.6 5.5 5.1 5.5 8.1 7.1 8.1 7.7 6.8

Vitamin K (lg day�1) 16.3 15.5 21.3 21.8 20.0 16.6a, b, c 19.4d, e, f 28.1a, d 28.1b, e 25.4c, f

Vitamin C (mg day�1) 65.3 42.1 57.8 84.9 51.5 46.8 56.1 58.3 59.6 47.8

Thiamin (mg day�1) 1.6 1.5 1.6 1.7 1.6 1.8 1.7 1.8 1.8 1.7

Riboflavin (mg day�1) 2.6 1.9 2.1 2.1 2.2 2.1a 1.8a, b, c 2.2b, d 2.2c, e 1.9d, e

Niacin (mg day�1) 8.8 7.8 16.3 15.7 12.8 16.5 14.4a, b 18.4a 19.3b 16.8

Pantothenic acid (mg day�1) 3.9 4.0 4.9 4.5 4.3 3.1 3.2 3.6 3.9 3.4

Vitamin B6 (mg day�1) 1.7 1.7 1.4 1.7 1.7 2.1a, b 1.7b 2.0c 1.8 1.6a, c

Folate (lg day�1) 215 183 293 285 224 248a 253b.c 312b 341a, c 275

Vitamin B12 (lg day�1) 3.6 2.7 4.2 4.4 3.8 3.4 2.7a 3.7a, b 3.5 2.9b

Calcium (g day�1 1.45 1.12 1.20 1.12 1.09 1.03 0.894a 1.01a 1.01 0.956

Phosphorus (g day�1) 1.47 1.23 1.30 1.23 1.28 1.3 1.16 1.24 1.23 1.21

Magnesium (mg day�1) 287 277 234 248 236 249 237a, b 270a 272b 258

Iron (mg day�1) 13.9 12.1 13.5 13.6 11.8 15.7a 13.9 15.2b 14.8 12.9a, b

Zinc (mg day�1) 10.6 8.7 10.6 9.5 10.0 10.8 9.2 9.9 10.3 9.6

Copper (mg day�1) 0.7a 0.7b, c 0.6a, b 1.0c 0.8 0.7a, b, c 0.8d, e, f 0.9a, d 0.9b, e 0.9c, f

Selenium (lg day�1) 65.8 67.9 94.3 77.8 75.5 65 72.6 82.4 86.7 78.3

Potassium (g day�1) 2.56 2.52 2.29 2.39 2.42 2.35 2.25 2.43 2.45 2.25

Values are weighted geometric means. Following the analysis of variance, Bonferroni correction was used for pairwise multiple comparisons

between categories of meal and snack pattern. The same superscript lowercase letters indicate significant differences between types of patterns.

Table 4 Multivariate-adjusted mean nutrient intakes of Greek children and adolescents by daily eating occasion frequency: Hellenic National

Nutrition and Health Survey

1–3 years 4–19 years

1–3 times 4 times 5 times ≥6 times 1–3 times 4 times 5 times ≥6 times

Vitamin A (lg day�1) 484 543 511 547 477 443a 514 553a

Vitamin D (lg day�1) 5.0 6.5 7.9 8.1 3.1a, b 3.3c, d 4.4a, c 4.8b, d

Vitamin E (mg day�1) 6.0 5.8 5.7 5.5 7.4 7.0 7.7 6.9

Vitamin K (lg day�1) 23.3 16.5 18.8 20.7 19.6a, b 19.8c, d 26.1a, c 29.8b, d

Vitamin C (mg day�1) 34.1 46.2 56.9 71.7 43.2 49.0 54.3 55.1

Thiamin (mg day�1) 1.5 1.7 1.5 1.6 1.7 1.7 1.7 1.7

Riboflavin (mg day�1) 2.2 2.2 2.1 2.2 1.9a 1.8b, c 2.1b 2.2a, c

Niacin (mg day�1) 12.1 11.4 13.7 12.8 15.9 14.8a 17.4 18.7a

Pantothenic acid (mg day�1) 3.7 4.3 4.5 4.5 2.9a, b 3.2c 3.5a, d 4.1b, c, d

Vitamin B6 (mg day�1) 1.6 1.8 1.5 1.6 1.8 1.7 1.8 1.7

Folate (lg day�1) 217 228 232 242 240a 246b 287 322a, b

Vitamin B12 (lg day�1) 3.0 3.8 3.9 4.0 2.7a 2.7b, c 3.5b 3.7a, c

Calcium (g day�1) 1.02 1.05 1.19 1.19 0.982 0.888a, b 1.02a 1.07b

Phosphorus (g day�1) 1.31 1.22 1.32 1.29 1.24a 1.16a, b, c 1.24b 1.26c

Magnesium (mg day�1) 243 235 233 243 246a 240b, c 267b 273a, c

Iron (mg day�1) 13.3 13.0 11.8 11.8 13.9 13.3 14.4 14.1

Zinc (mg day�1) 11.0 9.3 10.2 9.8 10.6a 9.3a 9.9 10.1

Copper (mg day�1) 0.7 0.7 0.9 0.8 0.7a, b 0.8c 0.9a 1.0b, c

Selenium (lg day�1) 74.5 71.6 85.9 75.4 63.2a, b 74.1c 80.3a 88.7b, c

Potassium (g day�1) 2.15 2.46 2.40 2.52 2.11a, b 2.18 2.37a 2.42b

Values are weighted geometric means. Following the analysis of variance, Bonferroni correction was used for pairwise multiple comparisons

between categories of meal and snack pattern. The same superscript lowercase letters indicate significant differences between categories of eat-

ing occasion frequency.
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folate, calcium, iron and potassium have been reported
(20). Furthermore, in a recent research of Australian

adults, findings suggested that the frequency of meals, but

not of snacks, was positively associated with the intake of

the four micronutrients that were also examined in the

present study (22). Specifically, snack frequency was

related to substantially higher intakes of calcium only.

The conflicting findings for snack frequency across

studies may partly be explained by the lack of consistency

in the definitions used concerning what constitutes a

meal and a snack (17). The main approaches to label EOs

comprise: participant-identified, time-of-day, types and/or

amount of food consumed, and interviewer assessment
(17). The present study relied on participants to label their

EO; however, different perceptions within and between

populations of what meals and snacks constitute could

explain the inconsistent findings (20). Before the effects of

eating patterns (frequency of meals, snacks and overall

EOs) on health outcomes can be fully explained, a uni-

versally accepted definition of meal and snack is crucial
(17). Furthermore, comparison of the HNNHS results and

the findings of the aforementioned studies may be diffi-

cult because of the differences in the ages of study partici-

pants. Food and beverage choices made by adults during

snacking episodes (and therefore their nutritional value)

are different for younger people. Finally, a recent study

compared the foods consumed by children during snack-

ing between Australia, China, Mexico and the USA, and

it was concluded that food items at snacks may differ by

country (44). In agreement with the above mentioned

study, the contributions of fruits, dairy products, bread,

sweetened beverages and fatty-sweet products to energy

intake for overall snacking were different in French adults

compared to US and Finish adults (45).

Snacking incidence for all age groups has increased

over the last years in Western countries (45) and the pre-

sent study confirms that this behaviour is also a common

practice among Greek children and adolescents; indeed,

47.9% of the total sample population reported an eating

scheme that consisted of the main meals and at least one

snack. After assessing the overall diet quality with the use

of MAR, there was no significant association of MAR

with the examined eating schemes, and thus the number

of snack episodes. Our findings suggest that snack choices

made by children and adolescents can be improved.

Despite differences in the prevalence of snacking, there

was a common feature in the foods and beverages con-

sumed as a snacking event. The main sources of snacking

Table 5 Associations between energy-adjusted log-transformed micronutrient intakes and type of meal and snack pattern among Greek children

and adolescents: Hellenic National Nutrition and Health Survey

1–3 years 4–19 years

B-L-D-1S B-L-D-2S B-L-D-3S Other P B-L-D-1S B-L-D-2S B-L-D-3S Other P

Vitamin A (lg day�1) �0.397 �0.361 �0.377 �0.292 0.45 �0.202 �0.003 �0.014 �0.271 <0.001

Vitamin D (lg day�1) �0.335 �0.048 �0.003 �0.193 0.72 �0.101 0.113 0.122 �0.157 0.01

Vitamin E (mg day�1) 0.263 �0.049 �0.128 �0.053 0.21 �0.132 �0.008 �0.059 �0.183 0.007

Vitamin K (lg day�1) �0.048 0.270 0.293 0.210 0.76 0.158 0.527 0.527 0.425 <0.001

Vitamin C (mg day�1) �0.439 �0.123 0.262 �0.238 0.66 0.181 0.220 0.242 0.022 0.25

Thiamin (mg day�1) �0.037 0.055 0.097 0.003 0.84 �0.064 �0.033 �0.014 �0.093 0.18

Riboflavin (mg day�1) �0.279 �0.173 �0.178 �0.164 0.34 �0.150 0.004 0.012 �0.113 <0.001

Niacin (mg day�1) �0.118 0.613 0.578 0.373 0.03 �0.139 0.109 0.158 0.015 0.02

Pantothenic acid (mg day�1) 0.022 0.227 0.138 0.092 0.51 0.014 0.156 0.232 0.099 0.006

Vitamin B6 (mg day�1) 0.001 �0.202 �0.024 �0.050 0.62 �0.213 �0.054 �0.129 �0.251 <0.001

Folate (lg day�1) �0.164 0.309 0.282 0.042 0.12 0.021 0.230 0.321 0.106 0.004

Vitamin B12 (lg day�1) �0.290 0.174 0.211 0.071 0.41 �0.224 0.081 0.024 �0.162 0.02

Calcium (mg day�1) �0.257 �0.189 �0.260 �0.287 0.44 �0.147 �0.015 �0.015 �0.069 0.05

Phosphorus (mg day�1) �0.180 �0.124 �0.178 �0.134 0.50 �0.113 �0.049 �0.056 �0.069 0.04

Magnesium (mg day�1) �0.238 �0.206 �0.146 �0.198 0.13 �0.047 0.081 0.088 0.037 0.004

Iron (mg day�1) �0.139 �0.034 �0.025 �0.169 0.71 �0.119 �0.030 �0.054 �0.192 0.004

Zinc (mg day�1) �0.195 0.002 �0.107 �0.053 0.52 �0.154 �0.083 �0.040 �0.111 0.07

Copper (mg day�1) �0.081 0.394 0.374 0.191 0.001 0.142 0.316 0.365 0.269 <0.001

Selenium (lg day�1) �0.305 �0.001 �0.120 �0.246 0.11 0.110 0.237 0.287 0.186 0.04

Potassium (mg day�1) �0.017 �0.113 �0.068 �0.058 0.89 �0.042 0.032 0.041 �0.045 0.17

Values are b coefficients from multiple linear regression models. Dependent variables are energy-adjusted log-transformed micronutrient intakes;

the independent variable is meal and snack pattern, adjusted for confounders. Wald’s test was used to examine the significance (P < 0.05) of type

of patterns on log-micronutrient intakes. Reference category is ‘B-L-D’.

B, breakfast; L, lunch; D, dinner; S, snacks.
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energy in the population were ‘Desserts and Sweets’ and

‘Baked Products’. ‘Fruits’ was the most reported item in

younger children who consumed one or two snacks daily,

although this dropped among older children. Our results

are consistent with trends from previous studies in chil-

dren in the USA, Mexico and China (44,46,47), and suggest

that snacking reflects less healthy choices. Similarly,

among Greek adults, a small study (n = 200) concluded

that two of the most popular snack items were desserts

(chocolates, cakes, ice cream) and savoury pies (48).

Substitution of the current snack foods with nutrient-

rich choices should be explored further. Some countries

have developed specific snack recommendations (49). For

example, Switzerland provides a comprehensive list of

Table 6 Associations between energy-adjusted log-transformed micronutrient intakes and daily eating occasion frequency among Greek children

and adolescents: Hellenic National Nutrition and Health Survey

1–3 years 4–19 years

4 times 5 times ≥6 times P 4 times 5 times ≥6 times P

Vitamin A (lg day�1) 0.114 0.055 0.123 0.81 �0.075 0.075 0.147 0.02

Vitamin D (lg day�1) 0.268 0.462 0.484 0.08 0.070 0.341 0.422 <0.001

Vitamin E (mg day�1) �0.033 �0.061 �0.094 0.88 �0.052 0.050 �0.057 0.16

Vitamin K (lg day�1) �0.346 �0.214 �0.119 0.50 0.012 0.290 0.419 <0.001

Vitamin C (mg day�1) 0.304 0.513 0.744 0.15 0.126 0.229 0.243 0.24

Thiamin (mg day�1) 0.081 0.005 0.012 0.78 �0.050 �0.001 �0.0003 0.45

Riboflavin (mg day�1) 0.008 �0.030 0.018 0.93 �0.076 0.069 0.111 <0.001

Niacin (mg day�1) �0.066 0.119 0.054 0.81 �0.067 0.091 0.163 0.01

Pantothenic acid (mg day�1) 0.142 0.194 0.190 0.23 0.105 0.198 0.360 <0.001

Vitamin B6 (mg day�1) 0.152 �0.066 0.033 0.22 �0.068 0.025 �0.026 0.33

Folate (lg day�1) 0.053 0.070 0.110 0.90 0.025 0.177 0.293 <0.001

Vitamin B12 (lg day�1) 0.218 0.248 0.267 0.59 0.003 0.266 0.321 <0.001

Calcium (mg day�1) 0.021 0.152 0.153 0.36 �0.100 0.037 0.087 <0.001

Phosphorus (mg day�1) �0.068 0.008 �0.013 0.65 0.073 �0.003 0.010 0.004

Magnesium (mg day�1) �0.033 �0.042 0.0004 0.84 �0.023 0.084 0.104 <0.001

Iron (mg day�1) �0.026 �0.123 �0.118 0.72 �0.048 0.035 0.012 0.42

Zinc (mg day�1) �0.159 �0.074 �0.115 0.39 �0.125 �0.069 �0.043 0.04

Copper (mg day�1) �0.080 0.195 0.111 0.024 0.120 0.224 0.324 <0.001

Selenium (lg day�1) �0.040 0.142 0.012 0.61 0.159 0.239 0.339 <0.001

Potassium (mg day�1) 0.132 0.109 0.157 0.26 0.032 0.116 0.136 0.005

Values are b coefficients from multiple linear regression models. Dependent variables are energy-adjusted log-transformed micronutrient intakes;

the independent variable is eating occasion frequency, adjusted for confounders. Wald’s test was used to examine the significance (P < 0.05) of

eating occasion frequency categories on log-micronutrient intakes. Reference category is ‘1–3 times’.
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foods and beverages that should be consumed for snacks

between meals. Identification of the nutrient insufficien-

cies and recording the current snack food preferences of

the population could be used to develop national dietary

guidelines and even promote the development of snacks

rich in nutrients of concern.

A major strength of the present study lies in the assess-

ment of meal and snack patterns of a national representa-

tive sample of Greek children and adolescents. Another

strength of this analysis is that it examined energy-

adjusted nutrients and that associations of eating patterns,

nutrient intakes and diet quality were tested for multiple

confounders.

On the other hand, we acknowledge that some limita-

tions of our study should be mentioned. A major limitation

is that HNNHS is a cross-sectional study; as such, it does

not allow us to establish causal relations. In addition, it is

generally accepted that 24-h recalls are prone to

misreporting dietary intake (50). However, the exclusion of

misreporters that was applied in our analysis might have

created a biased sample because under- and over-reporters

might have a special food choice or eating behaviour. Fur-

thermore, when recalling foods and beverages during the

interview, items consumed between meals are more likely

to be forgotten by participants than items consumed at the

main meal time (51). However, the AMPM method that was

used to collect dietary intake data is designed to address

these concerns. Another limitation is the use of the NDSR

food and nutrient database when calculating nutrient

intake, as a result of the lack of a detailed national food

composition database. Furthermore, self-reporting of

weight and height could be listed as another limitation.

Finally, the lack of a consistent definition of ‘meal’ and

‘snack’ in the literature raises issues when comparing the

findings of the present study with those of other studies

assessing the impact of eating patterns (17).
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In conclusion, the present study takes a first step

toward describing the construction of meal and snack

patterns consumed by Greek children and adolescents

and understanding the nutritional impact of these pat-

terns. The results obtained not only highlight the com-

mon practice of the three main meals, but also indicate

the intake of a high prevalence of non-nutrient beneficial

snacks. Because snacking represents a great opportunity

for children and adolescents to meet their nutritional

needs and improve the quality of their diet, future studies

should examine which food groups are already consumed

between meals. Better knowledge of how the food profile

of snacks affects nutrient intakes will provide valuable

information for practitioners when developing strategies

to improve young people’s dietary profile.
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Abstract

Background: The influence of nutrition on breast cancer prognosis is still

inconclusive and therefore dietary interventions incorporating dietary

biomarkers are needed to confirm compliance with dietary goals and clarify

biological mechanisms. The present study assessed whether a lifestyle inter-

vention in breast cancer survivors could affect dietary biomarkers of fruit

and vegetables and fatty acids.

Methods: In this phase II single-arm trial, 37 overweight/obese early stage

breast cancer patients completed a 12-week diet and exercise intervention.

The intervention involved 1-h weekly diet sessions delivered by a dietician

and 75-min bi-weekly physical activity sessions of moderate-to-high inten-

sity led by trained monitors. Before and after the intervention, three 24-h

dietary recalls were carried out to calculate nutrient intakes and, in addition,

blood samples were taken to measure plasma carotenoids, vitamin E and

retinol concentrations and erythrocyte membrane fatty acid (EFA) composi-

tion. Wilcoxon signed rank tests were used to assess changes in dietary and

biomarkers measurements over the intervention period.

Results: After the intervention, there was a significant increase in the intake

of dietary carotenoids (+15.1% compared to baseline) but not plasma caro-

tenoids levels (+6.3%). Regarding the EFA levels, we observed a significant

decrease in percentage of saturated fatty acids (�1.4%) and n-6 polyunsatu-

rated fatty acids (�2.9%) and an increase in monounsaturated fatty acids

(1.7%) and total and long-chain n-3 polyunsaturated fatty acids (by 13.1%
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and 13.7%, respectively). A favourable decrease in the ratio of long-chain n-

6 to n-3 polyunsaturated fatty acids (�9.1%) was also observed.

Conclusions: After a short-term diet and exercise intervention in over-

weight/obese breast cancer survivors, we observed significant changes in

dietary nutrients and fatty acid biomarkers, suggesting positive dietary

changes that could be relevant for breast cancer prognosis.

Introduction

The main areas of research on modifiable factors affecting

breast cancer (BC) prognosis currently focus on dietary

factors, physical activity and body weight (1–4). In terms of

diet, observational studies suggest that a low-fat diet rich

in fruit, vegetables and fibre is weakly associated with a

reduced risk of BC recurrence, BC mortality or total mor-

tality (2,5–9). However, the limited evidence from ran-

domised control trials in BC survivors has yet to

corroborate this; the Women’s Healthy Eating and Living

(WHEL) study found a similar risk of recurrence and

mortality between the control and intervention group after

7 years of follow-up, even though the participants in the

intervention group reported consuming significantly more

fruit and vegetables. In subsequent analyses, total plasma

carotenoid levels (a biomarker of fruit and vegetable

intake) were directly related to 5-year recurrence-free sur-

vival in the control group (10) and higher carotenoid con-

centrations in all participants throughout the 7-year study

period were associated with a significant 33% greater like-

lihood of BC free survival (11). This suggests that longer-

term exposure to high fruit and vegetable consumption

may be more relevant for improving prognosis.

The other main dietary randomised trial in this area,

the Women’s Intervention Nutrition Study (WINS),

found that BC survivors who followed a low-fat diet had

a 5-year cumulative incidence of recurrences of 9.8%,

which is significantly lower than the 12.4% in the control

group (12). Nevertheless, it is difficult to determine

whether this effect was mediated by the low-fat diet or by

the weight loss in the intervention arm. In addition, the

type of fat ingested may be more relevant than total fat

because evidence indicates that specific subtypes of fatty

acids are differentially associated with BC prognosis (3,7).

In observational studies, saturated fatty acids (SFA) have

been associated with worse BC prognosis, whereas higher

intakes of monounsaturated fatty acids (MUFA) have

been related to better survival (7,13,14) and n-3 polyunsatu-

rated fatty acids (PUFA), especially from marine sources,

have been reported to reduce the risk of BC recurrence

and all-cause mortality (15). However, not all studies have

supported these findings (14), and such inconsistencies

may be partly a result of measurement errors that are

common in estimating dietary fat intake (16). Biomarkers

of fat intake, such as plasma or erythrocyte membrane

phospholipid fatty acid (EFA) concentrations (17–23), offer

objective measures that are independent of source of

food, cooking method or the subject’s memory (24,25).

The use of dietary biomarkers in lifestyle intervention

trials in BC survivors can therefore provide more accurate

information on compliance to dietary goals and subse-

quently enable research into the mechanisms by which

dietary factors could affect BC cancer prognosis. For this

reason, we analysed the changes in self-reported dietary

intakes of macro- and micronutrients, as well as dietary

biomarkers of fruit and vegetables (plasma carotenoids)

and of fat intake (EFA levels), in BC survivors after fol-

lowing a 3-month diet and exercise intervention.

Materials and methods

Study population

The participants comprised overweight/obese BC patients

enrolled in a phase II single-arm trial (PREDICOP-F),

which comprises a study designed to test the feasibility of

a lifestyle intervention to induce weight loss (26). Female

patients from the Catalan Institute of Oncology (ICO), in

Spain were invited to participate in the trial [involving a

dietary and physical activity (PA) intervention]. Eligible

participants were patients who had a primary non-meta-

static BC, had completed chemotherapy and/or radiother-

apy during the 6 months preceding recruitment, were

aged 18–75 years old and had a body mass index (BMI)

of ≥25 kg m–2. Exclusion criteria included: tumours of

stage IIIB or above; morbid obesity (BMI ≥ 40 kg m–2);

having had ischaemic heart disease (coronary syndrome,

unstable angina or myocardial infarction) or cerebrovas-

cular accident (ischaemic or hemorrhagic) during the

previous 12 months; diabetic patients with glycosylated

haemoglobin >9%; being under medical or surgical treat-

ment to lose weight; being pregnant or planning preg-

nancy; and mental illness that would prevent the patient

from carrying out the intervention. These criteria were

applied by the person in charge of monitoring the trial

and validated by an oncologist from the breast cancer

unit. In total, 112 BC survivors were invited to participate

by letter and follow-up telephone call, and then asked to

attend a first visit at the hospital. Finally, 42 patients were

recruited and 37 of them completed the intervention and

469ª 2019 The British Dietetic Association Ltd.

G. Buckland et al. Plasma carotenoids, fatty acids and breast cancer



were included in the present study. Among the 70 women

invited but not included in the study, 20 were not inter-

ested in participating, 46 were unable to participate for

different reasons (e.g. they had relatives to look after, they

worked or they lived far from the hospital) and four

women said they could not without giving a specific rea-

son. Comparison of patients who accepted to participate

to those who did not showed no major differences

between the two groups regarding the age or weight of

patients, time since treatment completion, or tumour fea-

tures (stage at diagnosis and hormonal receptor status).

The only statistically significant difference was observed

for type of treatment, with a higher proportion of

patients who received surgery and chemotherapy but no

radiotherapy in the group who accepted to participate
(26). Written informed consent was obtained from all sub-

jects. The local Clinical Research Ethics Committee gave

ethical approval for the study and all participants pro-

vided their written informed consent.

Dietary and physical activity intervention

The intervention lasted 3 months and included both diet-

ary and PA components, with the combined goal of

achieving a weight loss of at least 3% of baseline weight.

The intervention was carried out in group settings (eight

to 12 participants) and took place at the hospital. The

dietary component consisted of 1-h weekly sessions led

by trained dietitians and began by registering each partic-

ipant’s weight. Because the aim of the intervention was to

achieve a weight loss of at least 3% of baseline weight, a

caloric intake target was proposed to each patient mostly

depending on the baseline weight, as well as taking into

account the usual diet and physical activity level. The the-

oretical part of the session focused on food groups, key

aspects of the Mediterranean diet, healthy dietary habits,

and how to plan and prepare hypo-caloric meals. Within

the framework of the proposed calorie restriction, the

participants were encouraged to increase their consump-

tion of vegetables, fish (especially oily fish, rich in long-

chain n-3 PUFA) and fibre rich foods and to reduce

foods high in SFA and refined sugar and limit fruit

intake. The dynamic part of the session focused on moti-

vational activities and specific weight loss barriers, as well

as tools to overcome these. The PA component consisted

of 75-min bi-weekly sessions involving aerobic and mus-

cle-strengthening exercises led by trained PA monitors.

Each session started with a 10-min warm-up and was

then divided into two 25-min periods of aerobic and

muscle-strengthening exercises, respectively. The aerobic

exercise part was performed using static bicycles aiming

at a moderate/high intensity rate corresponding to 70%

of the maximum workload that was re-evaluated every

2 weeks. The muscle-strengthening part was based on

group and individual exercises using mats, stability balls

and resistance bands. The final 10 min was dedicated to

stretching and relaxation. The participants attended >90%
of the scheduled sessions (26).

Data collection

During a 2-week period before and after the intervention,

participants were assessed to collect relevant study data.

At recruitment, a lifestyle questionnaire was used to

record information on socio-economic status, PA level,

tobacco and alcohol consumption, and medical and

reproductive history at time of diagnosis. It was filled in

with the patient by a trained technician. The medial his-

tory questionnaire recorded information on co-morbid

conditions at baseline, and was complemented by infor-

mation obtained from hospital medical records in relation

to cancer diagnosis and treatment.

Both before and after the intervention, a dietitian con-

ducted three 24-h dietary recalls (24hDR). The 3 days for

the 24HR were randomly selected among the 2-week per-

iod immediately preceding the scheduled start (or follow-

ing completion) of the intervention. The patient was not

informed about the specific day that she had to report

her diet before she was contacted by the dietitian. For

anthropometric measurements (taken before and after the

intervention), the dietitian weighed the participants with-

out shoes and measured their height, as well as their waist

and hip circumferences. Lean and fat mass were obtained

from bioimpedance (BC-418MA; Tanita Corp., Tokyo,

Japan). Height and weight were used to calculate BMI.

The Professional Nutritional Calculation Program devel-

oped by CESNID (Centre d’Ensenyament Superior de

Nutrici�o i Diet�etica, Barcelona, Spain) was used to calcu-

late total daily energy and nutrient intakes, based on the

mean of three 24hDRs.

Biomarker analysis

A 30-mL blood sample was taken after overnight fasting,

both before and after the intervention, and available for

37 participants. The date for the blood extraction was set

according to the laboratory’s schedule and at the patient’s

convenience (e.g. coinciding with a visit to the centre to

collect other information). Because the last day of the

intervention was also known beforehand, the same proce-

dure was followed to fix the date of blood drawn during

a 2-week period post-intervention. The samples were cen-

trifuged for 10 min at 3000 9 g at room temperature to

obtain aliquots of plasma, buffy coat, erythrocytes and

serum. All samples were stored at �80°C in freezers at

the ICO-Biobank, using standard procedures.
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Plasma samples were analysed for a-carotene, b-caro-
tene, canthaxanthin, cryptoxanthin, lutein, lycopene, zeax-

anthin, retinol, a-tocopherol and c-tocopherol. The

investigation focused on carotenoids as potential indica-

tors of compliance to dietary goals and also because they

could affect BC prognosis; however, the same analytical

procedure allowed us to determine retinol and toco-

pherols, and therefore they were measured as well. The

National Institute for Public Health and the Environment

(Bilthoven, The Netherlands) conducted these analyses,

using high-performance liquid chromatography (HPLC)

(HPLC column, 250 3 4.6 mm, ChromSpher 5 mm C18;

Varian Associates. Palo Alto, CA, USA) (27). However,

retinol was detected using an ultraviolet-detector, and a-
tocopherol and c-tocopherol by a fluorescence detector,

placed in series. The limits of detection were; lutein: 1 ng

mL�1; zeaxanthin: 2 ng mL�1; canthaxanthin: 2 ng mL�1;

cryptoxanthin: 4 ng mL�1; lycopene: 40 ng mL�1; b-caro-
tene: 30 ng mL�1; and a-carotene: 20 ng mL�1. For con-

centrations below these limits, a value was assigned

calculated as the midpoint between zero and the respec-

tive limit of detection. For retinol, a-tocopherol, and c-
tocopherol, the serum concentrations were above their

limits of detection. One of the samples sent to the labora-

tory was not plasma (a sample extraction error) and so

these analyses were only performed for 36 subjects.

EFA levels were determined in accordance with a

methodology described previously (17) and recently

improved for a complete separation, identification and

quantification of industrial trans fatty acids from natural

trans fatty acids. The International Agency for Research on

Cancer (IARC) (Lyon, France) conducted theses analysis.

Samples were divided into batches of matched blinded

samples, and two independent erythrocyte membrane sam-

ples were added as quality controls. Total lipids were

extracted from erythrocyte membrane samples (200 lL)
with chloroform-methanol 2:1 (v/v) containing antioxidant

butylated hydroxytoluene and L-A-phosphatidylcholine-

dimyristoyl-d54 as an internal standard. Phospholipids

were purified by adsorption chromatography. Fatty acid

methyl esters were formed by transmethylation with

Methyl-Prep II (Alltech, Templemars, France). Analyses

were carried out on a 7890A gas chromatograph (Agilent,

Massy, France). Select for Fames capillary columns (SGE,

Courtaboeuf, France), specific for trans fatty acids separa-

tion, was used for separation of fatty acid methyl esters.

The relative amount of each EFA, expressed as a percent-

age of total EFA, was quantified by integrating the area

under the peak and dividing the result by the total area.

EFA was also expressed as absolute concentrations in

plasma (lmol L�1) based on the quantity of the methyl

deuterated internal standard. There were no detection lim-

its because values as low as 0.005% can be detected.

Statistical analysis

The data available for the seven individual plasma carote-

noids measured (lutein, zeaxanthin, canthaxanthin, cryp-

toxanthin, lycopene, a-carotene and b-carotene) were

summed together to give total carotenoid levels for each

participant. Vitamin E was calculated by summing values

from a-tocopherol and c-tocopherol. The composition of

EFA was expressed as the percentage of each individual

fatty acid to the total sum of fatty acids. Using the data

available on the 40 individual EFA, the following groups

were created; saturated fatty acids (14:0, 15:0, 16:0, 17:0,

18:0, 20:0, 22:0, 24:0), cis MUFA (sum of 14:1n-5, 15:1,

16:1n-7, 17:1n, 18:1n-5, 18:1n-7, 18:1n-9, 20:1n-9, 22:1n-

9, 24:1n-9), n-6 PUFA (18:2n-6, 18:3n-6, 20:2n-6, 20:3n-

6, 20:4n-6, 22:4n-6, 22:5n-6), long-chain n-6 PUFA (those

in previous group with 20 or more carbons), n-3 PUFA

(18:3n-3, 20:3n-3, 20:5n-3, 22:5n-3, 22:6n-3), long-chain

n-3 PUFA (those in previous group with 20 or more car-

bons), ruminant sources of fatty acids (16:1n-7/9, 18:1n-7

and conjugated linoleic acid) and industrial sources of

fatty acids [18:1n-9/12, 18:2n-6 (tc and tt) and 18:3n-3

(ctt and tcc)]. The ratio of long-chain n-6 to long-chain

n-3 EFA was also calculated.

The analyses for the present study are based on the 37

participants who completed the intervention and there-

fore with dietary intake and biomarker information avail-

able both before and after the invention. The sample size

was based on the assessment of the main objective of the

study, weight loss of at least of 3% of baseline weight.

The actual sample size (n = 37) has a statistical power

over 80% to detect as significant a difference in weight of

3% by means of a paired t-test. The normality of the data

collected before and after the intervention (on dietary

intakes, plasma carotenoids, retinol and vitamin E levels

and EFA percentages) and also the normality of their dif-

ference were assessed using Shapiro–Wilk’s test. Based on

the non-normal distribution of the majority of the data,

the results for these parameters are presented as using

medians and interquartile ranges. Accordingly, a Wil-

coxon signed rank test was used to compare the before

and after intervention measurements for dietary intakes

and biomarkers. All analyses were performed using STATA,

version 10 (StatCorp LP, College Station, TX, USA).

Results

The mean age of the 37 participants was 55 years (33–
70 years) and the mean BMI was 30.5 kg m–2 (Table 1).

At diagnosis, the majority of the women were post-

menopausal (62%) and never smokers (54%). In total,

46% had stage I tumours at diagnosis, and the majority

of tumours were oestrogen and progesterone receptor
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positive (76%), with only 19% being receptor negative.

On average, the participants had completed their main

BC treatment 3 months before recruitment (mean

86.8 days; range 3–195 days).

The change over the 12-week intervention period in

dietary intake of energy, macronutrients and micronutri-

ents, calculated from the 24hDR data, is presented in

Table 2. Energy intake decreased by 20.2% from baseline

intakes and there were also significant decreases in total

lipids (�31.1%), particularly from SFA and PUFA (by

�31% and �30%, respectively). There were significant

increases in various micronutrients, including vitamin B3,

vitamin B6 and carotenoids, by 8.8%, 5.8% and 15.1%,

respectively. By contrast, there was a significant decrease

in retinoids (�9.1%).

The changes in plasma biomarkers of individual and

total carotenoids, retinol and vitamin E are shown in

Table 3. There was only a borderline significant change

for retinol, which increased by 10.6% (P = 0.051) com-

pared to levels at baseline. Although there were changes

(both increases and decreases) in individual and total

plasma carotenoids levels after the intervention period,

none of these were statistically significant. There was rela-

tively weak correlation between dietary and plasma level

of carotenoids (r = 0.051) measured before the interven-

tion; interestingly, the correlation improved (r = 0.18) for

measurements taken after the intervention; none of them

was statistically significant.

Table 4 shows the median percentage EFA for the par-

ticipants before and after the intervention, and percentage

change. There were significant changes in several individ-

ual and subgroups EFA after following the intervention.

A 1.4% decrease was found for total SFA, with the largest

percentage reduction in myristic acid and pentanoic acid,

decreasing by 23.5% and 10.0%, respectively. A significant

increase in percentage of total cis MUFA (by 1.7%) was

observed after the intervention. Individual cis MUFA such

as eicosenoic acid, vaccenic acid and oleic acid, increased

significantly by 10.7%, 6.3% and 1.0%, respectively. There

was a significant decrease in percentage of palmitoleic

acid (�16.2%). The percentage of n-6 PUFA also went

down, with marked reductions in di-homo-c-linolenic
acid (�21.5%) and linoleic acid (�9.7%). By contrast,

the percentage of total and long-chain n-3 PUFA

increased significantly, by 13.1% and 13.7%, respectively.

There was a particularly large percentage increase in

docosahexaenoic acid (DHA) (20.1%), whereas there was

no change in eicosapentaenoic acid (EPA). The ratio of

long-chain n-6 to n-3 PUFA decreased by 9.1% compared

to baseline measures. There were no significant changes

in total trans MUFA or trans PUFA from natural or

industrial sources. Similar to carotenoids, the correlations

between dietary and biomarker measurement of FA were

higher for those taken after the intervention; for total,

SFA the correlation coefficients were r = 0.05 and 0.16

before and after the intervention, respectively; for MUFA,

they were r = 0.10 and 0.43, and, for n-3 PUFA, they

were r = 0.08 and 0.15.

Discussion

After a short-term diet and exercise intervention in BC

survivors, we observed significant changes in the self-

reported dietary intake of several macro- and micronutri-

ents and in numerous EFA. Although there was a signifi-

cant increase in the intake of carotenoids calculated from

24hDR, no significant changes were observed in plasma

carotenoids levels. In terms of changes in EFA, we

Table 1 Baseline characteristics of the 37 participants who

completed the intervention

Characteristic

Participants who

completed the

intervention (n = 37)

Age (years), mean (SD) 55.1 (8.3)

Time since treatment completion

(day), mean (SD)

86.8 (63.3)

Anthropometrics

Weight (kg), mean (SD) 73.3 (10.2)

Height (m), mean (SD) 155 (5.9)

BMI (kg/m2), mean (SD) 30.5 (3.9)

Waist circumference (cm), mean (SD) 96.8 (9.2)

Hip circumference (cm), mean (SD) 108.6 (8.1)

Proportion (%) of fat mass 39.7 (5.4)

Fat-free mass (kg), mean (SD) 43.8 (3.8)

Breast cancer stage, n (%)

I 17 (45.9)

IIA 10 (27.0)

IIB 6 (16.2)

IIIA 3 (8.1)

IIIB 1 (2.7)

Tumour oestrogen and progesterone receptors, n (%)

ER+/PR+ 28 (75.7)

ER+/PR� 2 (5.4)

ER�/PR� 7 (18.9)

Treatment type

Surgery and radiation 13 (35.1)

Surgery and chemotherapy 3 (8.1)

Surgery and chemotherapy and radiation 21 (56.8)

Menopausal status at diagnosis, n (%)

Premenopausal 11 (29.7)

Perimenopausal 3 (8.1)

Postmenopausal 23 (62.1)

Smoking status at diagnosis, n (%)

Never 20 (54.1)

Former 14 (37.8)

Current 3 (8.1)

BMI, body mass index; ER, oestrogen receptor tumour; PR, proges-

terone receptor tumour.

472 ª 2019 The British Dietetic Association Ltd.

Plasma carotenoids, fatty acids and breast cancer G. Buckland et al.



observed a significant decrease in SFA and n-6 PUFA and

an increase in MUFA and total and long-chain n-3 PUFA,

as well as a favourable decrease in the ratio of long-chain

n-6 to n-3 PUFA. Overall, the changes in macro- and

micronutrients and fatty acid profile imply certain posi-

tive changes in dietary factors that have been hypothe-

sised to modulate BC prognosis. In addition, because BC

survivors frequently do not meet their dietary intake rec-

ommendations (28,29) but do show an increased interest in

making healthful lifestyle changes, they are an important

target population for capitalising on this teachable

moment.

In terms of changes in micronutrients, the increase in

dietary carotenoids was not supported by changes in

plasma carotenoid levels. This disagreement highlights the

inherent issue of measurement errors in self-reported

dietary intake (30) and the importance of using dietary

biomarkers to complement them. Indeed, only moder-

ately-low correlations (approximately 0.30) between diet-

ary and plasma total carotenoids have been reported in

other dietary intervention studies in BC survivors (27,31).

It is not entirely surprising that plasma carotenoid con-

centrations in the present study did not change, consider-

ing that participants were not specifically encouraged to

increase fruit consumption (i.e. because the dietary plan

was focused on meeting caloric goals to promote weight

loss, which was the main aim of the present study). Any

increase in vegetable consumption during the intervention

was evidently not sufficient to influence plasma carote-

noid levels. This is in contrast to the objectives of the

WHEL study, which specifically encouraged participants

in the intervention arm to increase fruit and vegetable

intake (three to five servings per day, respectively), as

reflected by a significant 51% rise in plasma carotenoid

Table 2 Changes in self-reported dietary intake of macro- and micro-nutrients after completion of the dietary and physical activity intervention

(n = 37)

Macro- and micro-nutrients

(daily dietary intake)

Before the intervention,

median (QR)

After the intervention,

median (QR)

Difference,

median (QR) Percent change* P-value†

Energy total 1672 (1424–1938) 1334 (1162–1522) �368.9 (�580.4 to �143.0) �20.2 <0.001

Lipids (g) 69.9 (59.5–95.8) 50.3 (43.8–58.8) �20.9 (�37.0 to �1.1) �28.1 <0.001

Monounsaturated fatty acids (g) 29.6 (25.2–42.9) 22.0 (18.3–26.7) �9.0 (�19.9 to �2.0) �25.5 <0.001

Polyunsaturated fatty acids (g) 10.1 (7.3–13.2) 7.06 (5.74–8.87) �3.32 (�5.82 to �0.85) �30.0 0.001

Saturated fatty acids (g) 22.5 (18.1–26.5) 15.1 (13.4–19.4) �5.27 (�13.1 to �0.25) �31.0 0.001

Minerals

Calcium (mg) 629.5 (528.2–775.4) 647.0 (550.7–883.6) 71.7 (�122.3 to 169.8) 2.8 0.177

Zinc (mg) 7.54 (6.20–9.60) 7.75 (6.66–9.34) 0.22 (�1.18 to 1.87) 2.7 0.474

Iron (mg) 10.9 (9.7–12.4) 12.1 (9.3–13.4) 1.7 (�1.6 to 2.5) 11.6 0.213

Potassium (mg) 2780 (2599–3249) 3275 (2846–3776) 422.4 (�16.2 to 708.7) 17.8 0.002

Magnesium (mg) 257.0 (217.9–292.5) 276.3 (230.6–319.3) 7.82 (�29.7 to 45.4) 7.5 0.202

Sodium (mg) 1959 (1673–2606) 1705 (1306–2150) �437.0 (�756.9 to 102.8) �13.0 0.003

Phosphorus (mg) 1103 (988.7–1379) 1167 (1016–1372) 63.0 (�131.9 to 157.3) 5.8 0.268

Vitamins

Vitamin B9 (folic acid) (lg) 263.0 (213.5–368.7) 305.9 (253.7–364.3) 15.4 (�67.5 to 94.1) 16.3 0.346

Vitamin B2 (riboflavin) (mg) 1.63 (1.25–1.94) 1.53 (1.35–1.78) �0.03 (�0.32 to 0.26) �6.0 0.502

Vitamin B1 (thiamine) (mg) 1.23 (1.03–1.52) 1.16 (1.02–1.29) �0.03 (�0.22 to 0.18) �5.8 0.370

Vitamin B3 (niacin) (mg) 21.4 (18.0–24.2) 23.3 (20.4–27.1) 3.2 (�2.2 to 5.5) 8.8 0.008

Vitamin B6 (mg) 1.87 (1.54–2.18) 1.98 (1.74–2.33) 0.22 (�0.08 to 0.41) 5.8 0.013

Vitamin D (lg) 1.96 (1.18–2.61) 2.42 (1.40–4.70) 0.32 (�0.85 to 2.36) 23.1 0.108

Vitamin E (mg)‡ 7.94 (6.30–10.49) 8.30 (6.95–10.48) 0.12 (�2.03 to 2.78) 4.6 0.645

Vitamin B12 (lg) 4.04 (2.69–9.71) 4.91 (3.91–8.07) 0.38 (�2.77 to 2.68) 21.4 0.678

Vitamin C (mg) 127.6 (77.7–174.8) 115.5 (88.4–177.3) �5.9 (�62.0 to 46.0) �9.5 0.862

Vitamin A total(lg)§ 587.0 (422.3–914.4) 653.9 (487.8–915.5) 66.9 (�112.2 to 302.3) 11.4 0.402

Carotenoids (lg) 2330 (1480–3539) 2681 (2038–4701) 672.1 (�323.5 to 1989) 15.1 0.017

Retinoids total (lg)¶ 208.1 (136.9–295.8) 168.3 (114.3–206.2) �34.6 (�153.9 to 31.0) �19.1 0.034

*The percentage change in each nutrient following the intervention was calculated as the median after the intervention minus the median before

the intervention, divided by the median before the intervention.
†Wilcoxon signed rank test.
‡Sum of tocopherols and tocotrienols (adjusted by conversion factors).
§Sum of retinoids and carotenoids (carotenoids is divided by 6).
¶Sum of trans-rentinol, dehydroretinal, 13-cis retinol and dehydroretinol, adjusted by conversion factors.

QR, Quartile range (25th percentile, 75th percentile).
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concentrations after 1 year of intervention, whereas there

were no significant changes in plasma or dietary carote-

noids in the comparison group. Their results suggest that

maintained high carotenoids levels could improve BC

prognosis (14). This may be a result of their range of

potentially anticancer properties, including antioxidant

activity, inhibition of oestrogen-induced cell proliferation,

and their retinoid-like effects on cell differentiation and

regulation and the promotion of apoptosis (32,33). Because

the increase in plasma retinol after the lifestyle interven-

tion was only borderline significant, it is difficult to draw

any conclusions on the effect of the intervention on this

biomarker. In addition, plasma retinol levels are homeo-

statically controlled and therefore not always correlated

with retinol intake and may not respond directly to diet-

ary interventions (34). On the other hand, it must be kept

in mind that our hypothesis focused on carotenoids,

although tocopherols and retinol were measured in the

same analytical procedure; therefore, the finding of a bor-

derline significant difference in plasma retinol must be

considered as incidental.

In terms of changes in EFA subtypes after the lifestyle

intervention, the significant drop in SFA (albeit only by

1.4%) was also in line with data obtained from the

24hDR, where we observed a decrease from 22.5 to 15.1 g

day�1. These favourable changes could be a reflection of

improved dietary habits, such as consuming less SFA

from animal products, as well as a reduction in baked

goods and fried foods. Although the evidence linking SFA

and BC prognosis is still not clear (6), self-reported diet-

ary fat intake has been linked to significantly higher risk

of all-cause mortality in women with a history of BC (14).

The small but significant increase in EFA cis MUFA in

the present study was in contrast to the decrease in total

dietary MUFA reported in the 24hDR. This could reflect

issues of measurement error in self-reported dietary

assessment, although the fact that MUFA concentrations

are derived from both exogenous and endogenous sources

should also be considered. For example, oleic acid can be

derived endogenously from the diet and, although, in

southern Europe, the main dietary source is olive oil, in

Northern Europe, it is meat (22,35). Therefore, the increase

in oleic acid after the intervention in this Spanish popula-

tion could reflect a more regular use of olive oil (in place

of margarine or butter), which was encouraged as part of

the Mediterranean-style diet. This may be relevant for BC

because oleic acid from olive oil may specifically regulate

cancer-related oncogenes, modulate hormonal status, cell

membrane structure and signal transduction pathways (36).

By contrast, the percentage of palmitoleic acid decreased

after the intervention; although palmitoleic acid is a

minor MUFA in the human diet, important sources come

from butter, as well as vegetable oils and meat fat; thus, a

reduction in these foods may have led to the drop in this

fatty acid.

Following the lifestyle intervention, there was a signifi-

cant decrease in n-6 PUFA levels of EFA, which could

have been driven by the reduction in linoleic acid (whose

dietary sources include animal and dairy products) and

in di-homo-c-linolenic acid. The relevance of linoleic acid

on BC prognosis is still unclear because either no associa-

tions or nonsignificant positive associations between n-6

PUFA or linoleic acid (evaluated pre- or post-diagnosis)

and BC-specific and all-cause mortality have been

reported in several cohort studies (7). However, linoleic

acid has been found to have strong promoting effects on

Table 3 Changes in carotenoid and vitamin E levels after completion of the dietary and physical activity intervention (n = 36)

Plasma biomarker

Before the intervention,

median (QR)

After the intervention,

median (QR) Difference, median (QR) Percent change* P-value†

Lutein (ng mL�1) 144.4 (72.7–203.4) 122.3 (78.4–180.6) �20.0 (�67.5 to 68.5) �15.3 0.85

Zeaxanthin (ng mL�1) 34.0 (19.9–53.7) 33.4 (21.5–52.0) �0.7 (�18.2 to �18.1) �1.6 0.82

Canthaxanthin (ng mL�1) 49.0 (30.2–64.2) 57.2 (35.7–68.6) 4.3 (�7.8 to 26.8) 16.9 0.15

Cryptoxanthin (ng mL�1) 233.1 (119.3–393.1) 233.8 (131.0–315.1) �1.7 (�151.9 to 70.8) 0.3 0.72

Lycopene (ng mL�1) 429.8 (320.5–612.9) 529.0 (332.9–816.2) 103.1 (�175.8 to 363.9) 23.1 0.09

a-Carotene (ng mL�1) 83.6 (43.3–101.5) 59.1 (16.4–116.2) �10.5 (�86.5 to 40.2) �29.2 0.34

b-Carotene (ng mL�1) 206.7 (140.7–301.9) 202.1 (110.3–321.3) �26.5 (�146.6 to 96.8) �2.3 0.63

Carotenoids total (ng mL�1)‡ 1268 (889–1513) 1348 (837–1640) 13.4 (�270.5 to 392.8) 6.3 0.540

Vitamin E (lmol L �1)§ 35.6 (31.1–38.8) 35.6 (29.9–40.3) 0.5 (�4.6 to 6.1) 0.0 0.44

Retinol (lmol L �1) 1.94 (1.61–2.27) 2.15 (1.78–2.53) 0.17 (�0.22 to 0.56) 10.6 0.05

*The percentage change in each biomarker following the intervention was calculated as the median after the intervention minus the median

before the intervention, divided by the median before the intervention.
†Wilcoxon signed rank test.
‡Carotenoids total is sum of lutein, zeaxanthin, canthaxanthin, cryptoxanthin, lycopene, a-carotene and b-carotene.
§Vitamin E is sum of a-tocopherol and c-tocopherol.

QR, Quartile range (25th percentile, 75th percentile).
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mammary gland tumours in animal models (under cer-

tain conditions) through mechanisms that could involve

cell eicosanoids. The increase in total n-3 PUFA by 13%

of total EFA, with a particular increase in DHA (by

20%), suggests that the women increased their consump-

tion of fish, particularly fatty fish, throughout the

intervention period; long-chain n-3 PUFA correlate highly

with fish consumption and EPA and DHA are largely

obtained from fatty fish (25). Although the evidence is still

inconclusive about whether increasing intake of fish and

other foods rich in long-chain n-3 PUFA can improve BC

prognosis, there is some suggestion of this (7) attributed

partly to their anti-inflammatory action (37). Indeed, a

sub-analysis in the WHEL trial found that higher intakes

of EPA and DHA from marine-based foods (estimated

from 24hDR) reduced the risk of additional BC events by

25% (15). However, data relating fatty acids biomarkers

to BC prognosis from observational or RCTs are still

lacking.

We observed a favourable decrease in the ratio of n-6

to n-3 PUFA in the EFA, which may be relevant factor in

BC prognosis; experimental studies have found that the

tumour inhibitory effects of n-3 PUFA are only observed

for the optimal ratio of these two PUFA subgroups

because n-3 PUFA compete with n-6 PUFA for metabo-

lism into eicosanoids, and those produced from the n-6

PUFA are usually inflammatory and possibly promote

carcinogenesis (20,23). By contrast, we did not observe any

significant changes in natural or industrial trans fatty

acids, which, although inconclusive still, could be relevant

for BC prognosis (14).

In the interpretation of the results obtained in the pre-

sent study, it must be kept in mind that the main com-

parisons of both dietary components and biomarkers

were hypothesis-driven. The intervention offered partici-

pants a hypocaloric diet (according to the baseline BMI)

at the same time as maintaining the diet quality, attempt-

ing to follow a Mediterranean diet. Therefore, we

expected that, after the intervention, the patients reported

a lower energy intake, as well as lower lipids (mainly sat-

urated fat) and higher total carotenoids. Regarding

biomarkers, we expected an increased plasma level of

total carotenoids; regarding fatty acids in the erythrocyte

membrane, we expected a decreased proportion of satu-

rated fatty acids and an increase of MUFA and PUFA,

mainly n-3 PUFA. Comparisons for these parameters can

be considered independent from other comparisons and

therefore its associated P-value for significance remains as

0.05. However, for the sake of completeness, the results

for all of the measured dietary components and biomark-

ers are provided in Tables 2 to 4. Under this framework,

the problem of multiple comparisons may be considered.

Regarding dietary components, Table 2 shows the results

for the 24 tests that were performed; Bonferroni adjust-

ment for multiple comparisons yielded a P-value of

0.0021. The decrease in energy intake, total lipids and all

types of fatty acids would still be significant because all of

them had P ≤ 0.001; however, the increase in carotenoids

intake would now become nonsignificant. The plasma

levels of carotenoids (Table 3) did not show significant

changes and thus the problem of potential false positives

as a result of multiple comparisons does not apply.

Finally, Table 4 shows the results of 25 tests regarding

changes in FA composition in the erythrocyte membrane;

the Bonferroni corrected P-value is 0.002. The decrease of

SFA and the increase in PUFA (both n-3 and n-6) remain

significant as a result of its P-value of < 0.001; by con-

trast, the increase in MUFA (P-value of 0.012) would be

nonsignificant if the correction by multiple comparison

was taken into account.

The present study was carried within the framework

of a broader research with an underlying hypothesis that

weight control is a crucial determinant of breast cancer

prognosis. This primary aim of the phase II single-arm

trial was to test the feasibility of a lifestyle intervention

to induce weight loss. Therefore, we decided to focus on

patients who could benefit more from weight loss,

namely obese patients and those who were overweight.

We cannot determine to what extent the observed

changes in intake and levels of biomarkers would be

similar in patients with a normal weight (BMI < 25).

Among subjects with a normal weight, the intervention

does not need to be hypocaloric, although it still would

focus on qualitative changes in diet. We may thus antic-

ipate that there probably would be a less marked

decrease in total lipids but with an expected shift to a

more favourable profile of both intake and biomarkers

of fatty acids.

We have analysed dietary biomarkers after a lifestyle

intervention aiming to provide more accurate informa-

tion on compliance to dietary goals and, additionally, to

provide useful data with respect to the mechanisms by

which dietary factors could affect BC cancer prognosis.

However, previous data from the two large clinical trials
(10,12) showed that weight loss was a crucial determinant

of BC prognosis. Overall, their results suggest that,

besides diet, energy balance could play a determinant

role, and that interventions involving calorie restriction

from the diet, as well as energy expenditure induced by

PA, might improve BC prognosis.

Although addressing the independent role of weight

loss, diet or exercise would require a control group, it

would be interesting to determine to what extent the

achievements and compliance of the intervention may

modify the degree of changes in the biomarkers. Only

one patient had a weight loss below 3% (the main
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purpose of the present study) and therefore the results

excluding this patient would virtually remain unchanged.

Regarding compliance, the number of diet and PA ses-

sions attended by each participant was recorded and

compared with the total number of sessions offered (12

and 24, respectively); 30 out of 37 patients attended the

12 scheduled dietary sessions, whereas 20 patients com-

pleted the 24 scheduled PA sessions. Overall, 20 partici-

pants followed all scheduled sessions of both components

of the intervention (complete compliance). Although sen-

sitivity analysis was limited by the sample size, we com-

pared the pre- and post-intervention concentrations

separately in the 20 subjects with complete compliance

and the 17 with incomplete compliance (results not

shown). The same pattern observed for carotenoids in

the whole sample was found in both groups, and no

significant differences were observed. Regarding EFA, the

pattern of changes in concentrations for total SFA,

MUFA, n-6 PUFA, n-3 PUFA and trans FA from

industrial sources for both groups (with or without

complete compliance) was the same as for the whole

set; only for the n-6 PUFA did the test became non-

significant as a result of the reduction in sample size,

although the magnitude and direction of difference were

the same.

In terms of the study limitations, a key issue is the lack

of a control group, which means that we cannot infer

that the changes observed were a result of the effect of

the intervention. Other limitations include the relatively

short duration of the intervention and the lack of long-

term follow-up. In addition, carotenoids are fat soluble

and, given that total dietary lipids decreased, this is likely

to have influence the bioavailability and absorption of

carotenoids; moreover, the type of fat consumed might

alter their plasma concentration (38). Likewise, circulating

n-3 fatty acids levels have been shown to be affected by

the quality of diet and also other lifestyle factors, includ-

ing PA (37,39). However, the present study has several

strengths, particularly including the fact that we present

data before and after the intervention on both self-

reported dietary intake and dietary biomarkers. This is

relevant when considering that some degree of measure-

ment error is always present in self-reported dietary

intake and often results in an under-reporting of certain

foods, particularly for high-fat foods and in overweight/

obese individuals (39). In addition, plasma carotenoid

concentrations can provide better estimates of concentra-

tions biologically available to cells compared to dietary

estimates. Similarly, EFA is an indication of the interplay

between dietary fatty acid intake, absorption, metabolism

and interactions with other dietary factors, and may

reflect patterns relevant in BC aetiology (19,40). However,

because EFA are also influenced by endogenous synthesis

and metabolism of fatty acid residues, interpreting the

changes in composition resulting from dietary changes

should be carried out with caution. A further positive

aspect of using EFA is that they reflect medium-term

(previous few months) fatty acid intake as a result of

their long lifespan (approximately 120 days) (40), whereas

plasma carotenoids reflect only the intake of the past few

days. Accordingly, it can be assumed that three 24HR

randomly collected within the 2 weeks following the ref-

erence period provide a reasonably valid estimate of the

dietary intake of carotenoids and fatty acids.

In summary, we have shown that, after a short-term

diet and exercise intervention, BC survivors reported sig-

nificant changes in intake of several nutrients calculated

from self-reported dietary measurements and in biomark-

ers of fat intake, suggesting positive dietary changes. The

use of biomarkers in research into dietary factors that

could affect BC prognosis is a key step towards under-

standing the role of the diet in secondary prevention and

the mechanisms involved. The BC survivors in the pre-

sent study also lost a clinically relevant amount of weight

(7.8% of baseline weight) as reported previously (26); if

on-going lifestyle trials in BC survivors confirm the

importance of body weight in BC prognosis (41), then it

will be pertinent to identify the best diet not only for

weight loss, but also in terms of nutritional content that

could provide additional protective effects related to BC

recurrence or survival.
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Abstract

Background: In Mexico, 80% women with cervical cancer are diagnosed at

locally advanced stages and are treated with concomitant chemoradiother-

apy. The treatment modality and catabolic state confer a nutritional risk.

The present study aimed to thoroughly evaluate the nutritional status and

change in body composition of locally advanced cervical cancer (LACC)

patients throughout treatment.

Methods: An observational prospective study, carried out at the Mexican

National Cancer Institute, included 55 LACC patients. Nutritional status

was evaluated before, during and after treatment, using anthropometric,

dietary and biochemical measurements. Body composition was analysed

using computed tomography images obtained at the time of diagnosis and

approximately 4 months after treatment completion. Clinical outcomes were

associated with changes in body composition.

Results: At the time of diagnosis, no patients were clinically malnourished,

although 33.3% presented sarcopenia and most were overweight; by the

end of treatment, 69% became clinically malnourished and 58% were sar-

copenic. Average weight loss was 7.4 kg (P = 0.001). Adequacy of energy

intake was reduced to 54%, obtained predominantly from carbohydrates.

By the week 9, 62.8% patients became anemic and 34.5% had low albu-

min levels. Body composition analysis revealed that patients lost both,

muscle and adipose tissues, although 27% patients were muscle depleted

by the end of treatment. Patients who lost ≥10% skeletal muscle presented

a higher tumour recurrence (hazard ratio = 2.957, P = 0.006) and a ten-

dency towards diminished overall survival (hazard ratio = 2.572, not sig-

nificant).

Conclusions: The nutritional status of cervical cancer patients deteriorates

during treatment with concomitant chemoradiotherapy and, most impor-

tantly, muscle loss impacts the clinical outcome of patients.

Introduction

Cervical cancer is the third most frequently diagnosed

cancer amongst women worldwide and the second

amongst women in Mexico (1). Eighty percent of women

with cervical cancer arrive at the Mexican National Can-

cer Institute (INCan) with locally advanced stages. Con-

comitant treatment with cisplatin chemotherapy and

radiotherapy followed by brachytherapy is the standard

treatment (2) and this results in several symptoms that
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confer a risk of malnutrition, including nausea, diarrhoea,

tenesmus, abdominal cramps, urgency, mucus discharge,

faecal urgency, loss of appetite and bleeding (3).

Several studies have proved an association of the

patients’ nutritional status with their quality of life and

medical complications (4,5). Unfortunately, most of these

studies include heterogeneous groups regarding the type

of tumour, treatment and nutritional evaluation tools

used to determine the nutritional status. Most studies

have used anthropometric and body composition mea-

surements; however, different measurements, including

anthropometric, dietary and biochemical evaluations,

have not been used in conjunction to provide a complete

nutritional diagnosis.

Malnutrition in cancer patients has a negative impact

on their quality of life, response to treatment and overall

survival (6–9). Particularly, sarcopenia (and more so in the

context of overweight and obesity) has been associated

with higher toxicity to cancer treatment, shorter time to

tumour progression and survival (10–14). Recently, the

body composition of cervical cancer patients using com-

puted tomography (CT) images was reported, indicating

an association of lower skeletal muscle index (SMI) and

acute dose limiting toxicity, and with SMI loss during

treatment being associated with worse overall survival
(13,15,16).

In Mexico, 75.6% of the adult women population is

overweight and obese (17); therefore, it is most likely that

a high proportion of LACC patients arrive at the INCan

overweight and obese. These women may present sar-

copenia masked with high adiposity and the combined

effect of visceral adiposity derived inflammation and con-

comitant chemoradiotherapy may worsen the nutritional

status and outcome of these patients. The fact that sar-

copenic obesity is not clinically detectable because

patients do not appear to be emaciated, poses an addi-

tional challenge to identify patients at higher risk of toxi-

city, complications and poor clinical outcome.

In this context, a systematic evaluation and nutritional

intervention should be routine practice for all cancer

patients. The INCan provides dietary recommendations

of astringent foods to LACC patients during and after

treatment with concomitant chemoradiotherapy, with the

purpose of controlling gastrointestinal toxicity, and with

particular attention to diarrhoea. This is a restrictive diet

that may pose an additional risk to the development of

malnutrition and nutrient deficiencies.

As far as we know, in Mexican LACC patients, a thor-

ough nutritional evaluation, including body composition

analysis, has not been assessed in response to concomi-

tant treatment, nor has its impact on tumour recurrence

and overall survival. Accordingly, to perform a complete

nutritional evaluation, the present study considered that

validated tools must be used and interpreted together to

obtain a more precise and integral nutritional diagnosis.

The present study aimed to evaluate the nutritional sta-

tus and body composition of LACC patients before, dur-

ing and after treatment and identify the change in

nutritional status and its impact on tumour recurrence

and overall survival.

Materials and methods

Subjects

A longitudinal, prospective and descriptive study was per-

formed to evaluate the change in nutritional status of

Mexican women with LACC. Initially, 99 patients were

eligible for the study (see Supporting information,

Fig. S1). Eligibility criteria were: women recently diag-

nosed with LACC (Stages II and III); candidates receiving

concomitant treatment with cisplatin-based chemoradio-

therapy, followed by brachytherapy; a Karnofsky score of

80–100%; adequate hepatic function; and normal haema-

tological results. Eighty-one patients were included in the

study and received an initial nutritional evaluation. Dur-

ing the study, 26 patients were excluded. Reasons for

exclusion were: a change in treatment because of addi-

tional radiotherapy requirements, patients deciding not to

continue with the study, a delay in treatment, and death.

In total, 55 subjects were included between 2013 and

2014. Anthropometric, biochemical and dietary assess-

ments were carried out three times for each patient:

2 weeks before beginning of treatment (week �2); during

treatment on the third chemotherapy cycle (week +3);
and at the end of brachytherapy (week +9). For body

composition analysis, we retrieved pre- and post-treat-

ment CT scans from the institutional archiving system.

Post-treatment images were acquired when they were

available; the mean time was 4.4 months after treatment

completion.

Informed written consent was obtained from all

patients who agreed to participate in the study. The study

was approved by the Ethics and Research Committees of

the INCan (018/023/ICI) (CEI1247/18) and carried out

according to the Declaration of Helsinki.

Cancer treatment and standardised dietary

recommendations

Chemotherapy, based on cisplatin, was applied to ambu-

latory patients at a dosage of 40 mg m�2 body surface

area, weekly for 6 weeks. External radiotherapy was

administered to patients at four standard pelvic field

points, using a total dosage of 50.4 Gy divided by 28 frac-

tions of 1.8 Gy day�1 for 5 days a week. After completion

of concomitant chemoradiotherapy, low-dose rate
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brachytherapy was applied to the intracavitary area, using

Fletcher-Suit-Delclos ovoids.

As part of the routine clinical treatment for cervical

cancer patients, health professionals provide generalised

dietary recommendations of astringent foods to follow

during and after treatment. These recommendations

exclude dairy, legumes, corn-derived foods, raw fruits and

vegetables, thus recommending the consumption of sugar,

refined grains and flour, white meat, cooked fruits and

vegetables. No other nutritional intervention was per-

formed, except for patients who required nutritional sup-

port as a result of severe malnutrition, these were

channelled to the nutrition service for an individualised

management and were excluded from the final analysis.

Anthropometric measurements

Body weight was measured in kg using a digital scale (SECA

model 770; SECA Corp., Hamburg, Germany). Height was

measured in m using a wall-mounted stadiometer (SECA

model 222; SECA Corp.). Body mass index (BMI) was cal-

culated as: BMI = weight in kg/height in m2. Ideal body

weight (IBW) was determined using the formula suggested

by the World Health Organization for women:

IBW = (height in m2 9 21.5) � 10%. Percentage IBW was

calculated. Percentage weight loss (%WL) was calculated.

Waist and hip circumferences were measured in cm

and the waist-to-hip ratio (WHR) was calculated.

Dietary assessment

The 24-h recall questionnaire was applied each visit, the

Mexican food equivalent system (18) was used to calculate

the energy and macronutrient intake and proportion.

Intakes of fibre and lactose were estimated using a food fre-

quency questionnaire (19). Total energy requirement was

determined according to the patient’s weight, calculated at

0.12 MJ kg�1 day�1 (28 kcal kg�1 day�1) (20). Percentage

of adequacy of energy intake (%AEI) was calculated.

Biochemical measurements

To assess malnutrition, albumin and haemoglobin levels,

as well as total lymphocyte and neutrophil count, were

evaluated. Serum albumin levels <3.5 mg dL�1, haemo-

globin levels <12 mg dL�1, lymphocyte count

<1000 mm�3 and neutrophil count <1500 mm�3 are

associated with malnutrition (21).

Nutritional evaluation

The Subjective Global Assessment (SGA) uses information

obtained by clinical history and physical examination to

assess a patient’s nutritional status (4). The Patient Gener-

ated-SGA (PG-SGA), specifically developed for patients

with cancer (20,22,23), classifies the patients into three pos-

sible groups: A (well-nourished), B (moderately malnour-

ished or at risk of malnourishment) and C (severely

malnourished) (24). For the present study, the Spanish

version of the PG-SGA was used.

To assess the complete nutritional status of cervical

cancer patients throughout the course of treatment, we

used anthropometric, dietary and biochemical measure-

ments, as described above, with the criteria outlined

below (21).

Malnutrition

BMI <20 kg m–2 for patients <70 years of age, and

<22 kg m–2 for patients 70 years and older, linked to

weight loss ≥2% in 1 week or ≥5% in 1 month. In addi-

tion, we considered %IBW ≤85, AEI <70%, serum albu-

min levels <3.4 g dL�1, haemoglobin <12 mg dL�1,

lymphocyte count <2000 cells mm�3 and neutrophil

count <2000 cells mm�3.

Well-nourished

BMI = 20–24.9 kg m–2, WHR <0.8, %IBW = 90–110 and

AEI = 70–110%.

Overweight

BMI = 25–29.9 kg m–2, WHR ≥0.8 and %IBW = 111–
120.

Obese

BMI ≥30 kg m–2, WHR >0.8, %IBW >120 and AEI

>110% (25,26).

Body composition analysis

Body composition was determined using CT images

obtained pre- and post-treatment. Post-treatment CT-

images were acquired with a mean time post-treatment of

4 months (range 3–8 months). A cross-sectional image of

the third lumbar (L3) vertebra was analysed to determine

the skeletal muscle and adipose tissue areas. The images

were analysed by a trained researcher, using the software

SliceOmatic 4.3 (Tomovision, Magog, QC, Canada). The

skeletal muscle area was calculated using Hounsfield unit

(HU) within a range of �29 to +150; subcutaneous adi-

pose tissue was determined within a range of �190 to

�30 HU; and visceral adipose tissue was determined

between �150 and �50 HU, as described elsewhere
(10,11). Skeletal muscle, visceral adipose tissue and subcu-

taneous adipose tissue areas were normalised for the

patient’s squared height (cm2 m�2) to calculate skeletal

muscle index (SMI), subcutaneous adipose tissue index
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(SATI) and visceral adipose tissue index (VATI). Muscle

mass was calculated using the average value of 6 cm2 of

muscle area per 1 kg of muscle mass; adipose tissue mass

was calculated using the average value of 16 cm2 per 1 kg

of adipose tissue mass. Change in body composition was

based on the difference between the pretreatment and

post-treatment CT images. The duration of treatment was

around 3 months, although the time to the post-treat-

ment CT image varied among patients; so, the percentage

changes in SMI, SATI, VATI and BMI were calculated as

change per 200 days, to allow comparisons among

patients.

Statistical analysis

A Kolmogorov–Smirnov test was used for patient charac-

teristics; basal measurements did not present a normal

distribution. Quantitative variables (anthropometric, diet-

ary and biochemical measurements) are expressed as

median and interquartile range. Wilcoxon’s test was used

to evaluate the difference of medians among first and sec-

ond evaluations, and among second and third evalua-

tions. P-values are reported. Qualitative variables are

expressed as frequencies and percentages. A recurrence

curve was measured from date of diagnosis to the date of

progression or last follow-up visit. A survival curve was

measured from the date of diagnosis to the date of death

or last follow-up visit. The Kaplan–Meier method was

used to calculate survival fractions and the log-rank test

was used to compare between groups. Data were analysed

using PRISM, version 7 (GraphPad Software, Inc., San

Diego, CA, USA) P < 0.05 was considered statistically sig-

nificant.

Results

Analysis of basal clinical characteristics of study

population

Table 1 describes the 55 patients analysed. Mean age was

50.4 years. Histopathologic analysis showed that 85.4%

were diagnosed with epidermoid carcinoma, 9.1% with

adenocarcinoma and 5.5% with adenosquamous carci-

noma. Most patients (92.7%) received five or six

chemotherapy cycles. Patients received a median dosage

of 340 mg of cisplatin, 50 Gy of radiation and 24 Gy of

brachytherapy. The median duration of chemoradiation

was 39 days (minimum 28 days; maximum 56 days).

Patients had an average performance status of 90.6

according to Karnofsky scale. From the 55 patients anal-

ysed, nine (16%) had treatment interruption of one or

two chemotherapy cycles. The reason for interruption was

treatment-related toxicity, graded according to the Com-

mon Terminology Criteria for Adverse Events (CTCAE

v.4), including CTCAE grades 2 and 3 haematological

toxicity (neutropenia, anaemia, thrombocytopenia, lym-

phopenia, leucopenia), and CTCAE grades 2 and 3 gas-

trointestinal toxicity (diarrhoea, vomiting).

Analysis of anthropometric parameters

Table 2 shows that patients lost weight by the week 3 of

treatment (week +3) and continued to lose weight until

the end of treatment (week +9), with a total weight loss

of 7.5%. Weight loss was classified as severe (>5%), mod-

erate (2–5%) and mild (<2%). The number of patients

with severe weight loss almost doubled from week 3 to

week 9 (28–43 patients). Only two patients did not lose

weight during treatment. Median BMI was reduced from

27.6 to 25.8 during treatment, and to 24.9 by the end of

treatment. Waist-to-hip ratio remained elevated (0.8) and

unchanged throughout treatment. When the number of

patients with cardiovascular risk was analysed, unexpect-

edly, 90% patients had cardiovascular risk, which was not

significantly reduced by the end of treatment.

Analysis of dietary parameters

Total energy intake for patients was significantly reduced

throughout treatment (Table 3); by the end of treatment,

patients were consuming only a median of 3.40 MJ day�1

(813 kcal day–1), which represented 54.2% of their energy

requirement. When the nutrient proportion was analysed,

more than 60% of energy came from carbohydrates, pro-

tein remained constant and energy from fat was reduced

during treatment. Total fibre intake was decreased signifi-

cantly throughout treatment; and lactose was almost

eliminated from the patients’ diet. We analysed the total

macronutrient consumption to determine whether dietary

Table 1 Basic demographic and clinical characteristics of study

population (n = 55)

Characteristic Description Number (%)

Age (years)* 50.45 (11.4)

Clinical stage II 44 (80)

III 11 (20)

Histopathology Epidermoid carcinoma 47 (85.4)

Adenocarcinoma 5 (9.1)

Adenosquamous

carcinoma

3 (5.5)

Chemotherapy

(cycles)

5 or 6 51 (92.7)

4 4 (7.3)

Radiotherapy (Gy)* 50 (5)

Karnofsky* 90

*Data presented as the mean (SD); Kolmogorov–Smirnov.
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intake is adequate even though the proportion of

macronutrients is maintained (Fig. 1). Compared to the

first dietary evaluation, energy intake is significantly

reduced during and after treatment (Fig. 1a). The same

intake reduction is demonstrated for carbohydrates

(Fig. 1b), protein (Fig. 1c) and fat (Fig. 1d). Accorid-

ingly, even when the proportions of carbohydrates and

protein are maintained, the amount consumed of these

nutrients is reduced. Fat intake is reduced in both, quan-

tity and proportion. In Fig. 1e, the percentage change of

dietary intake is described. The median decrease is

�38.4% for energy, �36.2% for carbohydrates, �37.4%

for protein and �53.1% for fat, confirming a decrease in

dietary intake. Notably, however, a few patients have a

positive change in consumption, particularly in fat intake

(one patient had an increase of 1489%).

Analysis of biochemical parameters

By week 9, haemoglobin levels were significantly reduced

(see Supporting information, Table S1); in addition,

62.8% of patients had low haemoglobin levels by the

same time. Median albumin was maintained throughout

treatment, and patients with low albumin levels remained

constant. Lymphocyte and neutrophil counts were

reduced during treatment; indeed, all patients developed

lymphopenia (data not shown). Acute haematological

toxicity, including anaemia, has been described previously

in cervical cancer patients undergoing concomitant treat-

ment with cisplatin-based chemoradiotherapy (27).

Decline of the nutritional status of locally advanced

cervical cancer patients throughout treatment

The nutritional status of each patient was thoroughly

analysed before, during and after treatment, as described

above (Fig. 2). The nutritional risk according to the PG-

SGA score is described in Fig. 2a. Patients were classified

as well-nourished (PG-SGA A), moderately malnourished

(PG-SGA B) and severely malnourished (PG-SGA C).

The percentage of patients with PG-SGA A was dramati-

cally reduced during and after treatment. Most patients

developed PG-SGA B in the course of treatment, and a

smaller percentage developed PG-SGA C. Before treat-

ment began, no patients were malnourished, 50.9%

patients were overweight and 20% were obese; it is

important to note that 30.9% patients arrived with a

normal, well-nourished nutritional status (Fig. 2b). As

patients received concomitant treatment, their nutritional

status declined in such a way that, during treatment,

54.5% became malnourished and, by the end of treat-

ment, 69.1% patients were malnourished. Only 23.6%

patients presented an adequate nutritional status by

week 9 and 7.3% were overweight. Body composition

analysis based on CT images is shown in Fig. 2c, for

three different patients before and after treatment. These

images clearly show that patients became highly cata-

bolic. Patient 1 lost tissue from the three compartments

(muscle, visceral and subcutaneous adipose tissues);

patient 2 is representative of patients who lost muscle

and subcutaneous fat but maintained visceral adipose

tissue. The third patient represents a classical cachectic

patient, almost completely depleted of muscle and adi-

pose tissues. In Fig. 2d, the percentage change in body

composition is shown. There is a negative balance in all

compartments and BMI. The median loss is �5.5% for

SMI, �17.2% for SATI, �17.7% for VATI and �6.5%

for BMI. It is important to note the wide range for the

adipose tissue compartments (subcutaneous and vis-

ceral). Some patients gain up to 44% SATI and up to

241% VATI; for SMI and BMI, patients gain up to

20%.

Table 2 Anthropometric analysis of cervical cancer patients during treatment

Measurement Week �2 Week +3 P† Week +9 P‡

Weight (kg)* 62.7 (42.9–103.7) 57.8 (41.3–98.9) 0.001 55.3 (37–96.7) 0.001

%IBW* 119.9 (85.1–157.9) 112.3 (80.1–150.6) 108 (74.4–147.2)

%WL* 5.3 (�5.5 to 13.6) 7.5 (�1.8 to 22.6) 0.001

>5 %WL n (%) 28 (50.9) 43 (78.2)

2–5 %WL n (%) 17 (30.9) 8 (14.5)

<2 %WL n (%) 5 (9.1) 2 (3.6)

Body mass index (kg m–2)* 27.6 (19.6–36.3) 25.8 (18.4–34.6) 0.001 24.9 (17.1–33.9) 0.001

Waist-to-hip ratio* 0.8 (0.76–1.02) 0.8 (0.7–0.9) 0.117 0.8 (0.6–0.9) 0.406

Cardiovascular risk n (%) 50 (90.9) 47 (85.5) 46 (83.6)

*Data presented as median (range).
†Statistical difference among first (week �2) and second (week +3) evaluations.
‡Statistical difference among second (week +3) and third (week +9) evaluations. Wilcoxon test.

IBW, ideal body weight; WL, weight loss.
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To evaluate the impact of dietary intake on body

composition, a correlation analysis was made between

the change for each dietary parameter and the change

for each component of body composition. Because some

patients develop severe sarcopenia, whereas other

patients remain stable or even gain muscle mass, we

divided the patients into two groups. The first group

included patients who lost ≥10% SMI (16 patients). The

second group included patients who remained stable or

gained (lost <10% or gained SMI). We performed the

correlation analysis for each group (see Supporting

information, Fig. S2). In the group of patients who lost

≥10%, we found no correlations except for a negative

correlation between the change in adipose tissue and

change in fat intake (VATI, r = �0.44; SATI, r = �0.47;

TATI, r = �0.44; P < 0.05). In the group of patients

who remained stable or gained muscle tissue, a positive

correlation was found between the change in energy

intake and SATI (r = 0.3, P < 0.05). Also, positive corre-

lations were found in this group between change in car-

bohydrates intake and all body composition

compartments (BMI, r = 0.31; SMI, r = 0.29; VATI,

r = 0.35; SATI, r = 0.47; TATI, r = 0.47; P < 0.05). We

found no correlations between change in skeletal muscle

and change in any dietary component.

Next, we analysed the behaviour of each patient using

a scatter plot analysis. In Fig. 3a, we observe that, before

treatment, the median BMI is 27 (20–37), median SMI is

40.8 (30.4–55.3), median SATI is 86.9 (31.4–206.1) and

median is VATI 40.2 (4.8–107.6). Dots circled in black

represent patients with sarcopenia. According to the cut-

off value of SMI <38.5 reported for women by Prado

et al. (12), 33.3% patients present sarcopenia by the time

of diagnosis, and almost half of these are overweight. In

Fig. 3b, we can observe that after treatment the patient

population moves to the bottom left, the median for all

indices are significantly reduced, BMI is 25 (16–34), SMI

is 37.9 (18.3–52.6), SATI 72.2 (6.6–167.9) and VATI 32.3

(3.8–69.9). After treatment, 58.3% patients develop sar-

copenia; some of these patients who develop sarcopenia

are obese according to a BMI ≥30 and also present high

visceral and subcutaneous adiposity.

Loss of skeletal muscle index is associated with a higher

risk of tumour recurrence

We observed that some patients are highly catabolic ener-

getically, developing severe sarcopenia and losing more

than 10% muscle tissue (16 patients); on the other hand,

some patients do not lose or may even gain muscle tissue;

thus, we aimed to determine whether highly catabolic

patients behave differently in terms of tumour recurrence

and overall survival compared to patients who are stableT
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or patients who gain muscle. Figure 4a shows that patients

who lose ≥10% muscle have a higher risk of tumour recur-

rence (hazard ratio = 2.957; P = 0.006). Figure 4b shows a

tendency towards reduced overall survival for patients who

lost ≥10% muscle, although this was not statistically signifi-

cant (hazard ratio = 2.572; P = 0.06). It is important to

note that there was no difference in terms of tumour recur-

rence and overall survival for patients who lost ≥10% sub-

cutaneous adipose tissue (recurrence hazard ratio = 1.64,

P = 0.25; survival hazard ratio = 3.1, P = 0.05) or visceral

adipose tissue (recurrence hazard ratio = 0.95, P = 0.9;

survival hazard ratio = 1.31, P = 0.56).

Discussion

Studies that have evaluated the nutritional status of

gynaecological cancer patients include endometrial,

ovarian, cervical and breast cancers (4,22,25,26,28,29); because

these tumours behave in a different manner, the implica-

tions on the nutritional status of patients vary. For exam-

ple, women with endometrial cancer tend to have a

higher prevalence of obesity, whereas women with ovarian

cancer tend to be severely malnourished. Other studies

that have analysed the nutritional status of cervical cancer

patients have focused on anthropometric and body com-

position parameters, before and after treatment (13,16).

Several nutritional parameters such as subjective mea-

sures, prognostic nutritional index (5), albumin, transfer-

rin, haemoglobin and anthropometric measurements,

including weight and BMI, have been used separately to

assess the nutritional status of gynaecological cancer

patients (4,28–31). The present study evaluated the change

in nutritional status of patients with LACC throughout

oncology treatment, analysing all aspects of nutritional

Figure 1 Dietary intake of locally advanced cervical cancer (LACC) patients decreases during treatment. Dietary evaluation of LACC patients was

performed before (week �2), during (week +3) and after (week +9) treatment. (a) Total energy intake. (b) Total carbohydrate intake. (c) Total

protein intake. (d) Total fat intake. (e) Percentage change between first (week �2) and third (week +9) evaluations for energy (blue dots),

carbohydrates (brown dots), protein (red dots) and fat (orange dots) intakes; line at median. Bars represent median (range). ****P < 0.0001.
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evaluation (anthropometric, dietary, biochemical and

change in body composition).

On the first evaluation, no patients were malnourished,

and this is consistent with other studies showing that,

upon diagnosis, malnutrition is more common among

patients with ovarian cancer compared to other types of

gynecological cancer (5,28). Even so, body composition

analysis revealed that some of the patients presented sar-

copenia, masked by a normal or high BMI; indeed, most

patients were overweight, which is consistent with the

high prevalence of overweight and obesity in Mexico

(75.6% for Mexican women by 2016 (17)).

Involuntary weight loss is a strong predictor of negative

outcomes irrespective of magnitude, speed and underlying

cause (21). In this sense, patients with highly catabolic dis-

eases may in 3–6 months lose >10% of their weight and

still have BMI values above normal ranges. Moreover, can-

cer cachexia is defined by either weight loss >5% alone, or

weight loss >2% if BMI is reduced (<20 kg/m2) or skeletal

muscle mass is reduced (32). During and by the end of

treatment, 50% and 78% patients, respectively, presented

weight loss >5%. Even so, most patients were overweight

during treatment. It is common for overweight and obese

subjects to be malnourished in the setting of disease (33).

Other studies have reported that a lower lean body mass is

associated with treatment-induced haematological toxicity

in lung cancer patients, which may be a result of higher

doses of chemotherapy per kg of lean body mass (34–36).

This is consistent with our findings of anaemia and lym-

phopenia in our patients.

The weight loss that we observed at weeks 3 and 9 was

consistent with the loss of appetite reflected in the

reduced caloric intake of patients. Patients reported early

satiety and energy intake diminished significantly during

treatment (not before). The %AEI was 87% before treat-

ment and 55% by week 3. Also, intake of carbohydrates,

protein and fat by patients diminished significantly dur-

ing and by the end of treatment. Therefore, we consider

anorexia to be a result of treatment, particularly radiation

to the abdominal-pelvic area. Indeed, radiotherapy to pel-

vic tumours carries the risk of pelvic radiation disease, a

condition that encompasses a constellation of gastroin-

testinal symptoms that limit food intake in patients (3,37).

Most patients reported that they intentionally diminished

Figure 2 Locally advanced cervical cancer (LACC) patients become malnourished during oncology treatment. Nutritional status of locally

advanced cervical cancer patients was evaluated before (week �2), during (week +3) and after (week +9) treatment. (a) Patient Generated-

Subjective Global Assessment (PG-SGA). Stacked bars represent the percentage of patients scored as PG-SGA A (no nutritional risk, white bar),

PG-SGA B (moderately malnourished, grey bar) or PG-SGA C (severely malnourished, black bar). (b) Percentage of patients for each nutritional

diagnosis: malnourished (Malnour, black bars); normal or well-nourished (Nor, dark grey bars); overweight (Overw, light grey bars); or obese (Ob,

white bars). (c) Body composition analysis example using computed tomography images from three patients (Pt 1, Pt 2 and Pt 3), before (Time 1,

top row) and after (Time 2, bottom row) treatment. Skeletal muscle area is indicated in red, visceral adipose tissue area is indicated in yellow and

subcutaneous adipose tissue area is indicated in blue. The bottom of the image indicates the mass loss (kg) for each tissue between Time 1 and

Time 2. (d) Percentage change per 200 days of SMI (red bar), subcutaneous adipose tissue index (SATI) (blue bar), visceral adipose tissue index

(VATI) (yellow bar) and body mass index (BMI) (purple bar); median (range) are indicated in each bar.
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food intake to avoid gastrointestinal symptoms. This is

counterproductive because patients with malnutrition

tend to get more gastrointestinal toxicity during radio-

therapy (38).

The dietary recommendations that patients received

promote a higher intake of carbohydrates over fat and

protein. Even so, we demonstrated a reduced intake of all

macronutrients during and after treatment, with an

important decrease of 53% of fat intake. Because fat is

more energetically dense than carbohydrates, we propose

that this reduction in fat intake hinders the opportunity

for patients to maintain an adequate energy intake and

maintain body weight. Surprisingly, there was no correla-

tion between change in energy intake and change in BMI.

It was also interesting that we found no correlation

between change in SMI and change in protein intake. In

the case of patients who were severely depleted, this find-

ing could be explained by the observation that in refrac-

tory cachexia diet alone is not able to reverse muscle

loss (32). Accordingly, it is possible that several factors are

contributing to the catabolic state of patients, including

tumour metabolism, the cancer treatment itself and

inflammation. An interesting observation is that, in the

group of patients who lost ≥10% muscle, the correlation

graphs show patients in a negative balance for both diet-

ary intake and body composition, whereas, in the group

of patients who remained stable or gained muscle, we

observed a tendency towards a positive balance in dietary

intake and body composition. We also demonstrated that

carbohydrates are positively correlated with change in

body composition in patients who remained stable and

gained muscle tissue. This is an important finding for

future studies that aim to prevent a loss in body compo-

sition with dietary interventions.

Our findings are opposite to those in rectal cancer

patients; even though there is a transient reduction in

energy intake during radiotherapy (15%), the percentages

of energy derived from fat, protein and carbohydrates did

not change for rectal cancer patients (39). It is interesting

to note that, in rectal cancer patients, fibre intake does

not change (14.4 g by the end of radiotherapy) and, even

though patients presented diarrhoea, mean weight loss

was only 1 kg (39). This suggests that the reduction in

fibre and fat intake to reduce diarrhoea may be

Figure 3 Locally advanced cervical cancer (LACC) patients loose

muscle and adipose tissues after treatment. Scatter plot of LACC

patients indicating skeletal muscle index (SMI) (red dots),

subcutaneous adipose tissue index (SATI) (blue dots) and visceral

adipose tissue index (VATI) (yellow dots) for each patient according to

body mass index (BMI), before treatment (a) and after treatment (b).

Red dotted line indicates median SMI, blue dotted line indicates

median SATI, yellow dotted line indicates median VATI and black

dotted line indicates median BMI. Dots circled in black represent

sarcopenic patients. **Difference of median BMI before versus after

treatment, P < 0.005. *Difference of median SMI, SATI and VATI

before versus after treatment, P < 0.05.

Figure 4 Muscle loss confers a higher risk for tumour recurrence. (a) Tumour recurrence of patients who lost ≥10% skeletal muscle and patients

who remained stable or gained ≥10% skeletal muscle. (b) Survival of patients who lost ≥10% skeletal muscle and patients who remained stable

or gained ≥10% skeletal muscle. **P = 0.006.
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unnecessary, and even contribute to the development of

malnutrition. We suggest that an effort to maintain an

adequate energy intake and nutrient proportion, notwith-

standing gastrointestinal symptoms, may protect the

nutritional status of patients.

The risk of malnutrition, identified by screening tools,

is in itself a condition related to increased morbidity and

mortality (33). The change that we observed in the nutri-

tional status of women with cervical cancer was stagger-

ing. By the end of treatment, most patients were

malnourished, as can be observed in the nutritional diag-

nosis analysis of patients (Fig. 2b), which is consistent

with the PG-SGA that clearly shows the increase in mal-

nourished patients (Fig. 2a). A study performed in Brazil

demonstrated that gynaecological cancer patients having

some degree of malnutrition, according to the PG-SGA,

had a significantly lower median survival rate. Further-

more, diagnosis of cervical cancer and severe malnourish-

ment increases the likelihood of death (25).

Our data strongly suggest that, although adipose tissue

loss is an indicator of a negative energy balance, it is not

in itself an adequate indicator of malnutrition in LACC

patients. We observed that most patients loose both vis-

ceral and subcutaneous adipose tissues, although some

patients gain ≥10% adiposity, even in the presence of sar-

copenia (Fig. 3). Furthermore, when we analysed the

impact of adipose tissue loss on tumour recurrence and

overall survival, we observed that there is no association.

According to our data, regardless of adipose tissue loss,

skeletal muscle loss confers a poor prognosis for LACC

patients because it increases the risk of tumour recurrence

and tends to diminish overall survival (Fig. 4), which is

consistent with other studies (11–13,40–42). We did not

measure physical activity in LACC patients, although our

data suggest that change in dietary intake of protein is

not related to change in skeletal muscle, and so we pro-

pose that physical activity in addition to an adequate pro-

tein intake may prove more efficient than diet alone to

preserve skeletal muscle mass.

This phenomenon of malnutrition in the presence of

excess adiposity reflects the trend toward obesity that the

Mexican population is experiencing and may mask skele-

tal muscle wasting in cancer patients (10,15,43). The excess

adiposity may also contribute to and worsen the inflam-

matory process, which is associated with the development

of cancer cachexia and a poor prognosis (44,45). The global

trend toward overweight and obesity renders the need to

perform a complete nutritional evaluation of oncology

patients increasingly important. Also, we consider that

the increase in carbohydrate intake in the diet of LACC

patients may have contributed to the increase in adiposity

in some patients. Accordingly, we propose that, besides

the thorough nutritional evaluation in these patients, the

dietary intervention should focus on protein intake and

fat (mainly derived from anti-inflammatory omega-3 fatty

acids), in addition to an increase in physical activity, aim-

ing to protect skeletal muscle mass and prevent the

increase of visceral adipose tissue and inflammation.

There are some limitations to our work. A useful mea-

surement would have been inflammatory markers in the

blood throughout treatment; these would have helped

understand the association between nutritional status and

inflammatory response. We did not measure gastrointesti-

nal toxicity in these patients, which could help explain

the dietary changes that we observed, as well as the asso-

ciation of toxicity with body composition.

In conclusion, the present study demonstrates that

women with LACC that undergo concomitant chemora-

diotherapy become malnourished; some patients develop

severe sarcopenia associated with a poor prognosis.

Therefore, it is imperative to establish an adequate nutri-

tional intervention to improve the nutritional status of

LACC patients.
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Abstract

Background: The use of home parenteral nutrition (HPN) for palliative

indications is increasing internationally and is the leading indication in

some countries. Discharge on HPN can be complex in metabolically unsta-

ble patients and requires intestinal failure expertise.

Methods: Between 2012 and 2018, we performed a retrospective analysis aim-

ing to assess the impact of a novel remote discharge pathway for palliative

HPN patients. This was evaluated using a quality improvement approach.

Results: One hundred and twenty-five patients with active malignancy

[mean (range) age 58 (25–80) years] were referred to the intestinal failure

unit (IFU) for remote discharge. Of 82 patients were discharged from the

oncology Centre on HPN using the pathway. The remaining 43 patients

either declined HPN or the Oncology team felt that the patient became too

unwell for HPN or died prior to discharge. There was an increase in

patients referred for remote discharge from 13 in 2012 to 43 in 2017. The

mean number of days between receipt of referral by the IFU to discharge on

HPN from the oncology centre reduced from 29.4 days to 10.1 days. Fol-

lowing remote discharge, the mean number of days on HPN was 215.9 days.

Catheter-related blood stream infection rates in this cohort were very low at

0.169 per 1000 catheter days.

Conclusions: This is the first study to demonstrate the remote safe, effective

and rapid discharge of patients requiring palliative HPN between two hospi-

tal sites. This allows patients with a short prognosis more time in their

desired location.

Introduction

Parenteral nutrition (PN) is indicated for patients whose

digestive tract is not functional. A 2008 review of use in

Canada reported advanced cancer as the fastest growing

indication for the use of PN (1). Bowel obstruction was the

commonest indication for initiating home PN (HPN) and

ovarian cancer was the most prevalent malignancy (1).

Significant global variations in the use of HPN persist (2)

and, as a result, the European Society for Clinical Nutri-

tion and Metabolism (ESPEN) published guidelines for

the use of artificial nutrition in patients with cancer (3,4).

ESPEN guidance recommends ‘PN may be recommended

in incurable cancer patients who cannot be fed orally or

enterally: (i) if they are estimated to die sooner from star-

vation than from tumour progression (typically because

of intestinal obstruction and/or aphagia); (ii) if their per-

formance status and quality of life are acceptable; and

(iii) if there is strong patient and family motivation for a

demanding procedure the success of which has not yet

been fully validated’ (3). Randomised prospective trials in

patients with insufficient/inability to achieve adequate
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oral intake are unlikely to achieve ethical approval, given

the need for a non-PN control arm. There are clearly other

considerations that need to be taken in to account, includ-

ing the presence of a good support system and palliation of

other cancer-related symptoms, which may include gas-

trointestinal venting, as well as local infrastructure and

reimbursement for HPN in this setting. There are a number

of studies that report improved quality of life in patients

receiving palliative HPN, particularly in those people surviv-

ing more than 3 months (1,5–11). UK HPN service specifica-

tion states that, to be accepted for PN, life expectancy

should exceed 3 months. Such patients should remain pri-

marily under the care of an oncologist or palliative care

team, as well as their General Practitioner (GP), and that

the IF service will only be responsible (clinically and finan-

cially) for the management of HPN (12).

Discharge on HPN can be complex clinically and

socially and requires intestinal failure expertise (13,14),

although the increasing use of HPN in the palliative set-

ting can lead to increased pressures on bed occupancy in

intestinal failure units (IFU). ESPEN and British Intesti-

nal Failure Alliance (BIFA) guidance advises the use of

dedicated IFUs for the management of type II and III

intestinal failure (IF) (14–16). The increasing utilisation of

HPN in the palliative setting is therefore set to increase

the demand on such services. The centralisation of oncol-

ogy and IF care in many healthcare systems necessitates

referral and potential transfer between such specialist cen-

tres, which are often not co-located in the same hospital.

The remote discharging of patients, so obviating the need

for transfer and admission to an IFU, is therefore an

attractive option for patients, along with both the refer-

ring oncology centres and accepting IFUs. Moreover,

many patients will have limited life expectancy and so

prompt discharge increases the use of precious time in

the home environment, not least because the use of PN

in a palliative setting is an independent risk factor for an

increased length of hospital stay (17).

We developed a novel remote discharge pathway for

patients referred to our IFU from a regional oncology

centre. The present study describes the process of path-

way development, implementation and its impact upon

service utilisation.

Materials and methods

We performed a retrospective evaluation of a remote dis-

charge pathway for patients requiring palliative HPN in a

regional oncology centre (The Christie NHS Foundation

Trust) 10 miles from the IFU. Data were collected from

April 2012 to March 2018. Quality Improvement (QI)

methodology was used to modify and adapt the remote

discharge pathway. Team members were able to identify

areas in which to conduct plan–do–study–act cycles to

test ideas for change (18). The study formed part of ser-

vice evaluation required as part of developing a new

patient pathway/process and therefore formal ethical

approval was not required because it was registered with

the relevant trust bodies.

Key measure of improvement

The primary outcome of interest was the interval between

referral to the IFU until discharge from the oncology cen-

tre. The aim had been to achieve a 50% reduction in this

parameter over the lifetime of the study.

Data collection and analysis

Data were collected continuously and collated in EXCEL

spreadsheets (Microsoft Corp., Redmond, WA, USA), and

then retrospectively analysed at study end. The generation

of statistical process control (SPC) charts provided infor-

mation about system variation; extreme variation is inter-

preted as ‘special cause’ variation in the system, referring

to extreme outliers to the pathway process. Data were anal-

ysed using run charts and SPC charts produced using QI

MACROS (KnowWare International Inc., Denver, CO, USA).

X-bar charts were used to plot the number of referrals.

Clinical process for home parenteral nutrition discharge

Upon receipt of referral from the oncology centre (point

a in Fig. 1), the clinical information received is collated

by the IFU team and the patient is added to the IFU

waiting list (point b in Fig. 1). Once the complete set of

required clinical information is received from the oncol-

ogy centre by the IFU, the patient completes their time

on the waiting list component and progresses to the next

component of the pathway and the remote discharge is

activated (point c in Fig. 1). The IFU team then evaluate

the clinical, nutritional and biochemical status of the

patient, along with the appropriateness of central venous

access, before finalising the treatment plan, and the

intended PN prescription for home discharge is then gen-

erated (point d in Fig. 1). Concurrently, a homecare

company is appointed and the relevant installations of a

fridge and ancillaries (equipment required to administer

PN) occur at the patient’s home, with the appointment

of nurse-led central venous catheter (CVC) care. There-

after, the oncology team optimise the patient’s discharge

plans for home, addressing any relevant clinical and social

requirements for safe discharge (point e in Fig. 1). The

complete process pathway can be seen in Fig. 1.

The final working process was developed over the

course of the study period, with constant collaboration
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between the IFU and oncology centre. This was imple-

mented with tests of change and appropriate revisions to

the pathway dependent upon process measures and out-

comes. This included modification of the referral pathway,

the different clinical information to be relayed and raising

awareness of the pathway process in the oncology centre.

Initially, there was no structured process for establishing

HPN for patients with malignant bowel obstruction.

Referrals were largely made on an ad hoc basis, by individ-

ual oncologists when required. Collaboration between the

two centres to develop the collective information required

to establish HPN included the centralisation of the referral

process from the oncology centre, with one point of con-

tact for all referrals made by the oncology centre (nutri-

tion nurses), thus streamlining communication. This

included optimisation of the CVC for PN, in accordance

with patient needs, in some instances taking into consider-

ation potential life expectancy. Data on fluid balance were

requested as a key component of the referral information

to generate the HPN prescription at the IFU. Tests of

change were used to modify the referral process over time

to ensure accurate transfer of relevant clinical information.

Regular meetings were organised between the oncology

centre and IFU to review the recorded measures and

impact of tests of change.

Results

Total referrals to intestinal failure units with benign and

malignant conditions

There was a significant increase in the number of patients

referred each year to the IFU over the study period, includ-

ing referrals from the oncology centre, as well as referrals

from other hospitals for other (including patients with

benign disease) indications, equating to a 64% increase in

annual referral numbers (Fig. 2). New ways of working or

streamlining current processes to improve efficiency were

therefore required to cope with increasing demand.

Patients referred for palliative home parenteral nutrition:

demographics and parenteral nutrition requirements

Between April 2012 and March 2018, 125 patients were

referred from the oncology centre for remote discharge

on HPN. Of these, 82 were remotely discharged on HPN.

The remaining 43 patients either declined HPN, the

oncology team felt the patient had become too unwell for

HPN or the patient died prior to its implementation.

Over the study period, there was a more than two-fold

increase in the number of annual referrals for remote dis-

charge on HPN (Fig. 3), with the largest rise occurring

from 2016 onwards.

Patient demographics and underlying oncological diag-

noses can be seen in Table 1. Gynaecological malignancy

was the most frequent, with ovarian cancer accounting for

51%. Those discharged remotely on HPN had a mean

(range) of 7 (5–7) nights PN, a mean (range) daily volume

of 2093 (1500–3500) mL and a mean (range) of 1713

(750–2200) daily calories. The mean (range) age of patients

referred for remote discharge was 57.8 (25–80) years.

Impact of quality improvement upon waiting time from

referral to discharge (points a–e)

At the start of the study, in 2012, the mean number of

days between receipt of the referral by the IFU from the

Figure 1 Patient pathway for referral and remote discharge for palliative home parenteral nutrition (HPN).
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oncology Centre to the patient being discharge on HPN

was 29.4 (29) days. Following a series of improvement

measures across the patient pathway, as outlined below,

this was reduced to 10.1 days (Fig. 4). To achieve this

reduction and expedite discharge during the study period,

it was important to evaluate the delays at multiple steps

along the referral pathway (Fig. 1) so that potential delays

and associated reasons could be addressed at each time

point by the oncology centre and IFU.

Pathway points a–c
Over the study period, there was a reduction in the time

spent on the waiting list from 8.4 to 1.0 days (Fig. 5).

Ensuring adequate information [including fluid balance

and CVC optimisation (e.g. type of CVC placed at oncol-

ogy centre and checking the position of the central

venous catheter tip on chest X-ray)], in the referral path-

way was pivotal to achieving the improvement. This was

also helped by refining the pathway so that all clinical

information required was available at the point of refer-

ral, centralising the referral process at the oncology centre

and adopting a standardised proforma to minimise miss-

ing information. Processing of the referral on the day of

receipt and institution of a regular waiting list review

meeting in the IFU further reduced the associated time

spent on the waiting list.

Points b–d
There was improvement in the time taken to generate

the final HPN prescription following the patient being

added to the IFU waiting list (Fig. 6). This was

achieved by closer working and regular communication,

including via e-mail, with the nutrition team in the

oncology unit, so that information transfer was acceler-

ated between the two centres (e.g. earlier agreement of

parenteral support volume and nutritional/electrolyte

components; earlier identification of an appropriate

homecare company).

Figure 2 Statistical process control (i) chart

demonstrating the total number of patients (with

benign and malignant conditions) referred annually

to the intestinal failure unit. CL, centre line (mean);

UCL, upper control limit; LCL, lower control limit.

Figure 3 Statistical process control (i) chart for the

number of patients referred annually for remote

discharge on home parenteral nutrition from the

oncology centre. CL, centre line (mean); UCL, upper

control limit.
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Points d–e
Following finalisation of HPN prescription, the discharge

processes in the oncology centre and logistic of setting up

HPN requirements with the homecare company required

a streamlined approach between the HPN centre and the

homecare companies, facilitating earlier installation of

equipment at the patients’ homes and earlier readiness of

homecare companies to provide relevant nursing support

at home.

Clinical outcomes and survival

Following remote discharge and establishing HPN, the

mean number of HPN days was 215.9 (1–2032; 95% con-

fidence interval = 133.4–298.3), representing a total num-

ber of HPN/catheter days of 17 706. During the study

period, there were three recorded HPN catheter-related

bloodstream infection (CRBSI) episodes, giving an overall

CRBSI rate of 0.169 per 1000 catheter days. By the end of

the study, there had been 67 deaths from the 82 patients

remotely discharged. The mean (range) number of days

from discharge to death was 134.8 (1–1715) days (Fig. 7).
Nine patients were still on HPN at the close of the study

and the remaining six patients came off PN during the

study period. These patients were subsequently discharged

from the HPN service because they were no longer receiv-

ing HPN. Cessation of HPN was either at the request of

the patients or a clinical decision that based upon the

HPN no longer being required or clinically appropriate.

Following a patient’s remote discharge, all patients were

routinely offered outpatient appointments. Ninety-day

survival/time spent on HPN varied according to the

underlying malignancy (Fig. 8).

Discussion

Patients with advanced malignancy can benefit from

palliative HPN (3,4,13). However, with the regional

Table 1 Patient demographics and oncological diagnosis for all

referrals and those remotely discharged on home parenteral nutrition

(HPN)

n = 125 referred n = 82 on pathway

Sex

Male 24 16

Female 101 66

Age Mean age 58 (25–80) Mean 57 (24–80)

Malignancy

Ovarian 60 41

Peritoneal 9 7

Colorectal 9 7

Gastric 8 5

Lymphoma 7 2

Neuroendocrine

tumour

6 4

Pseudomyxoma 5 4

Breast 4 3

Endometrial 4 3

Bladder 3 3

Unknown 2 2

Cervical 2 0

Oesophageal 1 0

Pancreatic 1 0

Sarcoma 1 1

Squamous cell skin 1 0

Gynaecological 63 44

Gastrointestinal 28 23

Other 31 15

‘Referred’ patients indicates the total number of patients referred for

HPN and the ‘on pathway’ indicates those who were ultimately dis-

charged on HPN.

Figure 4 Statistical process control (X-bar) chart

showing average number of (working) days between

referral and remote home parenteral nutrition

discharge (points a to e on discharge pathway),

presented annually.
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streamlining of specialised service delivery, oncology units

and IFUs are not always co-located on the same hospital

site. This geographical separation can lead to inequity of

access to therapies, including HPN, along with delays in

care pathway delivery and discharge from hospital. Further-

more, the prevalence of IF as a result of benign and malig-

nant disease is increasing in the UK (19) and elsewhere (20),

placing increasing pressures on stretched services with finite

resource in healthcare economies. We demonstrated that

the application of QI methodology can streamline and

improve working between large regional and national cen-

tres. This was on a background of increasing annual refer-

rals for establishment of palliative HPN to our centre from

the referring oncology centre and a progressive annual

increase in total referrals to the IFU from other hospitals.

We saw major improvements in the time that patients

spent on the waiting list, as well as time taken to generate

HPN prescriptions, set up ancillaries and care at home,

ultimately yielding a more than 50% reduction in the time

between referral and remote discharge home on PN. Strate-

gies such as our remote pathway are clearly beneficial to

managing increasing service pressures. Importantly, imple-

mentation of the remote discharge pathway did not impact

negatively on quality outcomes including low CRBSI rates

and unplanned re-hospitalisations (14).

Minimising time waiting for palliative HPN to be

established is paramount because the use of HPN can

allow precious time at home with family and friends.

Using a ‘remote discharge’ approach, we have demon-

strated a reduction of approximately 20 days in the time

that patients waited for HPN to be established. Thus, the

use of the remote discharge system not only allows

patients with a limited life expectancy more time at

home, but also improves bed capacity at the referring

Figure 5 Statistical process control (i) chart

demonstrating sustained reduction in average

(working) days spent on waiting list following referral

to the intestinal failure unit (point a to c of discharge

pathway represent time on the waiting list). CL,

centre line (mean); UCL, upper control limit; LCL,

lower control limit.

Figure 6 Statistical process control (i) chart

demonstrating a sustained reduction in the number

of days between a patient being active on the

intestinal failure unit waiting list and generation of

final home parenteral nutrition prescription (point b

to d of discharge pathway). CL, centre line (mean);

UCL, upper control limit; LCL, lower control limit.
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oncology centre and prevents unnecessary admissions to

the IFU. Furthermore, 34% of the total number of

patients referred for remote discharge were ultimately not

discharged on HPN. This was either because of clinical

deterioration, patient choice and/or the medical team

feeling HPN was no longer required. The remote pathway

therefore not only prevented inappropriate admissions to

the IFU, but also prevented inappropriate discharge on

HPN for individuals unlikely to benefit.

At the same time as improving quality of life, palliative

HPN can also be life prolonging. With their systematic

review, Naghibi et al. (9) reported a mean survival of

116 days, with 45% and 24% still alive at 3 and 6 months,

and only 2% survival at 1 year. We report that the mean

number of HPN days was 215.9 days, suggesting that the

majority of the patients remotely discharge survived more

than 3 months after discharge, which is a desirable mea-

sure indicated by ESPEN and BIFA guidance (3,13). We

found that over 50% of those referred with gynaecological

malignancy did not reach the 3 months of HPN, whereas

80% of pseudomyxoma patients did. Orrevall et al. (11)

reported that patients who require palliative HPN are

willing to accept the inherent risks associated with its use

because HPN is often considered as a positive alternative

to their current status or death. Furthermore, CRBSI rates

for patients receiving HPN vary significantly between

units around the world. We have previously reported a

rate of 0.21 per 1000 catheter days for all patients dis-

charged from our service subsequent to 2011 (21),

whereas other studies have reported rates as high as 11.5

per 1000 catheter days (22–31). Studies demonstrating the

improvement in quality of life with the use of palliative

HPN report that reduced readmission rates are of partic-

ular importance, such that avoidance of HPN-related

complications, including catheter infections, remains a

very pertinent issue (5–7,10,11,32). Thus, the CRBSI rate of

0.169 per 1000 catheter days reported in the present

study is key to avoiding admissions and maintaining

quality of life, at the same time as emphasising the

importance of meticulous catheter care protocols.

Despite increasing annual referrals to our centre for

palliative HPN, the implementation of a remote discharge

pathway allowed for a significant reduction in the time

taken to discharge a patient on HPN. Efficient pathways

Figure 7 Kaplan–Meier survival chart for the patients

remotely discharge on palliative home parenteral

nutrition.

Figure 8 Bar chart demonstrating the number of

patient receiving home parenteral nutrition (HPN) for

<90 and >90 days following remote discharge

according to underlying malignancy.
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are important in modern healthcare systems and econo-

mies, particularly for those operating on a regional or

supraregional referral level. Such services are seeing

increasing demand and must adapt to maintain high

standards of patient care.
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Abstract

Background: Rates of cancer survival are increasing, with more people liv-

ing with and beyond cancer. Lifestyle recommendations for cancer survivors

are based largely on extrapolation from cancer prevention recommenda-

tions. The present study aimed to systematically review the literature on

randomised controlled trials (RCTs) focusing on healthy eating interven-

tions in people with colorectal cancer (CRC).

Methods: A structured search of electronic databases was conducted in

March 2018 using medical subject headings (MeSH) and text words related

to CRC and diet. The results of the literature searches were uploaded to

online software for data management. Titles and abstracts were screened

based on the inclusion and exclusion criteria and data were extracted. Qual-

ity of data was assessed using the Cochrane Handbook.

Results: Seven studies were identified, including six RCTs and one RCT

protocol, with a total of 2233 participants from six studies, of whom 1010

(45%) had CRC. Three studies assessed anthropometrics demonstrating par-

ticipants who received dietary intervention had a greater reduction in mea-

surements. Six studies assessed changes in dietary components; however,

only one demonstrated an increase in dietary fibre. Two studies reported

improvements in quality of life favouring dietary intervention groups.

Conclusions: The quality of identified studies was variable, with limited evi-

dence to support dietary intervention improving dietary intake in people liv-

ing with or after CRC. Studies to date have not been based on robust study

design that has combined all dietary interventions linked to CRC. As a result

of the heterogeneity of the studies identified, it was difficult to draw strong

conclusions.

Introduction

Cancer is the second leading cause of death globally, with

around one-third of deaths from cancer being the result

of behavioural and dietary risks (1). Colorectal cancer

(CRC) is the third most common cancer in males and

females in England, with 34 952 new cases in 2016 (2).

Fifty-four percent of CRC occurrences are considered

to be preventable, demonstrating that there is a strong

correlation with lifestyle factors (3). A recent report by the

World Cancer Research Fund and American Institute of

Cancer Research (WCRF/AICR) on diet, physical activity

(PA) and CRC reported numerous findings linking life-

style with primary prevention of CRC (4). Approximately

six out of 10 people diagnosed with bowel cancer in Eng-

land and Wales survive for 10 years or more and rates of

survival have more than doubled in the last 40 years (5).

Therefore, health promotion initiatives aimed at improv-

ing the well being of people who have survived cancer

may benefit the growing number of survivors.

The term ‘cancer survivors’ denotes all people who are liv-

ing with a diagnosis of cancer, and those who have recovered
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from the disease (6,7). The term is not universally accepted

and survivors are increasingly being referred to as people ‘liv-

ing with and beyond cancer’ (8). This covers a wide variety of

circumstances, comprising people at diagnosis, during and

post-treatment, and those with recurrence, therefore includ-

ing people with potentially differing nutritional needs. People

can be struggling with a poor nutritional intake as a result of

treatment side effects, or may need to optimise their nutri-

tional status preoperatively, or require advice post-treatment

for optimum recovery and rehabilitation (9,10). From qualita-

tive interviews, it has been demonstrated that, after cancer,

people want to change their intake and actively seek informa-

tion (11). However, compared to the vast amount of research

with respect to CRC and prevention, there is a paucity of

research on diet and lifestyle factors in people living beyond a

diagnosis of CRC in relation to effective diet and lifestyle

interventions.

The second WCRF and AICR expert report in 2007

undertook a systematic literature review to assess the role

of food, nutrition and PA in people diagnosed across a

range of cancer tumour groups (6). The report included

randomised control trials (RCTs) evaluating dietary inter-

ventions; however, no conclusions were drawn (6). This was

attributed to poor quality designs and the varying interven-

tion duration of the studies (6). The third WCRF and AICR

expert report in 2018 stated that new evidence had accrued

subsequent to the second report, although this was primar-

ily within breast cancer (7). Therefore, a review of the evi-

dence was undertaken in this group, leaving a gap in the

evidence base with regard to CRC (7).

The American Society of Clinical Oncology reported in

their clinical practice guidelines for CRC that there is

emerging data on the role of diet and lifestyle in secondary

prevention, albeit based on prospective observational stud-

ies rather than evidence from RCTs (12). The design of sec-

ondary prevention studies is generally based on specific

dietary interventions and PA that have been linked to the

aetiology of CRC (13). The strongest current evidence sug-

gests that risk is decreased by being physically active in

addition to having a higher consumption of wholegrains,

dietary fibre and dairy products (4). Risk is increased by the

consumption of red and processed meat, more than two

alcoholic drinks per day, and being overweight or obese (4).

This review aims to systematically review the literature

on RCTs focusing on healthy eating interventions in peo-

ple who are living with and beyond a cancer diagnosis

with CRC.

Materials and methods

Protocol

The protocol was registered on the international prospec-

tive register of systematic reviews, PROSPERO (Ref no

CRD42018091780) describing the proposed question and

methodology (14).

Search strategy

A structured search of electronic databases and registers

was conducted including MEDLINE, EMBASE, AMED,

CINAHL, PreMEDLINE, Cochrane Central Register of

Controlled Trials (CENTRAL) and Web of Science. The

search was performed in March 2018 using medical sub-

ject headings (MeSH) and text words related to diet and

CRC. Conference abstracts and posters were included in

the search. We also searched ClinicalTrials.gov and the

World Health Organization International Clinical Trials

registry platform to identify recent and ongoing studies.

Further relevant studies were extracted from reference

lists of identified studies. Authors were contacted if addi-

tional information was required. The search was rerun in

January 2019 and 28 new records were found, of which

one (13) was found to be relevant; however, this had

already been included.

The strategy for searching MEDLINE was prepared in

conjunction with an experienced librarian (see Supporting

information, Fig. S1) and this search was amended as

necessary for other databases.

There was no restriction on language or year of the

publication and only peer reviewed sources were

included. The search was limited to only human adult

studies.

Randomised control trials involving adults (18 years

or older) living with and beyond CRC diagnosis

receiving a healthy eating intervention were included.

Healthy eating intervention was defined as any dietary

modification in habitual diet of macronutrients includ-

ing fat, carbohydrate, protein, alcohol or vitamins and

minerals. Comparisons included in the review were

dietary intervention compared to usual care. Primary

or secondary outcomes included were: overall survival,

incidence of secondary malignancy or other cancer,

modified habitual diet habits to change total energy or

macronutrients or food items in line with healthy eat-

ing recommendations, change in body weight, compo-

sition or anthropometry.

Randomised control trials evaluating a single vitamin,

mineral or other dietary supplements without an inter-

vention to change participant’s habitual diet were

excluded. All nutrition support interventions including

enteral and parenteral nutrition were also excluded.

An amendment was made to the a priori protocol to

allow the inclusion of RCTs with a mixed cancer popula-

tion where the CRC participants were included as part of

the total population as a result of the limited number of

studies including only participants with CRC.
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Data extraction

The results of the literature searches were uploaded to

Covidence (https://www.covidence.org) where duplicates

were removed. The titles and abstracts were screened by

one researcher and full texts of selected abstracts were

obtained and screened for their eligibility by two

researchers. If a consensus could not be reached, a third

researcher’s opinion was obtained. Data extraction from

eligible studies was performed by one researcher and

checked by a second, and extracted data are shown in the

Supporting information (Tables S1 and S2). Quality of

data was assessed using the recommendations from the

Cochrane Handbook (15).

Data synthesis

If there were data reported that was suitable, this was

summarised using the mean and SD to calculate mean

differences (MD) and displayed using forest plots. For

data that were reported as continuous variables, we

planned to use an inverse variance random effects model.

Where data were not suitable for meta-analysis, a narra-

tive description is included.

Results

The initial search identified 491 studies with an additional

six studies found via manual searching. After 179 dupli-

cates were removed, 318 abstracts were screened and 309

were excluded. Subsequently, nine full texts were assessed

for eligibility; from these, seven were included (Fig. 1).

Two studies identified were protocols with one later pub-

lished after the literature search (13).

Characteristics of the included studies

Seven studies were identified, including six RCTs (13,16–20)

(Table 1) and one RCT protocol (21) (Table 2). The

studies were undertaken in Australia (n = 1) (20), UK

(n = 1) (16), USA (n = 2) (18,19), South Korea (n = 1) (17)

and Hong Kong (n = 1) (13) and the protocol was from

Norway (n = 1) (21). One study was multicentred (13),

one was single-centred (16) and the remaining four were

conducted by telephone or mail (17–20). In total, 2233 par-

ticipants were recruited from the six studies, of whom

1010 (45%) had a CRC diagnosis. Their age ranged

between 41 and 79 years. The percentage of males in the

total population ranged from 20.4% to 66.7% (16,17).

Mean baseline body mass index (BMI) ranged from 22.05

to 29.15 kg m–2 (17,19).

Three out of the six RCTs (13,16,20) looked at CRC popu-

lation alone, one compared the CRC population to healthy

controls (18) and the other two looked at mixed cancer

population with a proportion of those diagnosed with

CRC (17,19). Of the mixed population studies, the propor-

tion of people with CRC was 5.43% (17), 14.2% (19) and

36.2% (18). Two of the six studies did not include cancer

staging but recruited 2.5–5.0 years (18,19) after diagnosis.

Two of the four that provided cancer staging included

Dukes A–C (16,20) and the remaining two included

American Joint Committee on Cancer (AJCC) I–IV and

0–IV (13,17).

None of the studies reported overall survival or sec-

ondary malignancy; however, the primary outcome of the

protocol was noted as overall and disease-free survival
(21). All six studies had a diet component as an outcome.

Four of six studies reported quality of life (QOL)
(13,16,17,20) as an outcome. Four of six studies reported

changes in anthropometrics (16,18–20) as an outcome. All

six studies reported PA as an outcome; however, these

data were not reported in this review.

Study quality

None of the RCTs were assessed as low risk of bias,

primarily as a result of the difficulties of blinding life-

style changes to the participants and healthcare profes-

sional, with a summary provided in the Supporting

information (Table S3).

All six studies reported randomised sequence gener-

ation and allocation concealment, with five explaining

how this was performed (13,16–18,20). Two out of the

six studies (16,19) blinded the interviewers to the par-

ticipants’ assigned groups. One out of the six failed to

provide data for intention-to-treat (18). Four of the six

studies detailed sample size calculations and recruited

sufficient participants to achieve 80% power, one (16)

study did not achieve the sample size estimated by

the power equation and one (18) did not include a

power calculation.

Intervention

The time frame from diagnosis to intervention varied,

with four out of the six (13,16,17,20) studies recruiting par-

ticipants under 2 years from diagnosis or completion of

treatment. The length of interventions varied from 3 to

12 months, with three out of the six (13,17,19) studies hav-

ing a 12-month intervention.

All six studies looked at different dietary components,

using different methods of dietary assessment and units

of measurements. None of the studies involved a dietitian

or nutritionist in the delivery of dietary information

either by telephone coaching, group workshops, face-to-

face counselling, written tailored and generic newsletters,
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pamphlets or workbooks (Table 1). The protocol stated

that it will deliver an individualised nutrition counselling

session by a registered clinical dietitian (21).

Outcomes

Anthropometrics

Four studies reported BMI (kg/m2) (16,18–20), three reported

weight (kg) (16,18,19) and one reported waist-to-hip ratio

(WHR) (cm) (16). Three studies (18–20) assessed outcomes by

self-report and, in one study (16), outcomes were assessed by

an exercise physiologist.

Two studies reporting weight (16,19) had data suitable for

calculating the MD. Bourke et al. (16) reported a MD of

0.8 kg [95% confidence interval (CI) = �11.12 to 9.52]

and Morey et al. (19) reported a MD of 0.23 kg (95%

CI = �0.31 to 0.77). Neither of these studies demonstrated

any difference between the intervention and control groups

for weight. Data could not be combined because they pre-

sented results in different ways: the former reported actual

means and SDs, and the latter reported change scores.

Three studies reporting BMI (16,19,20) had data suitable

for calculating the MD. Bourke et al. (16) reported data

suitable for calculating the MD (�0.3 kg/m2, 95%

CI = �3.58 to 2.98) after 3 months, one study (20)

reported data at 6 and 12 months (MD of �0.6 kg/m2,

95% CI = �1.15 to �0.05 and �0.9 kg/m2, 95%

CI = �1.45 to �0.35), respectively, and one study reported

data after 12 months (MD �0.38 kg/m2, 95% CI = �0.59

to �0.17) (19). A Forest plot is shown in Fig. 2.
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Figure 1 PRISMA diagram. RCT, randomised controlled trial.
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One study (16) reported WHR which had data suitable

for calculating the MD (�0.11 cm, 95% CI = �0.17 to

�0.05) demonstrating a difference between groups

favouring the intervention group.

Diet components

Eight dietary components were included as outcomes

across six studies (see Supporting information, Table S4),

including energy (n = 1) (16), fat (n = 2) (16,20), saturated

fat (n = 3) (16,19,20), fibre (n = 2) (16,20), fruit and

vegetables (n = 4) (17–20), alcohol (n = 2) (16,20), meat

(n = 1) (13), and grains (n = 1) (13). Different units of

measurement were used for fat and fruit and vegetable

intake, with one study (20) using percentage of kJ for

fat and saturated fat intake compared to g grams a day

(g/day). Another study (17) measured fruit and vegetable

consumption as a percentage over five portions (% >5)
compared to number of servings a day.

Energy

Energy intake (kcal) from one study showed no difference

between groups in a small sample of participants after col-

orectal cancer (MD �47.0 kcal, 95% CI = �396.6 to

302.6) (16).

Fat

Two studies (16,20) reported on fat and neither had data

suitable for calculating the MD. One (16) study showed

no difference between the groups over the 12-week inter-

vention (control �7 g versus intervention �12 g,

P = 0.117) and the other study reported a reduction in

the intervention group at 12 months (control 6.4% of kJ

versus intervention �0.6% of kJ, P = 0.006) (20).

Saturated fat

Three studies (16,19,20) reported on saturated fat and no

data data were suitable for calculating the MD. One study

reported no difference between groups over 12 weeks

(control �2 g versus intervention �4 g, P = 0.153) (16).

Two studies reported a reduced intake in the intervention

group compared to the control at 12 months (control

�1.07 g versus intervention �3.06 g, P = 0.002) (19)

(control 2% of kJ versus intervention �0.8% of kJ,

P = 0.016) (20) and one at 6 months (control 1.8% of kJ

versus intervention �1.7% of kJ, P = 0.002).

Total fat (intervention group 64.2% kJ versus control

64.7% kJ) and saturated fat (intervention 25.9% kJ versus

control 26.4% kJ) intake for participants recruited by

Hawkes et al. (2013) (22) was high compared to the Aus-

tralian national average for fat (31% kJ) and saturated fat

(12% kJ) (22).

Fibre

One (16) of the two studies had data suitable for calculat-

ing the MD (6 g, 95% CI = 0.73–11.27) reporting an

increase in fibre intake in the intervention group.

Contrary results were reported at 12 months by Hawkes

et al. (20) who showed no difference in fibre intake

between groups (control 0.7 g versus intervention �0.2 g,

P = 0.223).

Fruit and vegetables

Three (17–19) out of the four studies reporting on fruit

and vegetable consumption reported intake together, with

one reporting fruit and vegetables separately (20). Two of

the four had data suitable for calculating the MD (18,19),

albeit they reported data in different ways. One study

Table 2 Characteristics of the protocol

Author Country Population (age) Sample size Intervention Follow-up Outcome (primary/secondary)

Henriksen (21) Norway 50–80 years of age

with newly diagnosed

primary invasive CRC

undergoing surgery

Required

sample

size: 500

12 months

(14-year

maintenance

intervention)

Individualised

nutrition counselling

by a dietitian.

Discount vouchers:

vegetables, fruit and

fish. 30 min of

exercise a day

Control: Booklet

6 months,

1, 3, 5, 7,

10, 15 years

Primary: Overall, disease-free

survival

Secondary: time to recurrence,

CVD free, CRC-specific, total

cancer-specific survival, inflammatory

disease-specific survival, new

morbidity of other diet related

chronic diseases, dietary intake and

nutritional status, PA and function,

nutrition biomarkers, body

composition, anthropometric

measures, biomarkers for

inflammation and oxidative stress,

transcription and epigenetic profiles,

health-related quality of life

and fatigue

CRC, colorectal cancer; CVD, cardiovascular disease; PA, physical activity.
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reported change scores (19) and one reported number of

servings per day (18) and so the data could not be com-

bined. One study reported data after 12 months where

there was an increased intake in the intervention group

compared to the control group (MD 1.11 servings per

day, 95% CI = 0.76–1.46) (19) and Campbell et al. (18)

again reported data after 12 months and showed no dif-

ference in fruit and vegetable consumption (0.6 servings

per day, 95% CI = �4.32 to 5.52).

The two other studies reported no difference for fruit

and vegetable consumption between groups (17,20).

Alcohol

The two studies reported no difference between groups

(control �4 g versus �1 g, P = 0.297) (16) after 3 months

or 12 months (control 5.1 g versus 4.4 g, P = 0.607) (20).

Red and processed meat

One study (13) combined groups of PA with dietary

advice or dietary advice for the intervention and usual

care or PA advice alone for control group. Lee et al. (13)

showed that consumption decreased in both groups at

24 months (control 7 servings per week versus interven-

tion 4.6 servings per week, P < 0.001).

Grain

One study reported on refined grain intake, showing

baseline data for the number of participants meeting

grain targets [control group n = 5 (8.9%) versus inter-

vention dietary group n = 7 (12.5%) P < 0.922] (13). Fol-

low-up data at 24 months were combined, with PA

groups showing �0.45 servings per day (P < 0.001) in

the two groups receiving dietary advice compared to

those receiving usual care or PA advice alone.

Quality of life

Four out of the six studies reported on varying compo-

nents of QOL (see Supporting information, Table S5),

overall QOL (n = 3) (16,17,19), physical domain QOL

(n = 3) (17,19,20), mental domain QOL (n = 3) (17,19,20)

and fatigue (n = 3) (16,17,20). Table 5 shows the different

tools used, including Functional Assessment of Cancer

Therapy – Colorectal (FACT-C), Short Form 36 (SF-36),

European Organisation for Research and Treatment of

Cancer Quality of Life Questionnaire C30 (EORTC QLQ-

30) and Functional Assessment of Chronic Illness Therapy

Fatigue Scale (FACIT-F).

Overall quality of life

One of the three studies reported an increase in QOL

using the SF-36 scale compared to a decrease in the con-

trol group (control �1.94 versus 0.77, P = 0.007) (19).

The other two studies reported no difference in overall

QOL (16,17).

Physical quality of life

Two of the three studies had data suitable for calculating

the MD, both using the SF-36 physical domain. Data at

6 months were reported by one study and no difference

between groups was demonstrated for the MD (0.0, 95%

CI = �1.66 to 1.66) (20), two studies reported data at

12 months and were combined (MD of 1.97, 95%

CI = 0.44–3.51) (19,20) showing a positive effect favouring

the intervention group (Fig. 3).

The third study reported no difference in physical

functioning from the physical domain of the EORTC

QLQ-30 in both groups at 3 or 12 months (control 79.3

versus 79.4, P = 0.942 and control 78.7 versus 81.9,

P = 0.123) (17), respectively.

Mental domain quality of life

Two of the three studies had data suitable for calculat-

ing the MD (19,20), both using the mental health domain

of the SF-36. One study reported data after 6 months

for the MD (0.7, 95% CI = �0.96 to 2.36) (20) and

showed no difference between groups, and two studies

Figure 2 Forrest plot of body mass index after 6 and 12 months. CI, confidence interval.
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reported data at 12 months that were suitable to be

combined (MD of 0.94, 95% CI = �2.23 to 4.12) (19,20)

(Fig. 4).

The third reported no difference in the cognitive func-

tioning of the EORTC QLQ-30 at 3 months (control 75.1

versus 77.6, P = 0.322) (17) or at 12 months (control 78.4

versus 76.8, P = 0.552).

Fatigue

One of the three studies (20) had data suitable for calcu-

lating the MD at 6 months (1.4, 95% CI = �0.26 to

3.06) and at 12 months (1, 95% CI = �0.81 to 2.81) and

there were no differences demonstrated between groups

(see Supporting information, Fig. S2).

One study using FACT-F reported an increase in both

groups (control 1 versus 5 P = 0.005) (16) with another

using the EORTC QLQ-C30 fatigue scale reporting no

difference in fatigue score at 3 months between groups

(control 37.6 versus 34.3, P = 0.214) but an increase in

the control group from baseline at 12 months (control

41.9 versus 34.8, P = 0.01) (17).

Compliance

One out of the six studies measured compliance (13),

reporting 90% attendance to face-to-face interviews,

43.5% attendance to quarterly group meetings and 72.4%

successful contact with fortnightly phone calls.

Discussion

The identified studies were heterogeneous with multiple

outcomes that combined different dietary interventions

linked to CRC, therefore making it difficult to draw con-

clusions. The studies looked at CRC populations at differ-

ent stages during their cancer pathway, using different

methods for delivering the intervention and collecting

data.

Three of the included studies had adequate data to

assess anthropometrics and all demonstrated that partici-

pants in the dietary intervention group had a greater

reduction in BMI or WHR(16,19,20). However, only one of

the studies monitored energy intake (16); therefore, it is

unknown whether the reduced BMI was a result of

decreased energy intake or increased energy expenditure.

None of the included studies provided adequate data to

combine and assess dietary components. The review

found few changes in dietary components or specific

nutrients; however, one study demonstrated that fibre

intake was increased (16). Two studies provided adequate

data to assess the physical domain of QOL with a positive

effect at 12 months (19,20) and a further study demon-

strated improvements in QOL at 3 months in the inter-

vention group (19).

To the best of our knowledge, no other systematic

review has looked at RCTs alone on modifiable lifestyle

factors in the CRC population. A review of the literature

in 2010 looked at the evidence for BMI, PA and diet

before, during and after CRC diagnosis, including studies

of varying designs, concluding that there was insufficient

evidence to draw conclusions (23). A systematic review of

RCTs in pre-malignant colorectal adenoma looked at

nutritional interventions, including vitamin, mineral and

other dietary supplements, and concluded that further

research was required in CRC survivors (24). Neither of

these reviews identified any of the studies included in the

current systematic review.

In the current review, there was some variance in the

results, which could be attributed to the variable meth-

ods used for collecting outcomes. Anthropometry data

were either self-reported (18–20) or measured (16). It is

noteworthy that self-reported weight is often underesti-

mated, with women underestimating more than men;

the opposite is shown for self-reported height, with men

over-reporting (25). This could possibly result in the

under-estimating of BMI in the included studies in the

current review. For dietary intake, a variety of methods

were used, including 24-h recall (19), food frequency

questionnaire (FFQ) (13,17,18,20) and food diaries (16),

which all have different limitations (26). A FFQ includes

closed-ended questions and requires memory recall of

food pattern and portion sizes (26). Food diaries require

motivation to complete and can lead to under-reporting,

whereas 24-h recall is limited by recall bias, interviewer

bias and does not allow for day-to-day changes in diet-

ary habits (26). Dietary exposures are difficult to measure

because individuals eat varying types and amounts of

food, which are often inaccurately perceived, resulting in

under-reporting. Dietary data collection using recorded

intake requires a trained nutritionist to analyse and

interpret the results, which is a time consuming task

that can result in a degree of error being introduced in

translation from food to nutrients (27). There were no

studies that used digital technology to help with this

process, which can reduce administration intensive tasks,

variation in interpretation and recording errors (27).

All of the included studies varied with respect to when

and how they deliver lifestyle changes. Teachable

moments have been described as opportunities created

via physician–patient interaction and are used to encour-

age patients to change unhealthy behaviours (28). Teach-

able moments may occur in adults who have had a

‘health scare’, such as diagnosis of an adenoma, and are

more motivated to engage in lifestyle changes (29). The

focus on dietary manipulation in people after a cancer

diagnosis is of particular interest because of the potential

to capitalise on the teachable moment (30). This
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information is important because many individuals who

have been diagnosed with CRC are motivated to change

their lifestyles and behaviours (31). Studies have looked at

these teachable moments during CRC screening and

found varying results, with fruit and vegetable consump-

tion increasing with tailored advice, although with no

effect on PA and alcohol (32). A study of dietary changes

and dietary supplements in people with CRC reported

that 36% made dietary changes following diagnosis, with

only 17% receiving dietary advice as part of their usual

care (33), indicating that people are motivated to make

lifestyle changes on their own.

The skill sets varied among the researchers delivering

healthy lifestyle messages, with one study (17) using patients

who had undergone training in health coaching and were

not healthcare professionals. It has been shown that people

after CRC have a preference towards having diet and life-

style advice being delivered by a bowel cancer nurse (34)

rather than a dietitian, but not a community-based nurse.

It was also found, from discrete choice experiments, that

there were subsets of people of different ages and sexes who

preferred advice provided by telephone, face-to-face or via

group sessions (34). The National Institute for Health and

Care Excellence (NICE) recommends equipping

practitioners with the necessary competencies and skills to

support behaviour change, using evidence-based tools (35).

Our systematic review had a number of limitations. First,

only one researcher was involved in the search process, and

thus eligible studies may have been missed. The effect of

this was reduced by consultation of methodology with all

authors and support of the librarian during the search pro-

cess. A second researcher was consulted on data extraction

and evaluation of the risk of bias. Despite a search of the

grey literature, it is also possible that unpublished studies

were missed. The studies were heterogeneous, with differ-

ing aims, interventions and outcome measures, which lim-

ited pooling of data and meta-analysis.

Conclusions

The studies conducted to date have not been based on a

robust study design that has combined all dietary inter-

ventions linked to CRC. As a result of the heterogeneity

of the studies identified in this systematic review, it was

difficult to draw strong conclusions or make recommen-

dations for healthcare professionals to deliver. Dietary

interventions have not been achieved or sustained, high-

lighting that further research is required to establish the

Figure 3 Forest plot showing Short Form 36 (SF-36) physical domain at 6 and 12 months. CI, confidence interval.

Figure 4 Forest plot showing Short Form 36 (SF-36) mental domain at 6 and 12 months. CI, confidence interval.
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most appropriate interventions and the best methods for

facilitating and supporting sustained behaviour change.

This is a topical area and ongoing studies were identified

that will add to the evidence base.

CRC survival rates are significantly increasing and as a

result more people are living with and beyond CRC

therefore it is fast becoming an important area of

research. With diet and PA being linked with aetiology of

CRC, it is important to assess whether lifestyle changes

can influence disease-free survival along with overall sur-

vival from CRC or other diseases. Therefore, future

research should include multiple dietary and PA interven-

tions, supported by healthcare professionals, using a

robust methodology that supports behaviour change with

overall survival and disease-free survival as the primary

outcome measures (21).
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Abstract

Background: The prevalence of Candida infections in paediatric intensive

care units (PICUs) has dramatically increased as a result of resistance to

conventional anti-fungal treatments. Because vitamin D has been shown to

exhibit fungicidal activity against Candida infection in an in vitro antimicro-

bial screening, we aimed to investigate the effect of vitamin D on Candida

infections in the PICU.

Methods: Four hundred sixteen eligible children aged between 12 months

to 5 years old admitted to the PICU, who were on broad-spectrum antibi-

otic therapy, participated in the study. Patients were randomly assigned to

two study groups, receiving a plain yogurt drink (placebo group) or supple-

mented with 300 IU day�1 vitamin D (VD group). Primary outcome was

defined as the incidences of Candida colonisation (Candida isolated from

rectal swab) 14 days after enrollment. Secondary outcome measures were

Candida growth in blood (candidaemia) and urine (candiduria).

Results: The prevalence of candiduria as well as candidaemia was significantly

lower in the VD-treated group (26 cases) than in the placebo group (62 cases).

The mean (SD) length of PICU stay was obviously lowered in the VD group

[11.8 (1.2) days] compared to the placebo group [15.2 (2.3 days)], whereas

cases of patient death were similar between the two groups.

Conclusions: Supplementation of vitamin D effectively reduces infections of

Candida in children who were critically ill and on broad-spectrum antibiotic

treatment.

Introduction

Bloodstream infection of Candida is a nosocomial infection

with an increasing incidence (1,2). Candidaemia prevalence

in paediatric intensive care units (PICUs) has risen sharply

during the past decade (3,4). A number of studies have

reported Candida species in 8–10% of bloodstream infec-

tions observed in PICUs (5–7). In patients who are critically

ill, Candida species are responsible for most fungal isolates,

causing 85% of fungal infections in the National Nosoco-

mial Infections Surveillance System study (8). Candidaemia

often leads to high morbidity and mortality in hospitalised

patients and requires high medical expenses (9). It has been

shown in several investigations that colonisation of Can-

dida in the gastrointestinal tract is associated with higher

risk of invasive candidiasis (2,10,11). Preventing colonisation

of Candida with systemic anti-fungal agents has been pro-

ven successful with respect reducing the prevalence of inva-

sive fungal infections (12–14). However, despite its evident

effectiveness, it has not yet been implemented as a routine

care because of concerns regarding adverse effects, tolera-

bility and selection of resistant strains by preventive utilisa-

tion of anti-fungal drugs (15,16). Therefore, alternative

approaches to prevent Candida colonisation and, in turn,

to reduce the prevalence of invasive candidiasis need to be

explored.

Vitamin D, a pleiotropic hormone, is critical for optimal

health and plays essential roles in several pathological pro-

cesses. Vitamin D deficiency (VDD) is frequently reported

among children who are critically ill and is also linked to
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greater severity of paediatric critical illness (17). Although

VDD is not linked to higher prediction of risk mortality

scores, it is highly prevalent in PICU patients (18). For

example, an inadequate vitamin D level is associated with

culture positive sepsis and poor outcomes in PICU (19). A

low serum vitamin D level is also associated with higher

incidence of lower tract acute respiratory infections (20),

the need for mechanical ventilation, increased vasopressor

use and a lower serum calcium level in PICU (21). In addi-

tion, it was reported that VDD children, with serum level

of vitamin D metabolite 25-hydroxyvitamin D (25OHD)

<20 ng mL�1, had a longer duration of PICU stay than

others (22). Of particular interest to the present study, a

recent in vitro antimicrobial screening study indicated that

vitamin D exerted fungicidal functions against Candida

albicans (23). To the best of our knowledge, despite the

widely reported beneficial roles of vitamin D in many

human diseases, there has been no study performed inves-

tigating the clinical efficacy of vitamin D supplementation

among PICU patients.

Given the wide natural existence of vitamin D in vari-

ous foods, it is considered as a safe and promising strat-

egy to protect against infection, particularly in children
(24). We therefore designed the present randomised, pla-

cebo-controlled clinical trial, with the hypothesis that

vitamin D supplementation could exert beneficial effect

on the incidence of candidaemia and candiduria infec-

tions in PICU patients on broad-spectrum antibiotics.

Materials and methods

Ethical statements

The present study was performed in accordance with the

guidelines in the Declaration of Helsinki and was

approved by the Ethics Committee of Wuxi Children’s

Hospital. The current trial and its protocol have been reg-

istered with the Chinese Clinical Trial Registry (ChiCTR-

IPR-18034729). All participants provided their written

informed consent and agreed to the data utilisation policy

before enrollment.

Patients

The clinical trial was carried out in Wuxi Children’s

Hospital, between November and March each year from

2012 to 2017, during which the cutaneous synthesis of

vitamin D is at its lowest level of the year (24). In total,

473 children aged between 12 months and 5 years, admit-

ted to the PICU and on broad-spectrum antibiotics for at

least 48 h, were recruited into the present study. No sur-

gical patients, or patients receiving parenteral nutrition,

were included in the study. Fifty-seven children with pre-

vious anti-fungal treatments (19 cases), vitamin D

supplements (27 cases), immunodeficiency (two cases) or

known chronic illnesses (nine cases) were excluded from

the study.

Randomisation and intervention

In total, 416 eligible children were eventually enrolled in

the present study. With a permuted-block randomisation

method stratified to their age at admission, all patients

were assigned (by an investigator not involved in out-

come measurements) into two study groups: (i) VD

group (n = 208), consuming three servings (100 g per

serving) of vitamin D3-supplemented yogurt drink

(100 IU vitamin D3 per serving) on a daily basis for

14 days and (ii) placebo group (n = 208), consuming

three servings (100 g per serving) of plain yogurt drink

on a daily basis for 14 days. The three yogurt drinks were

served one before each meal on a daily basis. The plain

and vitamin D3-supplemented yogurt drinks were identi-

cal in appearance to mask the content to both the

patients and investigators.

Definition of outcomes

All evaluations were performed at the PICU admission

(baseline) and 14 days after the start of yogurt consump-

tion (endpoint) by investigators who were blind to the

randomisation process. Blood samples for fungal and bac-

terial culture were collected via venipuncture in the case

of clinically indicated infection; urine was collected two

times a week via a sterile urine bag or urinary catheter

for fungal and bacterial cultures. For fungal cultures, the

blood samples were transferred into two culture

bottles that contained Sabouraud agar mixed with antibi-

otics (gentamicin 20 mg L�1 and chloramphenicol

50 mg L�1), followed by incubation at 22 °C for 7 days

and 37 °C for another 7 days. Fungal growth was assessed

using biochemical and morphological tests including

urease test, germ tube test, sugar assimilation test, sporu-

lation on corn meal agar and sugar fermentation test. Iso-

lation of Candida species from blood cultures was

determined as candidaemia, and isolation of Candida spe-

cies in urine was determined as candiduria. Primary out-

come was defined as the incidence of Candida

colonisation (Candida isolated from rectal swab) 14 days

after enrollment. Secondary outcome measures were

defined as Candida growth in blood (candidaemia) and

urine (candiduria).

Anti-fungal therapy

Candidaemia patients were treated with intravenous

amphotericin B. Individuals with signs of severe sepsis
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despite 5–7 days of broad-spectrum antibiotic therapy

were given amphotericin B until fungal culture reports

were available. Candiduria patients who were clinically

stable were given fluconazole.

Statistical analysis

Statistical analysis was conducted using SPSS, version 15

(SPSS, Chicago, IL, USA). The sample size of treatment

groups was established using preliminary data acquired

from patients enrolled in the first year (2012) of the

study. Differences between means of each compared treat-

ment groups were divided by the SD to determine the

standardised effect size, then 5% was used as the signifi-

cance level in Student’s t-test and 90% power, and the

minimum required sample size was calculated. Data from

different assessments were used for power calculation and

generated different minimum required sample size num-

bers, from which the maximum number was chosen.

Baseline variables were quantified using descriptive statis-

tical analysis (mean, SD, median, range and percentages).

Differences between groups were determined using a chi-

squared test or the Mann–Whitney test, wherever applica-

ble. Continuous variables were compared using Student’s

t-test. P < 0.05 (two-tailed) was considered statistically

significant.

Results

The recruitment and experimental flow chart is sum-

marised in Fig. 1. In total, 473 patients were initially

enrolled, with 416 eventually being eligible to participate

in the study. Clinical features, demographic characteristics

and interventions in both groups are summarised in

Table 1. No significant differences were observed with

respect to diagnosis at admission to the PICU, with

regard to clinical features, demographic variables and the

serum level of 25OHD between the two groups. The pres-

ence of several risk factors for invasive fungal infection,

including invasive catheters, illness severity, urinary

catheterisation and mechanical ventilation, was compara-

ble between the two groups (Table 1).

As shown in Table 2, with supplementation of vitamin

D, the prevalence of candiduria and candidaemia was

greatly reduced. Candidaemia was observed in five

patients from the VD group compared to 14 patients

from the placebo group (P = 0.02). The prevalence of

candiduria in the VD group was also statistically lower

than that in the placebo group (P = 0.01). In the VD

group, the numbers of patients with nosocomial blood-

stream infection (n = 43) and urinary tract infection

(n = 31) were both significantly lower than those in the

placebo group (n = 61 and 54, respectively; P = 0.01 and

0.02, respectively). In total, 23 patients in the VD group

received anti-fungal treatment, which was markedly lower

than the 42 patients from the placebo group (P = 0.02).

Figure 1 Study design. VD, vitamin D.

Table 1 Baseline demographics and clinical characteristics of patients

at paediatric intensive care unit admission

Characteristics VD (n = 208)

Placebo

(n = 208) P value

Age (years), mean (SD) 3.8 (0.4) 3.7 (0.5) 0.52

Gender (boy/girl) 135/73 128/80 0.37

Central nervous

system infections (n)

101 96 0.21

Community-acquired

pneumonia (n)

79 81 0.33

Cardiac diseases (n) 12 18 0.42

Others (n) 16 13 0.19

Pediatric risk of mortality III,

median (10–90th centile)

12 (2–21) 11 (3–22) 0.61

Glasgow Coma Scale,

median (10–90th centile)

6 (3–9) 7 (3–11) 0.24

Mechanical ventilation (n) 169 176 0.26

Central catheter (n) 175 172 0.18

Urinary catheter (n) 181 186 0.11

Serum 25OHD (ng mL�1),

mean (SD)

23.2 (2.8) 23.5 (2.2) 0.32

25OHD, 25-hydroxyvitamin D; VD, vitamin D.
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The mean (SD) duration of broad-spectrum antibiotic

treatment in the VD group [7.4 (3.2) days] was also sig-

nificantly shorter than the placebo group [9.6 (2.7) days]

(P = 0.04). The length of PICU stay was obviously low-

ered in the VD group [11.8 (1.2 days)] compared to the

placebo group [15.2 (2.3) days] (P = 0.03), whereas cases

of patient death were similar between the two groups

(P = 0.22), which is consistent with previous studies

reporting that vitamin D is not correlated with a higher

prediction of risk mortality scores (18) but is with the

duration of PICU stay (22). Moreover, the length of cen-

tral catheters was also significantly shorter in the VD

group [3.1 (1.0) days] than the placebo group

[4.3 (1.5) days] (P = 0.04). Noteworthily, compared to

baseline, after 14 days of vitamin D supplementation, the

serum level of 25OHD was significantly elevated in the

VD group but remained the same in the placebo group

(Tables 1 and 2).

The species responsible for candidaemia are listed in

Table 3, including Candica albicans, Candida tropicalis

and two cases of Candida guilliermondii isolated in pla-

cebo group. Candica albicans was the most frequently

detected species in candiduria, followed by C. tropicalis

and C. guilliermondii (Table 4). It is worth noting that all

numbers of infections isolated were higher in the placebo

group than those in the VD group.

Discussion

The present study aimed to examine whether regular use

of vitamin D could protect against Candida infection in

severely ill children who were on broad-spectrum antibi-

otic therapy. The prevalence of candiduria, as well as

candidaemia, was significantly reduced in the VD group

compared to the placebo group. Our finding suggested

that oral supplementation with vitamin D was able to aid

the broad-spectrum antibiotic anti-fungal treatment by

significantly reducing the incidence of invasive candidiasis

in critically ill children.

It has been indicated that preventing Candida colonisa-

tion could serve as a strategy to prevent invasive candidi-

asis, and promising results have been obtained from the

prophylactic use of systemic anti-fungal agents (15,16).

Wainer et al. (14) reported that gut fungal colonisation

was reduced to one-third with the use of a miconazole

oral gel in high-risk preterm neonates. Similarly, it was

observed that rectal colonisation in preterm neonates was

reduced by approximately 75% with intravenous flucona-

zole (13). However, the preventive utilisation of anti-fun-

gal agents raised concerns regarding selection of resistant

strains, elevated medical expenses and side effects (15).

Hence, there is an urgently need to explore alternative

strategies to prevent Candida colonisation.

A recent study has implicated the role of vitamin D in

Candida infections, showing that candidaemic patients had

significantly lower serum concentrations of vitamin D (25).

Candida species, a population of commensal microorgan-

isms, represent 20–50% of the micro-organisms in the oral

cavities of healthy dentate individuals (26). Candida albi-

cans is considered as the most pathogenic Candida species

in all types of human candidiasis (27). According to recent

studies, Candida spp. is still the most common fungal spe-

cies responsible for central line-associated blood stream

infections (28). For a long time, C. albicans and C. tropicalis

have been regarded largely susceptible to amphotericin B

and fluconazole, although investigations over the past few

years reported clinical therapy failure and resistance to flu-

conazole in several centers (29). The development of

Table 2 Patient outcomes

Outcomes

VD

(n = 208)

Placebo

(n = 208) P value

Candidaemia (n) 5 14 0.02

Candiduria (n) 21 48 0.01

Nosocomial bloodstream

infection (n)

43 61 0.02

Nosocomial urinary

tract infection (n)

31 54 0.04

Treated with anti-fungal drug (n) 23 42 0.02

Broad-spectrum antibiotics

treatment (days), mean (SD)

7.4 (3.2) 9.6 (2.7) 0.04

PICU stay (days), mean (SD) 11.8 (1.2) 15.2 (2.3) 0.03

Central catheter (days), mean (SD) 3.1 (1.0) 4.3 (1.5) 0.04

Death (n) 11 12 0.22

Serum 25OHD (ng mL�1),

mean (SD)

35.4 (3.6) 23.1 (2.3) 0.01

25OHD, 25-hydroxyvitamin D; VD, vitamin D.

Table 3 Candida isolated from blood

Outcomes VD (n = 208) Placebo (n = 208)

Candida albicans (n) 3 8

Candida tropicalis (n) 2 4

Candida guilliermondii (n) 0 2

VD, vitamin D.

Table 4 Candida isolated from urine

Outcomes VD (n = 208) Placebo (n = 208)

Candida albicans (n) 14 32

Candida tropicalis (n) 5 10

Candida guilliermondii (n) 2 6

VD, vitamin D.
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resistance in Candida species necessitates new anti-fungal

therapies against resistant strains (30). In this context, vita-

min D has been shown to exhibit fungicidal activity against

C. albicans in vitro, likely as a result of the high lipsolubil-

ity of vitamin D altering the cell membrane integrity (23).

However, being a clinical trial focusing on the effect of

vitamin D supplementation on Candida infections, the pre-

sent study is limited in that mechanistical experiments are

less practical in a clinical setting than a laboratory setting

employing animal models.

An important finding of the present study was that can-

diduria prevalence was reduced to almost half in the VD

group compared to the placebo group. Candiduria is

regarded as a marker for heavy colonisation (31), as well as a

systemic candidiasis (32), especially in children who are crit-

ically ill (33). A reduction in the prevalence of candiduria

with the routine use of vitamin D therefore likely indicates

that vitamin D may protect against invasive candidiasis.

The present study comprises a double-blind, randomised

and well-controlled with an adequate sample size for the

primary outcome. Furthermore, all participants completed

the trial. Of note, in designing the protocols, we only

recruited patients admitted between November and March,

when cutaneous vitamin D synthesis is at its lowest level of

the year based on prior reports (24), aiming to reduce inter-

ference of endogenous vitamin D to a minimal level.

In summary, in the present clinical trial, we demon-

strated that supplementation of vitamin D effectively

reduced Candida infections in children who were criti-

cally ill and on broad-spectrum antibiotic treatment.

Combined use of vitamin D and antibiotics can be

regarded as a therapeutic strategy to prevent Candida

infections in severely ill children, in a multicentric study.
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Abstract

Background: The present study aimed to assess the association of vitamin D

and vitamin B12 with cognitive impairment in elderly people.

Methods: The data were obtained from a cross-sectional study that included

individuals aged 80 years or older living in the urban and rural areas of the

cities of Sider�opolis and Treviso in the state of Santa Catarina, Brazil. In

total, 165 elderly people were included in the analysis. The outcome of cog-

nitive decline was assessed by the Mini-Mental State Examination. Vitamin

D and vitamin B12 levels were measured from blood samples. The socio-

demographic, anthropometric and health variables used in the analysis were

collected from a questionnaire. Crude and adjusted analyses of the relation-

ship between vitamins D and B12 and cognitive decline were performed

using a Poisson regression model.

Results: The prevalence of cognitive decline was 35.2%. In the adjusted

model, individuals who had vitamin D levels >19 ng mL�1 showed a lower

prevalence of cognitive decline (prevalence ratio = 0.59; 95% confidence

interval = 0.39–0.87). Those participants who had vitamin B12 levels of

≥496 pg mL�1 had a higher prevalence of cognitive decline (prevalence

ratio = 1.90; 95% confidence interval = 1.08–3.36).
Conclusions: The present study showed that individuals aged ≥80 years

who had vitamin D levels of ≤18 ng mL�1 had a higher prevalence of cog-

nitive decline even after adjustment for potential confounders. In addition,

the study demonstrated that vitamin B12 levels of ≥496 pg mL�1 in this

population were also a risk factor for cognitive decline. A cross-sectional

analysis does not enable the inference of a cause–effect relationship and

additional studies are needed to understand these relationships.

Introduction

The population of individuals older than 80 years has

grown faster than the population segment of individuals

older than 60 years. It is estimated that, by 2050, this

population will account for 434 million individuals (4.5%

of the world population) compared to the current 125

million (1.7% of the world population), which is an

increase of 132%. In addition, the proportion of individ-

uals over 60 years old will increase from the current

12.3% in 2015 to 21.5% in 2050, which is an increase of

87.4% (1).

Maintaining cognitive function is essential for healthy

ageing. However, ageing may give rise to neurological

changes, including changes in cognitive functions, such as

memory, attention, language, praxia, visuoconstructive
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skills and executive function (2). The cognitive processes

mediated by the hippocampus and prefrontal cortex are

the most vulnerable to ageing (3). Both regions go

through synaptic changes that may be related to a decline

in cognitive performance (4). Although memory impair-

ment is the main factor leading to a functional loss of

daily activities, the cognitive impairment is related to

other symptoms, such as an attention deficit related to

naming, reasoning and visuospatial abilities (5). Several

factors related to ageing may be associated with changes

in these processes (6). For example, a study evaluating

1248 older adults, aged 52–88 years, found that educa-

tional level, gender, leisure activities, diabetes and eating

habits may be associated with cognitive impairment in

the elderly (7). Therefore, nutritional factors have been

identified as being potentially important with respect to

cognitive function in later life (8,9).

Currently, some studies associate low serum vitamin D

concentrations with lower cognitive performance in the

elderly (10–12). Vitamin D has been shown to have neuro-

protective properties by stimulating the phagocytosis of

amyloid-b protein, thus attenuating the accumulation of

neuronal amyloid-b plaques. In addition, it promotes an

increase in the transport of amyloid-b-amyloid proteins

across the blood–brain barrier, leading to a decrease in

the number of amyloid plaques (13). Vitamin D is consid-

ered to be deficient when serum concentrations are below

20 ng mL�1. For populations at risk, including the elderly

and post-menopausal women, the recommended serum

25(OH)D level is >30 ng mL�1 (14).

Vitamin B12 plays an important role in the physiologi-

cal processes of the central nervous system (CNS) and the

haematopoietic system, particularly in the pathways

involved in red blood cell formation. Adequate levels of

vitamin B12 are required for the development and initial

myelination of the CNS, as well as for the maintenance of

its physiology (15). Vitamin B12 deficiency is defined as

blood levels <200 pg mL�1 (16). Low blood levels of vita-

min B12 affect between 10% and 15% of the elderly, and

this deficiency is associated with neurological diseases.

Risk factors for vitamin B12 deficiency include diet, age,

health conditions such as gastric atrophy, demographics,

and the use of medications that interfere with vitamin

uptake (17). The present study aimed to evaluate the asso-

ciation of vitamin D and vitamin B12 hypovitaminosis

with cognitive impairment in the elderly in two cities in

the southern state of Santa Catarina, Brazil.

Materials and methods

Study design

This cross-sectional study is part of a larger project

including all elderly individuals (80 years old or older)

living in the urban and rural areas of the cities of Side-

r�opolis and Treviso in the state of Santa Catarina, Brazil.

Population

The study was carried out using the total population of

individuals ahed 80 years or older who used primary care

as part of Brazil’s Family Health Strategy in these two

small cities. We included 165 elderly individuals.

Eligibility criteria

Those eligible to participate in the study were individuals

of both sexes, aged over 80 years living in Sider�opolis or

Treviso in Santa Catarina, Brazil, who agreed to partici-

pate in the research. The exclusion criteria comprised:

visual impairment ≥40%; severe hearing loss (unable to

hear sounds below 80 dB) or deep hearing loss (unable to

hear sounds emitted with an intensity of less than

91 dB); schizophrenia or other psychotic disorders; and

neurocognitive disorders, including cerebrovascular acci-

dents with speech impairments, or any other condition

that would negatively influence their performance in the

study evaluations.

Data collection

Data were collected from January 2016 to September

2016 by a multidisciplinary team who had been trained

previously. An instrument was developed by the research-

ers to collect the sociodemographic and clinical data. A

stadiometer (capacity of 210 cm; Sanny – American Med-

ical do Brasil, Ltda, S~ao Bernardo do Campo, Brazil) and

digital scale (capacity of 180 kg; Tech Line; SCHWEIZER

GmbH & Co. KG, Reutlingen, Germany) were used to

measure the height and weight, respectively, of individu-

als. The blood samples were collected by technical staff in

a local laboratory where the laboratory analysis was per-

formed.

Variables

Cognitive decline comprised the outcome, as identified

by the Mini-Mental State Examination (MMSE). The

MMSE was initially developed to screen for dementia;

however, it has been widely used as a measure of general

cognitive function. The MMSE is the most widely used

screening tool to assess mental or cognitive status in the

elderly (18). The educational and cultural heterogeneity of

the Brazilian population may influence the diagnosis of

cognitive decline, and so we categorised these factors

according to a Brazilian study by Bertolucci et al. (19).

Education level was classified as illiterate, elementary and
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middle school (<8 years) and high school (>8 years) and

was a significant predictor of performance (P < 0.0001).

The reference cut-off values were taken from the fifth

lowest score for each group and were defined as: illiter-

ate = 13; elementary and middle school = 18; and high

school = 26.

Vitamin D and vitamin B12 levels were the main factors

studied. None of the participants were using vitamin D

or B12 supplements during the study.

Other independent variables also studied were: age

(years), sex (male/female), ethnicity (Italian/Portuguese/

Brazilian/Italian, Portuguese/Italian and Brazilian/German/

Spanish), living area (urban/rural), family history of

dementia (no/yes), schooling (years), income (minimum

monthly wages), body mass index (underweight/normal/

overweight), diabetes (no/yes), hypertension (no/yes) and

cardiomyopathies (no/yes).

Body mass index was calculated using the formula:

weight (kg)/height2 (m). Nutritional status was classified

as underweight, normal or overweight(20).

Biochemical assessment

Biochemical parameters were measured after a 12-h fast.

All blood samples were collected, transported to labora-

tory and processed to separate serum by centrifugation at

1008 9 g for 10 min. After the serum was separated and

taken to the �20 °C freezer to be stored until the end

of the study to perform the dosages. The serum levels

of vitamin D (25-hydroxyvitamin D) and vitamin B12
were measured using chemiluminescent microparticle

immunoassay on the BitLab system (Abbott Diagnostics,

Chicago, IL, USA). Values for vitamin D (25-hydroxyvita-

min D) and vitamin B12 were expressed in ng mL�1 and

pg mL�1, respectively. Vitamin D and vitamin B12 levels

were categorised into percentiles: (i) 25th percentile: vita-

min D levels of 18 ng mL�1 or less and vitamin B12 levels

of 495 pg mL�1 or less; (ii) between the 25th and 50th

percentiles: vitamin D levels of 19–23.3 ng mL�1 and

vitamin B12 levels of 496–599 pg mL�1; (iii) between the

50th and 75th percentiles: vitamin D levels of 23.4–
28.5 ng mL�1 and vitamin B12 levels of 600–
729 pg mL�1; and (iv) above the 75th percentile: vitamin

D levels of 28.6 ng mL�1 or more and vitamin B12 levels

of 730 pg mL�1 or more.

Statistical analysis

A descriptive analysis of the variables and the outcome

was performed. The absolute and relative frequencies

were reported for categorical variables, and measures of

central tendency and dispersion were reported for contin-

uous variables.

Later, Poisson regression models were used to estimate

the associations between the main exposures variables (vi-

tamin D and vitamin B12) and the outcome (cognitive

decline).

Crude and adjusted analyses were reported. Adjusted

analysis was performed using a hierarchical model that

included the following variables: level 1 = age, sex, eth-

nicity, living area, and family history of dementia; level

2 = schooling and income; and level 3 = body mass

index, diabetes, hypertension and cardiomyopathies.

All variables with P < 0.20 remained in the model to

account for potential confounding. The model was con-

structed with a stepwise backward method. P < 0.05 was

considered statistically significant. All the statistical analy-

ses were conducted using STATA, version 12.1 (StataCorp,

College Station, TX, USA).

Ethical aspects

This project was approved by the Ethics Committee of

the University of Extremo Sul Catarinense under the pro-

tocol no. 1.032.742. All participants provided their writ-

ten informed consent.

Results

Initially, 188 elderly individuals were selected. However,

17 did not meet the inclusion criteria, and six declined to

participate in the study. The characteristics of the

included participants are shown in Table 1. Most of the

individuals were female (63.0%) and lived in rural areas

(65.4%). In addition, approximately one-third of partici-

pants earned an income of up to 1 monthly minimum

wage (29.1%). With regard to nutritional status, approxi-

mately one-third of the individuals were underweight

(30.9%) and overweight (33.3%). In addition, 17.0% and

75.8% of them had diabetes and hypertension, respec-

tively. The mean (SD) age was approximately 85 (3.7)

years. The prevalence of cognitive decline was 35.2%.

Table 2 presents the crude and adjusted analyses of the

association between vitamin D, vitamin B12 and cognitive

decline. After adjusting for possible confounders, vitamin

D remained associated with cognitive decline. Individuals

who had vitamin D levels of >19 ng mL�1 showed a

lower prevalence of cognitive decline (prevalence

ratio = 0.59; 95% confidence interval = 0.39–0.87) than

those had vitamin D levels of ≤18 ng mL�1.

Moreover, the adjusted model showed that vitamin B12
was associated with cognitive decline. Those participants

who had vitamin B12 levels of ≥496 pg mL�1 had a

higher prevalence of cognitive decline (prevalence

ratio = 1.90; 95% confidence interval = 1.08–3.36) than

individuals with vitamin B12 levels of ≤495 pg mL�1.
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Discussion

The present study investigated the association of vitamin

D and B12 with cognitive decline in the elderly. The

prevalence of cognitive decline was 35.2%. In the adjusted

model, individuals who had vitamin D levels

>19 ng mL�1 showed a lower prevalence of cognitive

decline. Those participants who had vitamin B12 levels of

≥496 pg mL�1 had a higher prevalence of cognitive

decline. The relationship between nutritional factors and

ageing has been studied for some years and is reported to

be both a protective factor and a trigger factor for differ-

ent biological conditions. In light of the increase in life

expectancy and the number of elderly individuals in the

population, it is necessary to understand the physiological

aspects and factors that influence cognitive function

because the incidence of dementia increases by more than

13% in elderly individuals who are 72 years old or older (21).

In a review on nutrition in the elderly centenarians,

Hausman et al. (22) reported the presence of nutritional

deficiencies in this population citing deficiencies in vita-

min B12 and vitamin D.

Some studies have reported vitamin D deficiency to be

a public health concern because of the growing number

of people diagnosed with this deficiency and also because

of the impacts of this deficiency on cancer, diabetes melli-

tus, depression, psychosis, cardiovascular disease, falls,

muscle function, physical strength and hyperparathy-

roidism (23–28).

The causes of vitamin D deficiency are associated with

sun exposure, low cutaneous synthesis, low food intake

and living at specific latitudes. The elderly population

comprises a group of individuals at risk for this defi-

ciency, mainly as a result of their reduced capacity for

vitamin D production from sun exposure (29). Vitamin D

receptors are found throughout the body, and metabolic

pathways for vitamin D activation have been found in

neuronal and glial cells, which is evidence of the relation-

ship of vitamin D with the expression of neurotrophins

involved in brain function (30). The hippocampus,

hypothalamus, cortex and subcortex all have vitamin D

receptors that allow vitamin D to exert neurophysiologi-

cal and neuroprotective functions in the brain in areas

essential for cognition. Vitamin D also appears to be

involved in the neurophysiology of regulation, gene tran-

scription and synthesis of multiple neurotransmitters,

including acetylcholine and dopamine (31).

In the present study, we found an association between

vitamin D levels of ≤18 ng mL�1 and a higher prevalence

of cognitive decline. Similarly, a systematic review and

meta-analysis developed by Goodwill and Szoeke (32) that

included 26 observational studies found an association

between low vitamin D levels (ranging from <25 to

<50 nmol L�1) and worse cognitive performance. In

their meta-analysis, Shen and Ji also found that subjects

with vitamin D deficiency [25(OH)D levels

<50 nmol L�1] were at increased risk of developing Alz-

heimer’s disease compared to those with 25(OH)D levels

of ≥50 nmol L�1 (33). A significantly higher risk of

dementia was also found in vitamin D-deficient individu-

als. Ferat et al. (34) evaluated the relationship between

Table 1 Characteristics of individuals according to the variables

studied: Sider�opolis and Treviso, Santa Catarina, Brazil, 2016

(n = 165)

Variables n %

Sex

Male 61 37.0

Female 104 63.0

Ethnicity

Italian 147 89.2

Portuguese 7 4.2

Brazilian 5 3.0

Italian and Portuguese 1 0.6

Italian and Brazilian 1 0.6

German 3 1.8

Spanish 1 0.6

Living area

Urban 57 34.6

Rural 108 65.4

Income (MMW)

≤1 48 29.1

>1 117 70.9

Family history of dementia

No 146 88.5

Yes 19 11.5

Body mass index

Underweight 51 30.9

Normal 59 35.8

Overweight 55 33.3

Diabetes

No 137 83.0

Yes 28 17.0

Hypertension

No 40 24.2

Yes 125 75.8

Cardiomyopathies

No 110 66.7

Yes 55 33.3

Cognitive decline

No 107 64.8

Yes 58 35.2

Age (years)

Mean 84.8

SD 3.7

Schooling (years)

Mean 3.0

SD 1.8

MMW, monthly minimum wage.
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vitamin D concentrations and cognitive decline, dementia

and Alzheimer’s disease in 916 elderly people with a

mean age of 73.3 years, finding an association between

low levels of vitamin D and rapid cognitive decline and

an increased risk of dementia and Alzheimer’s disease.

This association appears to be independent of ethnicity,

as reported in a longitudinal multiethnic cohort study

that followed 382 elderly individuals with a mean age of

75.5 years (35). The study showed that low vitamin D

levels were associated with an accelerated decline in

domains of cognitive function in elderly individuals of

different ethnicities, including African American and His-

panic individuals who had a high prevalence of vitamin

D deficiency.

The results of the present study show that, in elderly

individuals aged 80 years or older, high concentrations of

vitamin B12 (≥496 pg mL�1) were a risk factor for cogni-

tive decline. We did not find any other study in the liter-

ature with these findings. We were careful to evaluate the

vitamin B12 levels in a random sample of 10% of partici-

pants, as well as to calibrate the device, and the findings

were the same.

A clinical trial that evaluated 818 participants (men

and women aged 50–70 years) receiving 800 lg daily of

oral folic acid or placebo for 3 years showed a significant

improvement in the domains of cognitive function that

tend to decline with age (36). Another clinical trial includ-

ing 195 subjects aged ≥70 years who were randomised

into three groups that received 1000 lg of vitamin B12,

1000 lg of vitamin B12 + 400 lg of folic acid or placebo

for 24 weeks showed that oral supplementation with vita-

min B12 alone or in combination with folic acid did not

improve cognitive function (37). A systematic review cor-

roborated these findings and concluded that there was no

adequate evidence of an effect of vitamin B12 used alone

or in combination on cognitive function testing (38).

Although we did not find data in the literature relating

high levels of vitamin B12 with cognitive damage, a high

level of vitamin B associated with damage to health has

been found. Capello et al. (2017) showed that elevated

plasma vitamin B12 concentrations (>1000 pg mL�1) had

a significant association (>1000 pg mL�1) with mortality

in hospitalised patients The risk of the in-hospital mortal-

ity was 2.20 (range 1.56–3.08; P < 0.001), independent of

age, gender and body mass index (39). Hemmersbach-

Miller et al. (2005) reported the available vitamin B12
levels for 366 patients: 187 nonagenarians and 179 con-

trols aged 65–75 years. Median serum vitamin B12 levels

of the patients who died were significantly higher than

those of the patients who survived (696.5 pg mL�1 versus

442.1 pg mL�1) (40). Similarly, Bazt�an et al. (2010) anal-

ysed the association between vitamin B12 level and intra-

hospital mortality in 1160 patients aged 65 years and

older, with an average length of stay of 10.3 � 7.9 days

and a hospital mortality rate of 10.1%. The greater risk of

death associated with vitamin B12 levels of

≥481 pmol L�1. The importance of the dosage of plasma

levels of vitamin B12 for elderly patients at the time of

hospital admission was also suggested as a result of its

strong relationship with mortality (41).

Beyond these conditions, high levels of serum vitamin

B12 have been associated with renal failure (>900 ng L�1) (42)

and cancer, leukaemias and myeloproliferative neo-

plasms (43,44). Arendt et al. (2017) demonstrated that high

plasma vitamin B12 levels are associated with a risk for

venous thromboembolism in cancer patients (45).

Recently, Spence (46) reported a study performed with

elderly people aged ≥85 years showing serum levels of

vitamin B12 >600 pmol L�1 to be associated with the risk

of cardiovascular events. All of these conditions, although

reported in the literature, require further studies to

explain the mechanisms involved.

A limitation of the present study is the study design. A

cross-sectional analysis does not enable a cause–effect
relationship to be to inferred. However, the methodology

employed followed all of the epidemiological

Table 2 Crude and adjusted analyses of the association between vitamin D, vitamin B12 and cognitive decline: Sider�opolis and Treviso, Santa

Catarina, Brazil, 2016 (n = 165)

n

Crude analyses Adjusted analyses*

PR (95% CI) P PR (95% CI) P

Vitamin D (ng mL�1) 0.045 0.008

≤18 40 Reference Reference

19 or more 123 0.65 (0.43–0.99) 0.59 (0.39–0.87)

Vitamin B12 (pg L�1) 0.081 0.027

≤495 40 Reference Reference

496 or more 123 1.73 (0.93–3.22) 1.90 (1.08–3.36)

*Adjusted analyses for age, sex, ethnicity, schooling, income, body mass index, systemic arterial hypertension, diabetes mellitus, cardiomyopathy,

family history of dementia and living area.

CI, confidence interval; PR, prevalence ratio.

522 ª 2019 The British Dietetic Association Ltd.

Vitamins D and B12 and cognitive impairment M. I. da Rosa et al.



requirements for this design. A quality control was per-

formed with reanalysis of a sample of examinations, as

well as calibration of the equipment used. Thus, we sug-

gest that further studies be conducted to clarify the causes

of this association.

Conclusions

In conclusion, the results of the present study show that

individuals 80 years or older who had vitamin D levels of

≤18 ng mL�1 had a higher prevalence of cognitive decline

even after adjustment for potential confounders. In addi-

tion, the study demonstrated that vitamin B12 levels of

≥496 pg mL�1 in this population were also a risk factor

for cognitive decline. These findings highlight the need

for the prevention of cognitive decline in elderly people.

A cross-sectional analysis does not enable to infer a

cause–effect relationship, and additional studies evaluat-

ing this population are needed to understand these rela-

tionships.
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Abstract

Background: Coeliac disease is an autoimmune enteropathy characterised

by mucosal inflammation subsequent to gluten exposure, leading to malab-

sorption. Treatment is strict dietary control, relying on the patient’s ability

to maintain lifestyle modifications. The present study aimed to compare

clinical presentation and adherence to a gluten-free diet between South

Asian and Caucasian patients with coeliac disease in East Lancashire

Methods: In total, 33 South Asian and 113 Caucasian adult patients diag-

nosed with coeliac disease under the care of the Dietetics Department at

East Lancashire Hospitals NHS Trust were selected using a convenience

sampling method and then allocated to the South Asian or Caucasian

group. A subjective assessment of dietetic notes from follow-up visits within

1 year of the first appointment was undertaken by two investigators who

subsequently allocated the patients to one of the three categories: (i) fully-

adherent; (ii) partly-adherent; and (iii) non-adherent. Presenting complaint,

vitamin D, vitamin B12, folate and ferritin levels were also compared.

Results: There was a significant difference in adherence to gluten-free diet

between the groups, with a larger proportion of Caucasian patients being

fully adherent to gluten-free diet compared to South Asian patients (64.6%

versus 12.1%, P < 0.001). In addition, a significantly higher proportion of

South Asian patients were vitamin D deficient compared with Caucasian

patients (70.8% versus 32.8%, P = 0.002).

Conclusions: The rates of strict adherence to gluten-free diet and vitamin D

levels were significantly lower in South Asian patients with coeliac disease

compared to the Caucasian coeliac population. Further studies are required to

investigate the causes and improve adherence in the South Asian population.

• Compliance with a gluten-free diet in different

populations is poorly documented, especially in the

UK

• The little evidence that exists suggests that compli-

ance with a gluten-free diet is lower in the South

Asian population compared to Caucasians

• There are multifactorial reasons for this

• Our research provides evidence that South Asians

have poorer compliance compared to Caucasians

with a gluten-free diet

• Vitamin D levels were also significantly lower in

the South Asian population group compared to

the Caucasian group, although, again, the reasons

for this are likely multifactorial

Introduction

Coeliac disease is an autoimmune enteropathy of the

small bowel characterised by mucosal inflammation fol-

lowing gluten exposure, which leads to malabsorption (1).
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Vitamin and nutritional deficiencies are prevalent in coe-

liac disease patients (2). A lack of adherence to gluten-free

diet can exacerbate symptoms of coeliac disease, as well

as cause long-term complications (3). Although there are

broad management options for coeliac disease, the main-

stay of treatment is strict dietary control, relying on the

patient’s ability to maintain significant lifestyle modifica-

tions (4). The prevalence of coeliac disease in the general

population is approximately 1% (1). The orthodox view

of coeliac disease is that it was particularly associated

with patients of Celtic origin (5). However, diagnosis rates

of coeliac disease, particularly amongst South Asian

patients, have increased markedly compared to the

reported rates in the 1970s (6).

According to the 2011 census, more than 4% of the

UK population are of South Asian background. This is

higher in the Blackburn with Darwen and Burnley areas

with a population of 530 000, where 26.5% and almost

10%, respectively, have a South Asian background (7).

East Lancashire Teaching Hospitals, which provides much

of the secondary care for these residents, has a dedicated

gastroenterologist-led service for patients with coeliac dis-

ease. They provide all patients with regular dietetic sup-

port until the gluten-free diet is established and

symptoms are resolved. Annual reviews are then initiated,

which include an assessment of dietary adherence, symp-

tom review and monitoring of biochemistry in accor-

dance with the British Society of Gastroenterology

Guidelines (8).

Of the many barriers clinicians must overcome to

ensure effective care, it is vital that patients adhere to

their prescribed medication. From clinical practice, we

have found that ensuring adherence within the South

Asian population can be challenging. Research has cor-

roborated this and suggested that cultural speculation to

novel medical treatments and a lack of patient under-

standing could be significant factors preventing the

patients’ adherence to a gluten-free diet (9,10). A study by

Muhammad et al. (11) shows that a significantly larger

proportion of Asian patients with coeliac disease report

problems understanding what foods they can eat. Simi-

larly, in the same study, a significantly larger proportion

of Asian patients reported an inability to understand food

labelling. A previous study by Butterworth et al. (12) fea-

turing a small cohort of South Asian patients with coeliac

disease suggested that they are less likely than Caucasian

patients to attend dietetic clinic, join the Coeliac Society,

and be satisfied with information provided by doctors

and dietitians. These factors were identified as correlating

with dietary adherence in the Caucasian cohort. A previ-

ous study by Singh and Whelan (13) identified a limited

availability and higher price of gluten-free foods. Cultural

and behavioural influences may be relevant with respect

to maintaining dietary adherence in South Asian patients

with coeliac disease because there is evidence of the

important role that these factors play in dietary adherence

in South Asian patients with type 2 diabetes (14–16). In

our literature search, we have found very little data com-

paring adherence of South Asians and Caucasians in the

management of coeliac disease. The recent cross-sectional

study by Muhammad et al. (11) found no significant dif-

ferences in self-reported adherence between Caucasian

and South Asian patients with coeliac disease. That study

used the validated Coeliac Disease Adherence Test to

indicate adherence, although it was reliant on a response

to a postal invitation and found significant differences

between the groups in terms of the response rate. A study

by Holmes and Moor (17), relying on reviews by an expe-

rienced dietitian to assess adherence, found that a signifi-

cantly smaller number of South Asian patients with

coeliac disease were fully adherent with a gluten-free diet

than Caucasian patients. Butterworth et al. (12) reported

that the correlation between self-reported adherence to a

gluten-free diet and negative endomysial antibodies, as

well as with small bowel histological recovery, was signifi-

cant in a Caucasian population, although this was not

seen in South Asian patients with coeliac disease. Further-

more, sparse data are available comparing the clinical

presentation and biochemical differences in patients with

coeliac disease between both ethnicities. One study has

shown that South Asian patients were less likely to pre-

sent with ‘irritable bowel syndrome’ symptoms and were

more likely to have features of vitamin D deficiency than

Caucasians (18). Another study has shown that South

Asian patients with coeliac disease were less likely to pre-

sent with diarrhoea than Caucasian patients and more

likely to present with anaemia than their Caucasian coun-

terpart (17).

Given the sparsity of data, we aimed to investigate fur-

ther whether there were significant differences between

the two populations presentation, as well as whether there

was a difference in the adherence of said patients.

Materials and methods

Data were collected retrospectively from the dietetic coe-

liac disease database at East Lancashire Hospitals NHS

Trust. Patients from the dietetic database were selected

using convenience sampling method and allocated appro-

priately to the South Asian or Caucasian group. Data

were not evaluated for demographic parameters (e.g. sex

and age) distribution. At the time of the original appoint-

ments, gluten-free products were available on prescription

within East Lancashire. However, the notes were not

assessed for the use of prescriptions for gluten-free prod-

ucts. Because the data were collected retrospectively and
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were anonymised, consent was not taken from the

patients. The study was approved by the local Research

and Development Department and no further ethical

approval was required.

The dietetic notes including prospective food diaries,

coeliac serology and comprehensive dietetic assessment by

specialist dietitian were scrutinised retrospectively by two

investigators to assess adherence. The investigators subjec-

tively assessed the notes to allocate patients to one of the

three arbitrary categories. Patients were considered non-

adherent with a gluten-free diet if they were purposefully

taking gluten in their diet and partly adherent if they

were actively engaging in maintaining a gluten-free diet

but were accidentally ingesting gluten (e.g. through con-

tamination). Full adherence was recorded if patients had

successfully achieved a gluten-free diet.

The patient’s clinical presentation prior to coeliac dis-

ease diagnosis was also documented. Patients with ‘persis-

tent or unexplained abdominal symptoms or symptoms

of irritable bowel syndrome’ were grouped under the

term ‘GI (gastrointestinal) symptoms’. In addition, the

patient’s latest prediagnosis, or in their absence, earliest

post-diagnosis vitamin D, vitamin B12, folate and ferritin

levels were noted. In most cases, blood tests would have

been taken prior to introduction of gluten-free diet.

Occasionally, tests might have been taken shortly after

introduction of gluten-free diet. The results, including

vitamin D levels, were interpreted in accordance with

contemporaneous local laboratory normal limits as dis-

played in an electronic medical record system. No data

on treatment, including vitamin or mineral supplementa-

tion, were collected.

Results were recorded using EXCEL (Microsoft Corp.,

Redmond, WA, USA) and data comparisons were made

using the Fisher’s exact test. P ≤ 0.05 was considered sta-

tistically significant.

Results

Thirty-three South Asian and 113 Caucasian patients data

was collected. Patients were selected using convenience

sampling method. There was a significant difference in

adherence to the gluten-free diet between South Asian

patients and Caucasian patients, with a larger proportion

of Caucasian patients being fully adherent compared to

South Asian patients (64.6% versus 12.1%, P < 0.001). In

addition, a significantly higher proportion of South Asian

patients were vitamin D deficient compared to Caucasian

patients (70.8% versus 32.8%, P = 0.002). There were no

statistically significant differences between South Asian and

Caucasian patients in terms of the proportion of patients

who had low B12/folate and low ferritin and the proportion

of patients presenting with gastrointestinal symptoms.

There were missing data for some of the variables and

this is reflected in the changing sample sizes presented in

Table 1 for the different comparisons. Where compar-

isons were made between South Asian and Caucasian

patients who had all data completed, the results reflect

that found in the aforementioned comparison.

Discussion

We have already noted that there is a scarcity of data

measuring adherence amongst the South Asian popula-

tion in maintaining a gluten-free diet compared to Cau-

casians in the UK. The reasons behind the significantly

decreased adherence found in the present study are likely

to be complex. Other studies comparing adherence in

patients with different pathologies from different ethnici-

ties (e.g. diabetes mellitus may offer an explanation).

South Asians are less likely to engage with their pre-

scribed medication. Language barriers may also be a bar-

rier to adherence amongst South Asians, although the

importance appears to be decreasing over time as a result

of the relative decrease in first-generation migrants (14).

Matching groups with respect to age and sex or standard-

isation may address this point in future studies.

Blackburn with Darwen and Burnley each had six of

the eight local authority summary measures ranked

amongst the 50 most deprived positions within England

in the 2015 census (19). The recent review of commission-

ing of gluten-free products for patients with coeliac dis-

ease (20–22) led to the withdrawal of prescription available

gluten-free staples for which we anticipate a further

impact on adherence with a gluten-free diet amongst the

Table 1 Comparisons between Asian and Caucasian patients with

coeliac disease

South Asian

(n = 33)

Caucasian

(n = 113) P-value

Adherence, n (%)

Non-adherent 13 (39.4) 19 (16.8)

Partly adherent 16 (48.5) 21 (18.6)

Fully adherent 4 (12.1) 73 (64.6) <0.001

n = 28 n = 113

Presenting with gastrointestinal symptoms, n (%)

Yes 19 (67.9) 69 (61.1) 0.663

n = 28 n = 108

Low B12/folate, n (%)

Yes 3 (10.7) 9 (8.3) 0.711

n = 26 n = 112

Low ferritin, n (%)

Yes 14 (53.8) 50 (44.6) 0.513

n = 25 n = 99

Vitamin D deficient, n (%)

Yes 17 (70.8) 21 (32.8) 0.002
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population of East Lancashire. This corroborates research

which showed patients who did not receive gluten-free

foods on prescription were less likely to be adherent to

the gluten-free diet (11). Dietary non-adherence in coeliac

disease has proven long term complications (23).

It is crucial that a culturally appropriate method is

adopted when trying to address clinical treatments.

Patients’ understanding of their condition should be

determined when delivering treatment for a particular

condition. Targeted education tools have been developed

for the South Asian population living in the UK; for

example, for patients with type 2 diabetes (14). Neverthe-

less, studies in Asian patients with type 2 diabetes suggest

that healthcare professionals should be aware that patient

education does not always translate in to positive long-

term results and there is often a need to engage family in

the process (15). This may also apply to maintaining a

gluten-free diet. Dietetic assessment of our South Asian

patient group reveals the diet to be reliant on wheat-

based products (24). From clinical experience, we have

found that South Asian families are more likely to use

the same pottery and cutlery for cooking meals, so allow-

ing cross-contamination of gluten. This could be related

to the inconvenience of having to cook separate meals in

a population who emphasise the importance of having

their family and group meals together. This was demon-

strated in a study by Lawton et al. (2008) investigating

dietary habits in Asian patients with type 2 diabetes (16).

In that study, patients reported a stigma associated to eat-

ing differently to the rest of family or group. In addition,

another study has shown that South Asian patients with

coeliac disease were less likely to attend dietetic appoint-

ments, join the Coeliac UK charity and less likely to be

satisfied by the information given to them about their

condition from healthcare professionals (12). Dietetic doc-

umentation of the reasons for non-adherence in the pre-

sent study was limited.

The present study showed that South Asian patients

were significantly more likely to be vitamin D deficient

compared to their Caucasian counterparts. This corrobo-

rates previous research reporting a statistically significant

difference (18). It is well known that vitamin D deficiency

is prevalent in the South Asian population with the aeti-

ology being multifactorial (25). Studies showing low levels

of vitamin D in South Asian patients’ living in areas with

plentiful sunlight have challenged the widespread belief

that low levels of sunlight exposure was the major cause

for vitamin D deficiency (26). More recent work in the

USA has suggested that South Asians metabolise vitamin

D faster (27). Regardless of the cause, the predisposition

of South Asians to suffer with vitamin D deficiency is

likely to be exacerbated by coeliac disease, with various

studies showing deficiencies in fat soluble vitamins. We

have demonstrated vitamin D deficiency can be as high as

80% in South Asian patients with coeliac disease, which

confirms the need for this patient group to be screened

for vitamin D deficiency and a review conducted regard-

ing their treatment (22,28).

There were several limitations to the present study.

Three-day food diaries, 24-h recall and tissue transglu-

taminase (TTG) serology were used to assess dietary

adherence together with direct questioning around adher-

ence. Although food diaries and 24-h recall are validated

dietary assessment methods, it is known these are subject

to weaknesses, such as recall bias, misreporting and social

desirability response bias. Future studies may use the

Coeliac Dietary Adherence Test (CDAT), a seven-item

questionnaire, to standardise evaluation of gluten-free diet

adherence (29). In addition, the Coeliac Disease Assess-

ment questionnaire (CDAQ) may be utilised to assess

quality of life, stigma, dietary burden, symptoms, social

isolation and concerns (30). Although TTG levels were

reviewed by the dietician, this was only used to guide

assessment by the dietician of the patient’s overall adher-

ence and specific TTG results were not available for

review. A future study would benefit from directly com-

paring TTG levels between the two ethnic populations as

an independent indicator of adherence.

Although only two specialist dieticians were involved

and a strict consultation guideline followed, it is possible

that the results could have been skewed through subjec-

tive assessments. Two investigators assessed the notes

aiming to minimise the impact of bias on interpreting the

dietetic records. Nevertheless, it is possible that intersub-

jective differences might have occurred. We obtained the

earliest vitamin D, folate and ferritin levels, ideally prior

to the patient commencing a gluten-free diet following a

diagnosis of coeliac disease. However, on occasion, the

levels had only been tested subsequent to the introduc-

tion of a gluten-free diet. There were also missing data

for some of the variables, although our subgroup analysis

indicates that this finding is unaffected. Finally, because

patient populations were not assessed for other variables,

such as age, socio-economic status or co-morbidities,

confounding variables might be present.

The results of the present study are being reported in

the context of recent studies on dietary adherence in

South Asian patients with coeliac disease, including stud-

ies by Butterworth et al. (12), Holmes and Moor (17) and

Muhammad et al. (11). Given the scarcity of evidence in

this area, the existing studies offer invaluable insight into

the characteristics of clinical presentation and dietary

adherence within this group of patients. The results of

the present study regarding the difference in rates of diet-

ary adherence between Asian and Caucasian patients with

coeliac disease corroborate the results of the study by
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Holmes et al. (17), although they demonstrate a greater

difference in the rates of dietary adherence between the

two populations. Our results differ from the results of the

study by Muhammad et al. (11) who found no significant

difference in dietary adherence between Asian and

Caucasian patients with coeliac disease. We consider that

the differences between the results may result from differ-

ent methodology of the studies. The study by Holmes

et al. (17) utilised expert-led assessment. Although this

method reduces reliance on self-assessment by patients, it

may involve a degree of subjective assessment, especially

when only one clinician is involved in assessing dietary

adherence. The aim of the study was to describe demo-

graphics and clinical presentation, whereas adherence to

gluten-free diet was not the only or primary measured

variable. The study by Muhammad et al. (11) used self-

scoring questionnaires. This methodology has two poten-

tial weaknesses. First, the study relied on patients return-

ing the filled questionnaires via correspondence. Not only

was the overall return rate 39%, but also there was also a

significantly lower rate of returned questionnaires among

Asian patients compared to the Caucasian cohort (26.6%

versus 40.7%). The survey methodology is also open to

selection bias. Second, the questionnaire was validated

against standardised dietitian assessment and biochemical

markers in a cohort of 80 patients (the questionnaire

scoring was initially derived from a cohort of 120

patients) (29) and it was not specifically validated in South

Asian patients. In the present study, we retrospectively

reviewed dietitian assessments and biochemical markers

directly, as well as food diaries. We decided that this

methodology would be more appropriate for studying the

new population, where self-assessment questionnaires had

not been specifically validated. We consider that future

studies on dietary adherence in South Asian patients with

coeliac disease may become more robust through com-

bining dietitian-led assessment, including food diaries,

with validated self-assessment questionnaires. Prospective

collection of data, including demographic information,

from larger cohorts of patients would be optimal to anal-

yse subgroups of patients and reveal confounding factors.

A study involving prospective structured interview in a

cohort of South Asian patients with coeliac disease who

do not adhere strictly to gluten-free diet may be useful to

reveal the specific causes for low dietary adherence rate.

Conclusions

As far as we are aware, the present study is one of the

few studies comparing adherence to a gluten-free diet

between Caucasians and South Asians using data col-

lected by dietitians. From our own literary research, it is

clear that, to date, comparisons of adherence between

ethnicities are scarce. The recent study using correspon-

dence self-scoring questionnaires by Muhammad et al.
(11) did not find difference in dietary adherence between

South Asian and Caucasian patients with coeliac disease.

The study by Holmes and Moor (17) using expert assess-

ment found significantly lower rates of strict adherence to

gluten-free diet in South Asian patients with coeliac dis-

ease than Caucasian patients.

We found Caucasian patients were significantly more

likely to be fully adherent to a gluten-free diet compared

with South Asian patients (P < 0.001). In addition Cau-

casian patients were less likely to be vitamin D deficient

compared with South Asian patients (P = 0.002). Because

this is an observational study, we cannot conclude that the

results are causally related to a specific genetic or environ-

mental factor in the two ethnicities. Although the causes

for the differences are likely to be complex, our results

comparing adherence between Caucasians and South

Asians are consistent with a previous study in the UK in

which patient’s self-rated their adherence (12). In their

training and practice dietitians consider a multitude of fac-

tors affecting dietary adherence, including psychological,

ethnical, cultural influences and practical aspects. With an

increasing focus on patient-centred care, physicians, dieti-

tians and other members of the multidisciplinary team

should tailor their counselling on a gluten-free diet to the

individual, bearing in mind ethnic and cultural differences.
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Abstract

Background: Monitoring activity-related energy expenditure (EE) is essential

in the management of daily activity and the dietary programme in patients

with type 2 diabetes (T2D) and must be estimated accurately. Accelerome-

try-based equations have frequently used to estimate EE, although the valid-

ity of these methods has not been confirmed in patients with T2D. The

present study aimed to test the validity of an accelerometry-based method

(Bouten’s method) to assess EE during walking in patients with T2D.

Methods: The study included 20 patients with controlled T2D [mean (SD)

duration: 10.6 (6.1) years; age: 57.5 (8.4) years; body mass index:

26.4 (2.6) kg m�²]. All participants performed five 6-min periods of walk-

ing at different speeds (0.5–1.5 m s�1) on a treadmill. Mechanical data were

recorded using an inertial measurement unit placed on the lower back with

gas exchange being simultaneously monitored.

Results: Values of EE during walking estimated by the accelerometer

method did not differ significantly from those measured by

indirect calorimetry. Bias and root mean square error were �1.17 and

2.93 kJ min�1, respectively, on average across speeds.

Conclusions: Our results suggest that EE during walking may be accurately

estimated in patients with diabetes mellitus using an accelerometer.

Introduction

In association with a balanced diet, physical activity (PA)

represents the cornerstone of diabetes mellitus [type 2

diabetes (T2D)] treatment by improving insulin sensitiv-

ity and glycaemic control (1). General guidelines recom-

mend practicing PA at moderate intensity for at least

30 min, 5 days per week, corresponding to accumulate an

activity-related energy expenditure (EE) of at least

3347 kJ week�1 to be sufficiently active (2). Walking is a

popular and convenient form of exercise, often encour-

aged for persons with T2D. Thus, activity-based health

management necessitates accurate EE of walking evalua-

tion to be effective.

In 1994, Bouten et al. (3) proposed a reliable method to

estimate EE of walking using data from one triaxial

accelerometer placed on the lower back of the partici-

pants. This method has been shown to be well-suited for

estimating EE of walking in young and middle-aged

healthy persons (4,5). However, it has never been tested in

T2D patients, in whom the metabolic rate is enhanced by

gait alterations such as an increased step frequency, mus-

cle activations, and co-contractions of antagonist muscles

at the ankle and knee joints (6).

The present study therefore aimed to test the validity

of using an accelerometer-based method for estimating

EE of walking in T2D patients compared to indirect

calorimetry.

Materials and methods

The present study included 12 women and eight men,

with controlled T2D (fasting glycaemia ranging from 1.2

to 1.8 g L�1), aged between 40 and 75 years, with a body

mass index (BMI) between 20 and 29.9 kg m�2, and with

no known orthopaedic or neurological disorders that
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could interfere with their walking pattern. Characteristics

of all study volunteers are presented in Table 1. All par-

ticipants provided their written consent after being fully

informed of the test procedure, which was conducted in

accordance with the Declaration of Helsinki.

Protocol

The study was conducted 3 h after the last meal and fol-

lowing a 24-h period without smoking, alcohol or physi-

cal exercise. It consisted of five, 6-min trials of walking

(0.5, 0.75, 1, 1.25 and 1.50 m s�1 in a randomised order)

on a motorised treadmill, separated by 5 min of rest

between trials.

Metabolic data

Gas exchange was measured breath-by-breath using an

indirect calorimetry system (Ergostik; Geratherm Medical

AG, Geschwenda, Germany). Gross EE was calculated

during the last minute of each trial using Weir’s equa-

tion (7). Finally, EE of walking was obtained by subtract-

ing basal EE, as estimated from WHO’s equation (8),

from gross EE, and was considered thereafter as the refer-

ence method.

Mechanical data

Acceleration data along three axes were recorded using an

inertial measurement unit (MTwTM; Xsens, Enschede, The

Netherlands) with a sampling rate of 75 Hz, placed on

the lower back. Data were low-pass and high-pass filtered

at 20 and 0.2 Hz, respectively, to attenuate signal noise

and remove the gravitational component (9). Estimated

EE of walking was calculated for the last minute of each

trial using Bouten’s equation (3):

EE ðW � kg�1Þ ¼ 0:104þ 0:023� IAAtot

where IAAtot is the integral of the absolute value of accel-

eration over a 30 s interval.

Statistical analysis

A two-way (speed 9 method) repeated measures analysis

of variance was conducted to analyse the effects of walk-

ing speed and method on EE of walking. If an interaction

or an effect of one of the two main factors was signifi-

cant, post-hoc tests with Bonferroni correction were con-

ducted. A Bland–Altman plot (10) was used to assess the

agreement between Bouten’s equation and the reference

method. Bias and root mean square error (RMSE) were

used as evaluation criteria for the accuracy of estimated

EE of walking. P < 0.05 was considered statistically

significant.

Results

On average across speeds, values of EE of walking esti-

mated by Bouten’s equation did not differ significantly

from those calculated by indirect calorimetry (P = 0.17

and 0.21 for the main effect of method and combined

effect of speed 9 method on EE of walking, respectively).

A mean bias value of �1.17 kJ min�1 and a mean

RMSE value of 2.93 kJ min�1 were found between EE of

walking estimated from accelerometer data and EE calcu-

lated by indirect calorimetry (Table 2). The Bland–Alt-
man plot is presented in Fig. 1.

Discussion

The results obtained in the present study demonstrate

that the accelerometer method based on Bouten’s equa-

tion is a reliable approach for estimating EE of walking in

T2D patients comprising men and women with a large

range of age and BMI (age 40–74 years; BMI 20.9–
29.4 kg�m�²). The slight underestimation of EE of walk-

ing (mean bias: �1.17 kJ min�1) compared with indirect

calorimetry could be explained by the age and physical

condition differences between our participants and those

used in Bouten et al. (3).

The mean RMSE of T2D patients in the present study

was higher than in healthy middle-aged participants in a

recent study conducted by our research group (4) (2.93

versus 1.81 kJ min�1, respectively), perhaps as a result of

the elevated EE of walking observed in T2D patients com-

pared with their healthy peers (6). Finally, the relative bias

observed in the present study was lower than in the study

conducted by Machac et al. (11), evaluating the validity of

accelerometers for estimating gross EE of walking

Table 1 Subject characteristics

Parameters

Women

(n = 12)

Men

(n = 8)

All participants

(n = 20)

Age (years) 59.1 (9.2) 55.1 (6.9) 57.5 (40–74)

Weight (kg) 65.7 (9.5) 78.8 (12.4) 70.9 (53–90)

Height (m) 1.57 (0.08) 1.73 (0.06) 1.63 (1.48–1.81)

BMI (kg m�2) 26.5 (2.4) 26.2 (3.1) 26.4 (21.0–29.4)

FBG (g L�1) 1.48 (0.15) 1.45 (0.18) 1.47 (1.30–1.71)

Diabetes

duration (year)

12.1 (6.5) 8.4 (5.0) 10.6 (2–26)

Ethnic origin (%)

White European 33.3 (n = 4) 62.5 (n = 5) 45 (n = 9)

M�etis 66.7 (n = 8) 37.5 (n = 3) 55 (n = 11)

Values are the mean (SD) and mean (range).

BMI, body mass index; FBG, fasting blood glucose.

532 ª 2019 The British Dietetic Association Ltd.

Walking energy expenditure and diabetes N. Caron et al.



(�12.8% to �0.3% versus 70% to 75% and 78% to 81%

for the Omron (Omron Healthcare, Kyoto, Japan) and

SenseWear Armband Pro3 (BodyMedia, Pittsburgh, PN,

USA), respectively).

The results of the present study provide clinical rele-

vance for exercise prescription. The EE represents an

objective measure of the amount of PA, unlike a amount

of time at a relative intensity of exercise. Thus, accurately

estimating EE may allow refinement of the dose–response
relationship between PA and its benefits on patient’s

health and improved individualisation of exercise pre-

scription. Indeed, the recommendation of 30 min of

moderate intensity exercise may lead to various EE

(according to patient’s weight, age or representation of

relative intensity) that might explain the divergence of

results reported in the previous literature (12).

In conclusion, Bouten’s method accurately estimated EE

during light to moderate-intensity walking in T2D patients

and can thus better inform patients and practitioners about

their EE during this popular form of PA. Future research

should test the validity of this method in daily life.
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Abstract

Background: The lack of a valid instrument to measure patient-centred care

(PCC) in dietetic practice makes it challenging to evaluate how patient-

centred dietitians are. The present study aimed to develop and psychometri-

cally test a dietitian-reported inventory to measure PCC in dietetic practice.

Methods: The inventory was compiled based on a literature review of exist-

ing validated scales that measured the dimensions of PCC. Next, the inven-

tory was distributed as a cross-sectional survey to 180 Australian Accredited

Practicing Dietitians who worked in primary care. Exploratory factor analy-

sis was performed using principal component analysis with Promax rota-

tion. Cronbach’s alpha (criteria ≥0.80), inter-item correlations and corrected

item-total correlations (criteria 0.30–0.70) were computed to evaluate the

internal consistency of each scale.

Results: Five factors were extracted accounting for 56.9% of the variance.

Most variables had strong loadings on only one factor. Factors were labelled

as: shared decision-making; holistic and individualised care; patient–dietitian
communication; knowing the patient; and caring patient–dietitian relation-

ships. Cronbach’s alpha was 0.94 for the total inventory and ranged from

0.73 to 0.91 for the individual factors. Inter-item correlations and corrected

item-total correlations mostly fell in the desired range.

Conclusions: The present study offers a preliminary, conceptually grounded

dietitian-reported inventory, which is the first instrument developed and

tested to measure PCC in dietetic practice. These findings illustrate the

underlying factor structure of the inventory and support the reliability of the

scales. With further testing, this inventory may provide useful to clinicians

and researchers working to better understand and improve dietetic practice.

Introduction

Patient-centred care (PCC) is globally recognised as an

important component of high-quality care (1–3). The clear

ethical and clinical justifications for PCC have resulted in

strong advocacy by governments and health organisations

across the world (2–4). Internationally, PCC has been

advocated for by the US Institute of Medicine (5); the

Picker Institute (6); the International Alliance of Patients’

Organisations (3); the UK Health Foundation (2); and the

Australian Commission on Safety and Quality in

Healthcare (1), to name a few. Clearly, the importance of

PCC is well understood by key stakeholders in healthcare

systems.

Dietitians play an important role in assisting patients

in the prevention and management of chronic disease,

particularly in the primary care setting (7). Patients want

to have positive relationships with their dietitians, be

535ª 2019 The British Dietetic Association Ltd.

Journal of Human Nutrition and Dietetics

https://orcid.org/0000-0003-1544-0087
https://orcid.org/0000-0003-1544-0087
https://orcid.org/0000-0003-1544-0087
https://orcid.org/0000-0002-5394-0931
https://orcid.org/0000-0002-5394-0931
https://orcid.org/0000-0002-5394-0931
mailto:
https://doi.org/10.1111/jhn.12644


involved in decision-making, and receive care that is tai-

lored to their unique needs and preferences (8–13). It is

therefore important that dietitians are competent in

patient-centred practices (14).

There has been no instrument developed or validated

to measure PCC in the dietetic setting. Consequently,

PCC has not been measured in dietetics, which makes

it challenging to evaluate how patient-centred dietitians

are (8). Patient-centred care is an experiential concept,

and self-administered measurement tools have the bene-

fit of obtaining the views of individuals specifically

involved in the care experience (i.e. healthcare profession-

als and patients). Therefore, the present study aimed to

compile and test an inventory to capture dietitians’ views

of PCC in their own practice. The resulting instrument

has the potential to facilitate dietitians’ evaluations of

their patient-centred practices and assist dietitians to

focus on areas where they can enhance/optimise their

practice.

Materials and methods

Overview

The study aimed to develop and test a dietitian-reported

inventory to measure PCC in dietetic practice. The study

included two stages: (i) the first stage involved compiling

the inventory based on a literature review of existing vali-

dated scales that measure dimensions of PCC, and map-

ping them to a conceptual model of PCC in dietetic

practice. Next, cognitive interviews were undertaken with

a sample of dietitians (n = 10) to check respondents’

interpretation of items and item response options (15). (ii)

In the second stage, the inventory was distributed as a

cross-sectional survey to Accredited Practicing Dietitians

(APDs) who worked in primary care, and the construct

validity and internal consistency of the inventory were

evaluated. Approval was obtained from the institution’s

Human Research Ethics Committee (REF: 2017/730). Par-

ticipation was voluntary and only non-identifiable data

were collected. No incentive was provided.

The conceptual model

The conceptual model of PCC in dietetics (Fig. 1) was

developed based on literature from other healthcare con-

texts (16–18); an integrative review of the literature relating

to PCC in the dietetic setting (8); and evidence from a

qualitative study that explored patients’ experiences and

perspectives of PCC in dietetic consultations (9). The

model has five dimensions, as illustrated in Fig. 1: (i)

effective patient–dietitian communication; (ii) establishing

positive patient–dietitian relationships; (iii) providing

holistic care that accounts for the patient as a whole per-

son; (iv) individualising care to patients’ unique needs

and circumstances; and (v) engaging patients in shared

decision-making. This work is the first to comprehen-

sively describe PCC and its comprising dimensions specif-

ically in the dietetic setting.

Development of the inventory

A literature search was conducted and identified existing

scales developed to measure dimensions of PCC. Scales

were considered for inclusion in the inventory if they: (i)

were a self-administered questionnaire designed for use by

health professionals and/or patients; (ii) designed to mea-

sure one of the five dimensions of PCC identified in the

conceptual model; (iii) provided a clear description of the

theoretical/conceptual basis of the instrument; and (iv)

psychometric results were available to support the con-

struct validity and reliability of the instrument. After in-

depth analysis and discussion, the research team identified

five scales that best met these criteria. Details regarding

previous literature that informed the development of the

conceptual model, the five scales selected to reflect each

dimension and the corresponding conceptual definitions

are shown in Table 1.

Measures

Five scales were included in the inventory: The 14-item

Communication Assessment Tool (CAT) (19–22); the

eight-item Patient–Doctor Depth of Relationship Scale

(PDDRS) (23); the three-item ‘Providing Holistic Care’

sub-scale from the Patient-Centred Practice Inven-

tory – Staff (PCPI-S) (24); the nine-item Shared Deci-

sion-Making Questionnaire (physician version) (SDM-

Q-Doc) (25,26); and the five-item ‘Seeing the Individual

Patient’ sub-scale from the Schmidt Perception of

Nursing Care Scale (SPNCS) (27,28). Further details of

these instruments are displayed in Table 2.

Sample and setting

For both stages of the study, participants were APDs in

Australia who self-reported previous or current experi-

ence working as a dietitian in a primary care setting (i.e.

working in private practice; providing one-on-one consul-

tations).

A variety of recommendations regarding the necessary

sample size for factor analysis have been suggested (29,30).

The proposed ratio of five participants per item on the

scale was used; thus, for the 39-item inventory we aimed

to obtain a sample of 195 participants (30).
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Cognitive interviews

Cognitive interviews were undertaken between October

and November 2017 to determine whether potential

respondents interpreted the items and item response

options as intended (15). A convenience sample of both

practicing and academic dietitians (n = 10) was recruited

via the institution’s Nutrition and Dietetics alumni Face-

book page. All interviews were conducted by the first

investigator (IS). Participants cognitive processes were

checked as they completed the questionnaire using the

‘think aloud’ technique, whereby participants verbalise

their thoughts when completing the survey (15). ‘Verbal

probing’ was also used; participants were asked specific

questions to elicit feedback, for example, regarding the

clarity of survey instructions; ease of reading and answer-

ing items; items that appeared ambiguous; and items that

did not appear relevant (15). Small changes were made to

the survey in accordance with participants’ comments.

Adaptations were made to ensure the survey was appli-

cable to the dietetic setting. In particular, scales that were

originally designed for use by patients were adapted to be

suitable for use by dietitians. The scales and their response

options were kept as consistent as possible with the origi-

nal versions. All adaptations were recorded to clarify how

the adapted version differed from the original (see Sup-

porting infromation, Data S1).

Data collection

For the main study, a cross-sectional survey was under-

taken between November 2017 and May 2018. The online

survey was developed using LimeSurvey (Hamburg, Ger-

many) and initially distributed anonymously to all APDs

who were members of the Dietitians Association of Aus-

tralia (DAA) via the DAA weekly member e-mail (>6800
members) (31). To obtain a homogenous sample for the

purpose of factor analysis, only dietitians with experience

working in primary care were sampled. That is, we

expected that there would be differences between the pri-

mary- and secondary care settings that would likely influ-

ence the results (i.e. correlations and factor structure) (30).

Three reminder invitations were sent out via the DAA

weekly member e-mail. Subsequent strategies employed to

enhance response rate included an invitation via the Dieti-

tian Connection weekly e-newsletters, for which three

Figure 1 Conceptual model of patient-centred care in dietetic practice.
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reminders were also distributed, dietitian specific social

media sites (Facebook) and a paper-based survey dis-

tributed at a national dietitian seminar.

Statistical analysis

First, data were exported to SPSS, version 25 (IBM Corp.,

Armonk, NY, USA) and subjected to data cleaning. Next,

the appropriateness of the correlation matrix for factor

analysis was examined using the Kaiser–Meyer–Olkin
index (criteria: ≥0.80) and Bartlett’s test of sphericity (cri-

teria: P < 0.05) (30). Exploratory factor analysis was per-

formed to identify the factor structure of the 39-item

inventory using principal component analysis. We adopted

the a priori criterion to determine the number of factors to

retain (30). That is, once the desired number of factors had

been extracted (i.e. five), the computer was instructed to

stop the analysis (30). The a priori criterion is considered

appropriate when the researcher has an idea about the num-

ber of factors to extract based on theory or another research-

er’s work (30). Thus, this method was chosen because the

inventory was based on our conceptual model of PCC repre-

sented by five unidimensional scales (19,23–25,27). To enhance

rigour, this method was also compared with additional

methods of factor extraction, the latent root criterion and

parallel analysis (30,32). Regarding the latent root criterion,

only factors with eigenvalues ≥1 are considered significant
(30). With parallel analysis, factors are retained when actual

eigenvalues are larger as compared to random ordered

eigenvalues (32).

The five-factor solution was subjected to Promax rota-

tion; this method of rotation was considered most

Table 1 Previous research that informed the development of the conceptual model of patient-centred care (PCC) and the scales chosen to reflect

these dimensions

PCC dimension Related terms/phrases† Scale* Conceptual definition

Patient–dietitian

communication

Using effective communication(8)

Practicing good communication

skills (9)

Clinician–patient

communication (17)

Communication

Assessment Tool (19)
Comprises a set of skills, including understanding

the patient’s perspective; rapport building, eliciting

the patient’s concerns; exploring the impact on

the patient’s life; demonstrating empathy;

delivering diagnostic information; and involving

patients in making decisions (19)

Patient–dietitian

relationship

Positive patient–dietitian

relationship (8)

Displaying humanistic

behaviors (8)

Fostering and maintaining caring

relationships (9)

Essential characteristics of the

clinician (17)

Clinician–patient relationship (17)

Therapeutic relationship (18)

Patient–doctor Depth

of Relationship Scale (23)

Based on four elements of patient–doctor depth of

relationship previously identified, including

patients’ knowledge of the doctor, and doctors’

knowledge and understanding of the patient;

trust, whereby doctors are open and honest and

take patients seriously; loyalty; and regard,

whereby the doctor demonstrates care and

respect for the patient (23)

Providing holistic care Biopsychosocial perspective (17)

Patient as unique person (17)

Holistic care (18)

PCPI-S ‘Providing

Holistic Care’ sub-scale (24)

‘The provision of treatment and care that pays

attention to the whole person through the

integration of physiological, psychological,

sociocultural, developmental and spiritual

dimensions of persons’ (24) (p. 4)

Shared decision-

making

Redistributing power to the

patient (8)

Enabling patient involvement (9)

Patient involvement in care (17)

Collaborative care (18)

Nine-item Shared

Decision-Making

Questionnaire (physician

version) (25,26)

‘An interactive process in which both parties

(patient and physician/health professional) are

equally and actively involved and share

information in order to reach an agreement for

which they are jointly responsible’ (26) (p. 94)

Providing

individualised care

Individualising and adapting

care (8)

Delivering individualised care (9)

Patient as a unique person (17)

Biopsychosocial perspective (17)

Patient information (17)

SPNCS ‘Seeing the

Individual Patient’

sub-scale (27,28)

‘Taking a personal approach toward the care of the

patient and remaining focused on the patient

when providing care’ (27) (p. 69)

PCC, patient-centred care; PCPI-S, person-centred practice inventory – staff version; SPNCS, Schmidt Perception Of Nursing Care Scale.

*Scale chosen to reflect corresponding dimension of PCC.
†Related terms/descriptions of dimensions of PCC based on previous research.
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appropriate as correlation between factors was

expected (30). The rotated factor matrix was interpreted

based on certain criteria: factor loadings ≥0.45 were con-

sidered acceptable (based on our sample size) and load-

ings ≥0.70 suggested a well-defined structure (30). Items

that failed to load significantly on any factor (i.e. <0.45)
and had low communalities (i.e. <0.50), or items that

had loadings ≥0.45 on more than one factor (i.e. cross-

loading items) were reviewed by the research team, with

consideration of the overall theoretical contribution of

an item (30). Once the final factor structure was deter-

mined, the factors were named. Descriptive labels were

developed by (i) referring to the original conceptual

model and (ii) examining the items on each factor, par-

ticularly those with the highest loadings, to identifying

common elements (30).

To evaluate the internal consistency of each scale, Cron-

bach’s alpha (criteria ≥0.80), inter-item correlations and

corrected item-total correlations (criteria >0.30, with >0.70
indicating possible redundancy) were computed (33–36).

For sample characteristics, counts (number and per-

centage) were reported for categorical variables and med-

ian and interquartile range (IQR) were reported for

continuous variables because these data were not normally

distributed.

Results

Demographic characteristics

One hundred and eighty Australian APDs working in pri-

mary care completed the survey. An exact response rate

was not possible to determine because the survey was dis-

tributed anonymously to all DAA members and the pre-

cise number of dietitians working in primary care is

unknown. Participants were mainly female (n = 178;

98.9%), with a median age of 34 (27–46) years. Partici-

pants reported working a median of 27.5 (15–38) h in

dietetic-related work each week and had a median of 8

(2–20) years of experience as a dietitian. Almost half

(n = 82; 46.6%) of the participants reported that they

had undergone additional training, such as postgraduate

certificates/diplomas (e.g. paediatric nutrition, health edu-

cation and promotion, sports nutrition); short training

courses or workshops (e.g. counselling, motivational

interviewing, eating disorders); Master’s degrees; and doc-

toral degrees.

Exploratory factor analysis

The factor analysis revealed a Kaiser–Meyer–Olkin value

of 0.921, exceeding the recommended value of 0.80, and

Bartlett’s test of sphericity was statistically significant con-

firming the factorability of the correlation matrix (30).T
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Five factors were extracted based on the a priori criterion,

accounting for a total of 56.9% of the variance. Results of

parallel analysis also indicated that five factors should be

extracted/retained. Although eight factors were extracted

based on the latent root criterion, the sixth and eighth

factors accounted for only 8% of the variance, and it is

not uncommon for this method to overestimate the num-

ber of factors (30). Following Promax rotation, the rotated

factor solution was examined; factor loadings in their cor-

responding factors are shown in Table 3.

The rotated solution revealed that most variables

loaded strongly on only one factor. However, inspection

of the five-factor solution illustrated some differences

between the a priori hypothesised factor structure and

results from the factor analysis. Some items, particularly

from the CAT and PDDRS, did not load on their origi-

nal factors.

Items 2 to 9 of the SDM-Q-Doc had acceptable to

strong loadings on the first factor. Item 1 did not load on

any factor (i.e. loadings were <0.45 on each factor) and

had a low communality (0.226) (30). Items 1 to 4 of the

SPNCS ‘Seeing the Individual Patient’ sub-scale and all

three items from the PCPI-S ‘Providing Holistic Care’

subscale loaded on the second factor, suggesting high cor-

relation between these constructs. Although the loading

for Item 5 of the SPNCS ‘Seeing the Individual Patient’

sub-scale on the second factor was marginally below the

minimally acceptable threshold (0.360), its communality

was 0.525 (30).

Half of the items from the CAT had acceptable to strong

loadings on the third factor (items 1 to 5, 10 and 13). Two

CAT items loaded on the first factor (item 7 and 8),

whereas five (items 6, 9, 12, 11 and 14) did not load on any

factor and had low communalities (range 0.358–0.480).
Four of the PDDRS items had acceptable to strong loadings

on the fourth factor (items 1 to 4) and three items on the

fifth factor (items 5 to 7). PDDRS item 8 did not have a

minimally acceptable loading on any factor but its commu-

nality was 0.533.

Defining and labelling the factors

The following labels were chosen to represent the five fac-

tors. Factor 1 has been labelled ‘shared decision-making’.

The items making up this factor include items 2 to 9

from the SDM-Q-Doc, and CAT items 7 and 8. For this

factor, we have retained the definition referred to by the

original authors (26). Although items from the CAT also

loaded significantly on this factor, we consider that these

items share similarities with the conceptual definition of

shared decision-making.

Factor 2 has been labelled ‘holistic and individualised

care’ and relates to providing personalised care that

considers the patient as a whole person and tailors care

to patients’ individual needs. This label was considered

appropriate because this factor is made up of items from

the ‘Seeing the Individual Patient’ and ‘Providing Holistic

Care’ sub-scales.

Factor 3 can be labelled ‘patient–dietitian communica-

tion’ and is made up of half the CAT items. Thus, this

factor reflects two-way communication between the dieti-

tian and patient that is based on respect and understand-

ing. The fourth factor is labelled ‘knowing the patient’

and can be described as really knowing each patient as a

unique person. The fifth factor related to being caring

and respectful and making patents feel comfortable.

Therefore, this factor has been labelled ‘caring patient–di-
etitian relationships’.

Internal consistency

Cronbach’s alpha was 0.95 for the total inventory. Results

for each of the five factors are displayed in Table 4. Inter-

item correlations mostly fell in the desired range (0.30–0.70)
and, for each factor, corrected item-total correlations were

>0.30 for all but two items (PDDRS item 7 and SDM-Q-Doc

item 1). The characteristics of the respecified 33-item inven-

tory, including reasons for deletion of specific items, are also

shown in Table 4.

Discussion

The present study is the first to propose and test a con-

ceptual model of PCC in dietetic practice using a self-eva-

luation inventory. An understanding of how PCC can be

defined and operationalised in the dietetic context is lack-

ing because PCC has not been the focal point of dietetic

research (8). By developing and psychometrically testing

this dietitian-reported inventory of PCC based on theory

and prior research, the present study has clarified dimen-

sions of PCC relevant to individual dietetic consultations.

Furthermore, the resulting inventory offers an instrument

to measure PCC from the viewpoint of dietitians.

By contrast to the findings from the original studies,

both the PDDRS and CAT represented multidimensional

constructs in our sample, as indicated by strong loadings

on two factors (19,20,23). This may be attributed to several

factors. Two main factors were (i) the characteristic of

the samples, with participants in the original studies

being patients, and (ii) the different settings, with the

original studies being conducted in the general practice

setting in England (23) and medical practices and outpa-

tient clinics (e.g. surgical) in the USA (19–21).

Continuity of care differs for primary care dietetics and

the general practice setting. The authors of the PDDRS

explained that ongoing visits with the same doctor
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Table 3 Rotated factor matrix for principal component analysis of the 39-item inventory (Promax rotation; n = 180)

Item

Factor loadings

1 2 3 4 5

SDM-Q-Doc 6* I ask my patients which treatment option he/she prefers 0.871 0.034 �0.111 �0.056 0.065

SDM-Q-Doc 4 I precisely explain the advantages and disadvantages

of different options to my patients

0.819 �0.104 �0.037 0.046 0.025

SDM-Q-Doc 7 My patients and I thoroughly evaluate the

different treatment options

0.805 0.032 �0.123 0.160 �0.054

SDM-Q-Doc 3 I tell my patients that there are different options

for his/her nutrition care

0.779 0.014 �0.086 0.066 �0.060

SDM-Q-Doc 5 I help my patients understand all the information 0.732 �0.079 0.144 �0.040 0.082

SDM-Q-Doc 9 My patients and I reach an agreement on how to proceed 0.714 0.154 �0.088 �0.119 0.246

SDM-Q-Doc 8 My patients and I select a treatment option together 0.699 0.166 �0.205 0.048 0.134

SDM-Q-Doc 2 I want to know exactly from my patients how he/she

wants to be involved in making decisions

0.620 �0.147 0.201 0.052 �0.029

CAT 8† I talk in terms my patients can understand 0.470 �0.059 0.297 �0.039 0.039
CAT 7 I give my patients’ as much information as they want 0.463 �0.050 0.312 0.037 �0.167

CAT 6 I let my patients talk without interruptions 0.386 0.124 0.374 �0.107 �0.170

CAT 12 I discuss next steps 0.371 0.205 0.149 �0.045 0.169

SDM-Q-Doc 1 I make clear to my patients that decisions need to be

made regarding their nutritional goals

0.332 �0.020 0.246 0.083 �0.264

PCPI-S 2‡ I assess the needs of the person, taking

account of all aspects of their lives

�0.073 0.977 �0.068 0.119 �0.195

PCPI-S 1 I strive to gain a sense of every patient as a whole person �0.076 0.949 �0.085 0.002 �0.005

PCPI-S 3 I deliver care that takes account of the whole person �0.090 0.933 �0.031 0.111 �0.020

SPNCS 3§ I take time to find out more about each patient as a person 0.122 0.765 �0.094 0.020 0.031

SPNCS 2 I tailor dietetic care to each patients’ specific needs 0.186 0.628 �0.011 �0.161 0.094

SPNCS 4 When I provide care, my patients are at the centre of my attention �0.072 0.609 0.147 0.134 �0.024

SPNCS 1 I treat every patient as a unique person 0.137 0.548 0.187 �0.227 0.042

SPNCS 5 I am warm in my interactions with my patients �0.058 0.360 0.136 0.298 0.205

CAT 11 I involve my patients in decisions as much as they want 0.284 0.320 0.174 0.069 �0.056

CAT 2 I treat my patients with respect �0.132 �0.207 0.877 �0.109 0.236

CAT 3 I show interest in my patients’ ideas about their health 0.053 0.054 0.745 �0.048 �0.102

CAT 10 I encourage my patients to ask questions 0.074 �0.175 0.689 0.109 �0.042
CAT 1 I greet my patients in a way that makes my patients feel comfortable �0.196 0.192 0.661 �0.209 0.207

CAT 5 I pay attention to my patients (look at them, listen) 0.028 0.187 0.647 0.051 �0.192

CAT 13 I show care and concern for my patients �0.205 0.311 0.541 0.054 0.240

CAT 4 I understand my patients’ main health concerns 0.173 0.000 0.520 0.125 0.044

CAT 9 I check to be sure my patients understand everything 0.236 0.070 0.425 0.122 �0.104

CAT 14 I spend the right amount of time with patients 0.199 0.157 0.212 0.188 0.014

PDDRS 3¶ I really know how my patients feel �0.028 0.027 �0.093 0.856 0.118

PDDRS 2 I know every patient as a person �0.034 0.227 �0.019 0.762 �0.047

PDDRS1 I know my patients well 0.122 �0.011 0.041 0.712 �0.032

PDDRS 4 My patients know what to expect with me 0.351 �0.206 �0.032 0.553 0.179

PDDRS 8 My patients feel at ease with me �0.017 0.143 0.060 0.390 0.382

PDDRS 6 I take my patients seriously 0.059 �0.027 �0.033 0.088 0.785
PDDRS 5 I really care about my patients �0.118 �0.225 0.111 0.377 0.698
PDDRS 7 I accept my patients the way they are 0.243 0.192 �0.031 �0.233 0.637

Factor extraction used the a priori criterion. Promax rotation was used for factor rotation. Loadings ≥0.45 are bolded. Variables are sorted by

highest loading on each factor. Rotation converged in seven iterations.

CAT, Communication Assessment Tool; PCPI-S, person-centred practice inventory – staff version (three-item Providing Holistic Care sub-scale);

PDDRS, Patient–Doctor Depth of Relationship Scale; SDM-Q-Doc, nine-item Shared Decision-Making Questionnaire (physician version); SPNCS,

Schmidt perception of nursing care survey (five-item Seeing the Individual Patient sub-scale).

*SDM-Q-Doc items 1–9 from Kriston et al. (26) and Scholl et al. (25) adapted and reproduced with permission from Copyright owner. Licensed

under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, http://creativecommons.org/licenses/by-nc-nd/4.

0/legalcode.
†CAT items 1–14 adapted and reproduced with permission from Copyright © 2007 by Gregory Makoul – All rights reserved.
‡PCPI-S Providing Holistic Care sub-scale items 1–3 adapted from Slater et al. (24).

§SPNCS Seeing the Individual Patient sub-scale items 1–5 Adapted and reproduced with permission from Copyright © 2001 by Lee Schmidt – All

rights reserved. Further reproduction prohibited without the express written permission from copyright owner.
¶PDDRS items 1–8 Adapted with permission from Patient–Doctor Depth-of-Relationship Scale: Development and Validation, 2011, Vol 9, No 6,

Annals of Family Medicine Copyright © 2011 American Academy of Family Physicians, All Rights Reserved.
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influenced the depth of relationship between the general

practitioner and patient (23). Because patients typically see

their doctor more regularly than the dietitian (37,38), this

may have influenced dietitians’ interpretation of the items

relating to ‘knowing the patient’. Comparatively, items

that loaded on the fifth factor referred to caring about

patients, taking patients seriously and making patients feel

at ease. These items may have been interpreted as more

general aspects of care that are achievable regardless of

how often the dietitian interacts with the patient.

Two of the CAT items loaded on the ‘shared decision-

making’ factor. This finding may be explained by similari-

ties in the wording of the items. For example, compar-

isons can be drawn between CAT items 7 and 8, which

relate to ‘giving patients as much information as they

want’ and ‘talking in terms patients can understand’ and

some SDM-Q-Doc items, such as item 5, which refers to

‘helping patients understand all the information’. Further-

more, this finding is supported by seminal texts, which

emphasise that good communication skills are founda-

tional to shared decision-making (39,40). Interestingly, the

multidimensional nature of the CAT was also demon-

strated in a sample of patients in Rwanda; confirmatory

factor analysis revealed fit indices were acceptable for the

hypothesised one-, two- and three-factor models (22).

Five of the CAT items did not demonstrate acceptable

loadings (i.e. ≥0.45) on any factor (items 6, 9, 11, 12 and 14).

Interestingly, these items were also identified as problematic

items during the pilot interviews. For example, dietitians

perceived that it was difficult to judge whether they had

‘spent the right amount of time with patients’, and that it

was not always appropriate to ‘let patients talk without

interruptions’. Some of these behaviours may not always be

perceived as practical, achievable and/or necessary by dieti-

tians. By contrast, items relating to treating patients with

respect (CAT item 2) and paying attention to patients (CAT

item 5), which had high loadings on the third factor, may be

more socially desirable and are also highlighted in dietetic

competency standards (41,42). Therefore, we recommend

that these items be excluded from the inventory for reasons

outlined in Table 4.

Items from the SPNCS ‘Seeing the Individual Patient’

and PCPI-S ‘Providing Holistic Care’ sub-scales were

highly correlated. This also may be explained by similarities

in the wording of these items. For example, ‘I treat every

patient as a unique person’ and ‘I tailor care specifically to

my patients’ needs’ from the ‘Seeing the Individual Patient’

sub-scale can be compared to ‘I deliver care that accounts

for the whole person’ and ‘I assess the needs of the person,

taking account of all aspects of their lives’ from the ‘Provid-

ing Holistic Care’ sub-scale. Clear comparisons can also be

seen in the conceptual definitions of these two dimensions

(see Supporting information, Data S1).

Item 1 of the SDM-Q-Doc did not demonstrate mini-

mally acceptable loadings and low communalities compared

to the other eight items. This is comparable to findings from

previous studies using the SDM-Q-Doc (25,43,44). For

example, one study conducted among a sample of physi-

cians in a German outpatient clinic found that factor

loadings for items 1 and 2 were less than 0.40 (25). Further-

more, a study involving Dutch specialists and general prac-

titioners in the primary care setting found that the best

model fit was established when items 1 and 9 were

removed (43). Therefore, based on results from previous

studies, and the findings from the present study, we recom-

mend excluding item 1 when using this inventory in the

dietetic setting.

The findings from the present study illustrate the inter-

dependent nature of the factors comprising PCC. It is

well established that the dimensions are co-dependent,

meaning that one is needed to practice the other (8,9,16,17)

The complex nature of PCC makes it challenging to cate-

gorise these dimensions into neat, individual constructs

for measuring. This may explain why the five factors

identified in the present study differed somewhat from

the hypothesised factor structure. Although published

results found that the individual scales were mostly unidi-

mensional (19,23–25,27), combining items from the five

scales in a single exploratory factor analysis allowed simi-

larities across constructs to be explored. Given the inter-

relationship between PCC dimensions, it makes sense that

some items did not load on their original factor and

some items were cross-loaders.

The present study has addressed an important research

gap. However, what is also needed is a better understand-

ing of patients’ perspectives/assessment of PCC in dietetic

practice. Therefore, work is currently underway aiming to

develop and test a comparable patient-reported inventory.

This will allow dietitians’ and patients’ perspectives to be

compared, which will further enhance understandings of

PCC in this setting.

Strengths and limitations

Patient-centred care is a complex phenomenon. There-

fore, the present study was carefully designed to ensure

the inventory captured the concept of PCC in dietetic

practice as accurately as possible. We aimed to achieve

this by first adopting an iterative and thorough approach

to developing the conceptual model, which was informed

by theory and prior research. Then, valid scales were

sought to represent the conceptual model via a rigorous

search process involving ongoing consultation with all

members of the research team. Finally, the inventory was

piloted among a sample drawn from the relevant popula-

tion to ensure its interpretability and relevance.
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Multiple techniques were employed to explore the

number of factors to extract/retain. The results were con-

sistent for both parallel analysis and the a priori criterion.

As previously noted, although eight factors were retained

based on the latent root criterion, it is not uncommon

for the latent root criterion to overestimate the number

of factors to extract/retain (30). Moreover, parallel analysis

is considered a particularly accurate method of factor

extraction (32). Finally, forcing the solution to retain five

factors based on our conceptual model of PCC (i.e. a pri-

ori criterion) produced the most interpretable solution

that is conceptually/theoretically supported.

We achieved a sample size just below the minimum

recommended ratio of participants to variables (5:1) (30).

That is, we aimed for a minimum response rate of 195

and achieved a response rate of 180. Therefore, these

results should be interpreted with caution (30). A larger

sample size would have been desirable, although the sam-

ple was drawn from a relatively small population and it

was not feasible to extend the data collection period

beyond 6 months. Numerous strategies were employed to

enhance the response rate. As previously described, a vari-

ety of mediums were used to distribute the survey, and

several reminders were provided over the data collection

period.

Although e-surveys have been shown to result in low

response rates in certain populations, we considered this

approach to be appropriate for our sample because dieti-

tians generally have Internet access and receive a number

of important communications via e-mail (e.g. via DAA

weekly member e-mail and Dietitian Connection). As

with any study employing survey methods, there is always

the potential for response bias. In particular, although the

anonymous, self-administered nature of the survey was

designed to reduce, for example, the social desirability

effect, we cannot say that this did not occur.

Although alpha values for ‘knowing the patient’ and ‘car-

ing relationships’ were below the cut-off criteria (≥0.80), a
Cronbach’s alpha of 0.70 is considered to be acceptable for

a developing scale (30) and the PDDRS has not previously

been tested as two different scales. Furthermore, Cron-

bach’s alpha values can be influenced by the number of

items (36) and the analysis of items of the PDDRS as two fac-

tors reduced the number of items to 3 and 5, respectively.

Conclusions

The findings from the present study offer a preliminary

inventory to measure PCC from the viewpoint of dietitians

in primary care. No instrument had previously been devel-

oped and/or tested to measure PCC in dietetic practice.

Therefore, we have addressed an important gap in dietetic

research. Further work is needed to test the exploratively

obtained factor structure with confirmatory factor analysis.

Implications for further research

There is potential for this instrument to be used in prac-

tice, research and education. However, the inventory

should first undergo further work, and dietitians’ percep-

tions should be compared with patients’ perceptions.

The inventory may be useful as an evaluation tool for

practice to guide dietitians’ self-reflection and goal

setting. There is potential for further testing of the inven-

tory in other dietetic settings, such as in the hospital

setting, and internationally.

This inventory could also be adapted and tested for use in

undergraduate education; for example, as an observational

Table 4 Characteristics of the respecified 33-item inventory/model

Label Scale(s) included

No. items

included

Cronbach’s

alpha

Scale items

deleted Reasons for deletion

Shared

decision-making
• SDM-Q-Doc (items 2–9)

• CAT (items 7 and 8)

10 0.91 • SDM-Q-DOC item 1 • Loading <0.45 and

communality <0.50

Holistic and

individualised

care

• SPNCS (items 1–3)

• PCPI-s (items 1–5)

8 0.90 – –

Dietitian–patient

communication
• CAT (items 1–5, 10 and 13) 7 0.84 • CAT item 6, 9, 11, 12

and 14
• Items loadings <0.45 on all

components and all

communalities <0.50

Knowing the patient • PDDRS (items 1–4 and 8) 5 0.84 – –

Caring

dietitian–patient

relationships

• PDDRS (items 5–7) 3 0.73 – –

CAT, Communication Assessment Tool; PCPI-S, person-centred practice inventory - staff (three-item Providing Holistic Care sub-scale); PDDRS,

Patient-Doctor Depth of Relationship Scale; SDM-Q-Doc, nine-item Shared Decision-Making Questionnaire (physician version); SPNCS, Schmidt

Perception of Nursing Care Scale (five-item seeing the individual patient sub-scale).
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assessment tool for objective structured clinical examina-

tions among undergraduate nutrition and dietetic students.

There is also scope for the inventory to be used in future

research; for example, as an outcome measure in interven-

tions designed to educate and train dietitians in PCC.
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CORRIGENDUM

Developmental factors and risk of obesity in infants living
in Cyprus - a prospective longitudinal study

Hileti D1, Vichas1 C, Singhal A2, Heraclides A1, Iasonides

M1 and Lanigan J2

1University of Nicosia, Cyprus,
2Childhood Nutrition Research Centre, UCL GOS

Institute of Child Health, London

In Hileti et al., an old version of the manuscript was

used in the published version resulted in the results sec-

tion, table legend and table footnote for Table 1 and

third author Pavlidou M being left out.

The complete author list, full details of the results sec-

tion and corrected Table 1 are provided below.

Hileti D1, Vichas1 C, Pavlidou, M1, Singhal, A2, Hera-

clides, A1, Iasonides M1 and Lanigan J2.
1University of Nicosia, Cyprus, 2Childhood Nutrition

Research Centre, UCL GOS Institute of Child Health,

London.

Results Anthropometric, feeding and appetite data were

available for sixty-four mother-infant pairs at birth.

Forty-six infants were followed up at 4 weeks and

3 months of age (Table 1). Compared with any breast-

feeding (mixed-feeding), exclusive formula feeding was

associated with increased risk of obesity at 4 weeks of

age, (mean difference (SD) in WFL-z: 0.7 (0.3);

P = 0.02). A trend was seen towards higher food respon-

siveness in breastfed infants compared with exclusive for-

mula-feeding. (mean difference (SE) in food

responsiveness score: 0.7 (0.3); P = 0.08). There were no

differences in growth or appetite characteristics according

to infant feeding groups at age 3 months.

We apologies for this mistake.
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Table 1 Subject characteristics at study baseline and follow up to

age 3 months

Time point Anthropometric measure Mean � SD

Birth (N = 64) Weight (kg) 3.12 � 0.4

Weight-for-length Z-score �0.37 � 0.7

Four weeks (N = 64) Weight (kg) 4.06 � 0.6

Length (cm) 53.0 � 2.5

Weight-for-length Z-score 0.03 � 0.95

Three months (N = 46)* Weight (kg) 5.7 � 1.2

Length (cm) 58.0 � 9.4

Weight-for-length Z-score 0.12 � 1.0

Weight-for-age Z-score �0.56 � 1.05

*Smaller sample size due to missing data.

SD, standard deviation.
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