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ABSTRACT

Unfavourable dietary habits, such as skipping breakfast are common among ethnic minority
children and may contribute to inequalities in cardiometabolic disease. We conducted a longitudinal
follow-up of a subsample of the UK multi-ethnic Determinants of Adolescent Social well-being and
Health (DASH) cohort, which represents the main UK ethnic groups and is now aged 21-23 years.
We aimed to describe longitudinal patterns of dietary intake and investigate their impact on
cardiometabolic risk in young adulthood. Participants completed a dietary behaviours questionnaire
and a 24-hr dietary intake recall; anthropometry, blood pressure, total and HDL-cholesterol and
HbAlc were measured. The cohort consisted of 107 White British, 102 Black Caribbean, 132 Black
African, 98 Indian, 111 Bangladeshi/Pakistani and 115 Other/Mixed ethnicity. Unhealthful dietary
behaviours such as skipping breakfast and low intakes of fruit and vegetables were common (56%,
57% and 63%, respectively). Rates of skipping breakfast and low fruit and vegetable consumption
were highest among Black African and Black Caribbean participants. BMI and cholesterol levels at
21-23 years were higher among those who regularly skipped breakfast at 11-13 years (BMI 1.41
(95% C1 0.57, 2.26) p=0.001; cholesterol 0.15 (95% CI -0.01, 0.31) p=0.063) and 21-23 years (BMI
1.05 (95% CI10.22, 1.89) p=0.014; cholesterol 0.22 (95% CI0.06, 0.37) p=0.007). Childhood
breakfast skipping is more common in certain ethnic groups and is associated with cardiometabolic
risk factors in young adulthood. Our findings highlight the importance of targeting interventions to

improve dietary behaviours such as breakfast consumption at specific population groups.
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INTRODUCTION

Ethnic inequalities in a wide range of chronic diseases have been documented @, with risk factors
evident early in life ®. Children and youth from ethnic minority groups are more likely to be
overweight or obese than White-European populations & 4. The cardiometabolic risks associated
with obesity are well known, therefore it is not surprising that some ethnic minority populations
suffer disproportionately high rates of chronic diseases such as type 2 diabetes (T2D), hypertension

and coronary heart disease (CHD) &%),

Ethnic inequalities in obesity and chronic disease risk may be explained by differences in diet and
lifestyle. Differences in the nutritional composition of the diet are apparent; a recent cohort study of
children in the UK reported significantly higher energy, fat and sugar intakes among South Asians,
while Black Africans demonstrated lower intakes of fat and saturated fat but higher intakes of
carbohydrate, compared to White British . Unfavourable dietary habits, such as regularly skipping
breakfast and consumption of sugar-sweetened fizzy drinks and fast foods, are also more common
among children and adolescents from some ethnic minority groups " & %19, The detrimental impact
of skipping breakfast, and fast food and fizzy drink consumption on childhood and adolescent
health has been documented through a number of cohort studies, which have shown that those who
regularly skip breakfast have an increased risk of obesity and detrimental cardiometabolic risk
profiles 1% 1112 Additionally, studies have shown that children who skip breakfast regularly have
poorer quality diets, particularly higher energy density, saturated fat and lower micronutrient
intakes “®. More recently longitudinal studies have investigated the prevalence of these behaviours
in young adulthood and the detrimental impact of childhood behaviours on adult health % 14 15),

Young adulthood is recognised as an important transition period, with increasing responsibilities
and the development of independent health behaviours. The Australian Childhood Determinants of
Adult Health (CDAH) study found skipping breakfast in both childhood and young adulthood to be
associated with larger waist circumferences, higher fasting insulin, and higher total- and LDL-
cholesterol concentrations ‘%, while in the US-based Project EAT socio-economic status was found
to be a principal determinant of increases in breakfast skipping between childhood and adulthood
@5 To date there have been no longitudinal cohort studies to describe ethnic patterns in adolescent
and young adult nutritional intake and dietary behaviours, and to determine their longitudinal
effects on body weight and cardiometabolic risk factors. The ‘DASH 10 years on’ study is the first
multi-ethnic cohort of young adults in the UK and provides longitudinal follow-up data for a subset
of the Determinants of Adolescent Social well-being and Health (DASH) cohort, who are now
young adults (21-23 years). We aimed to describe longitudinal patterns of dietary intake in the
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multi-ethnic Determinants of Adolescent, now young Adults, Social well-being and Health cohort,

and investigate the impact of dietary intake on cardiometabolic risk in young adulthood.
SUBJECTS AND METHODS

Study Design
Details of the DASH study can be found at http://dash.sphsu.mrc.ac.uk/ and in a published cohort

profile @, The original cohort of 6643 students, aged 11-13y, was recruited between 2002 and
2003, from 51 secondary schools in 10 London boroughs and sampled to represent the main ethnic
groups of the UK population. A pilot follow-up study on 665 participants was completed in March
2014; dietary data was collected from 627 participants who took part in the follow-up.

The study was approved by the National Health Service South East Scotland Research Ethics
Committee (Ref:11/SS/0051). Written informed consent was obtained from participants. The study
is registered on clinicaltrials.gov ID: NCT03283332.

Participants

The subsample consisted of 107 White British, 102 Black Caribbean, 132 Black African, 98 Indian,
111 Bangladeshi or Pakistani and 115 Other (mainly mixed) ethnicities, and was purposively
sampled to be representative by gender and socio-economic circumstances (SEC) across the 10
London boroughs and 51 schools. Ethnicity was self-declared, measured by self-report using
Census categories, checked against reported parental ethnicity and grandparents’ country of birth.
Bangladeshis and Pakistanis were approximately equally represented and combined because of
relatively small sample sizes; participants declaring their ethnicity as White European, White Irish,

Chinese, mixed ethnicity were classified as ‘Other ethnicity’.

Procedures
Measurement protocols and guestionnaires can be found at http://dash.sphsu.mrc.ac.uk/. Nurses and

research assistants were trained in the assessment methods by the research team for 1 week prior to
the start of fieldwork, and were re-certified at 6 monthly intervals. All equipment was checked and
calibrated regularly by the field supervisors. Participants were given a choice of locations (local
general practitioner’s surgeries, local community pharmacies, Clinical Research Centres and Kings

College London) and assessments took about 2 hours.

Dietary behaviours and intake
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At age 11-13 and 21-23 years participants completed a short questionnaire regarding their
consumption of breakfast, fruit and vegetables. For breakfast consumption, participants were given
a choice of four responses (every day, 3-4 days a week, 1-2 days a week, never/hardly ever). Fruit
and vegetable consumption were separate questions with a choice of seven responses for each (5 or
more portions a day, 4 portions a day, 3 portions a day, 2 portions a day, 1 portions a day, | eat
fruit/vegetables some days but not every day, | never eat fruit/vegetables). Examples of portions
(e.g. handful of grapes, an apple, serving spoon of vegetables, bowl of salad) were given alongside
the questions for more accurate estimation of portion size. In addition, at age 11-13 years
participants answered an additional question regarding consumption of fizzy drinks, for which a

choice of five answers were available (every day, most days, weekly, less than weekly, never).

At 21-23 years dietary intake was assessed using the standardised triple-pass 24-hour recall
methodology ®7. The study investigator, trained in dietary assessment methods, interviewed the
participant face-to-face to recall their food and beverage intake for the preceding 24 hours,
extracting details regarding food types, brands, recipes and cooking methods. Detailed information
was collected for pre-packaged foods including brands and portion sizes, and full recipes and
cooking methods were recorded for home-prepared foods and dishes. Portion sizes were confirmed

using a photographic food atlas *® and household measures.

Dietary intake records were coded for analysis by a single coder (CB) and analysed for food and
nutrient composition using WISP software, which is based on McCance and Widdowson’s The
Composition of Foods, 6™ edition. Where food items were not available within the WISP database
new entries were created, particularly for home-prepared recipes. Nutritional composition
information was sought from food labels and manufacturer websites for branded items, and
information for cultural foods were sought from our own database of African and Caribbean dishes
19 the West African Food Table ??, and recipe books. Food weights were assigned from the photo
atlases that were used in the interviews. Where food weights were not indicated, average adult

portion sizes from the National Diet and Nutrition Survey were used @,

The quality of reporting in the 24-hour recall records was assessed using a scoring system
developed by the researchers. Seven components were identified as important to assess the quality
of dietary information (portion sizes, brand information, food description, cooking methods, recipe
information, beverage information, intake timings) and these were scored on a scale of 0-2, in

which zero indicated no information provided, 1 indicated incomplete information provided, and 2
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indicated complete information provided. The scores assigned to each category were totalled and a
percentage calculated, indicating the quality of dietary information obtained. For dietary recalls
which did not include categories such as composite or homemade dishes these categories were
excluded when calculating the diet quality percentage. To test the sensitivity of the protocol to
assess the quality of the dietary information obtained, two researchers trialled a sample of recalls
deemed of poor (n=10) and high quality (n=10). Researchers compared quality scores in order to
remain consistent. Overall the mean quality score of the dietary records was 69%, ranging from 21
— 100%, with 85% of the recalls scoring >50% for the quality of the data recording. In preliminary
analysis we investigated the impact of reporting quality on the dietary data to determine whether
recalls of poorer quality should be excluded from our final analyses; we found no statistical
difference in reported energy intake when records scoring <50% were excluded, therefore, the final

analyses included data from the whole cohort.

Macronutrient intakes were expressed as percentage of total energy intake. Dietary fibre (AOAC
method) was expressed in grams per 1000 kcals and sodium intake in milligrams per 1000 kcals.
Energy intakes were compared to estimated energy requirements to assess potential under-
reporting; age and sex specific standard equations were used to estimate basal metabolic rate
(BMR) @2, These were multiplied by a lower cut-off physical activity level (PAL) of 1.2 to provide
estimates of minimum total energy expenditure and recognise probable under-reporting ?®; 36% of
participants reported an energy intake below this cut-off and were considered probable under-
reporters (rates did not vary by gender, ethnicity or educational attainment (data not shown)). Data

from these participants were not excluded from further analyses.

Body size, biological, and social measures

Height was measured without shoes, using portable stadiometers, to the nearest 0.1 cm. Weight was
measured in light clothing using Salter electronic scales, to the nearest 0.1 kg. Body Mass Index
(BMI) was derived as weight (kg)/height (m)% BMI>25 kg/m? was defined as overweight/obese.
Waist circumference (cm) was measured midway between the 10" rib and the top of the iliac crest,
and 0.5 cm subtracted to correct for measurement over T-shirt or vest. The mean of two duplicate
measures was derived, with waist to height ratio calculated. Systolic blood pressure (sBP) was
measured using validated OMRON M5-1 instruments and appropriately sized cuffs, after sitting
quietly for a timed 5 minutes, with >1 minute between 3 subsequent readings. The mean of the
second and third readings was used in analysis. A 25 ml blood sample was taken by venepuncture

for the assessment of total and HDL cholesterol and glycated haemoglobin (HbA1c); lipids were
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analysed using colour photometric assays on an automated clinical chemistry analyser (Siemens
Advia 2400 analyser), HbAlc was analysed using HPLC (Premier 9210 analyser). Physical activity
was measured using ActivPal™ monitors (PAL Technologies, Glasgow UK). The monitor,
validated for identifying sitting, standing and walking ¢4 was worn continuously on the front of the
thigh for 5 days; the number of minutes spent sitting or in sedentary activity per day was derived

and used as the measure of physical inactivity.

A self-complete questionnaire measured current smoking behaviour and SEC (i.e. educational

attainment and employment status).

Statistical Analysis

The dietary behaviours (skipping breakfast, fizzy drink, fruit, and vegetable consumption) were
recoded into dichotomous variables as follows: skipping breakfast was defined as not consuming
breakfast every day; fizzy drink consumption was defined as consuming fizzy drinks every day or
most days; low daily fruit consumption was defined as consuming less than 2 portions of fruit per
day; and low daily vegetable consumption was defined as consuming less than 3 portions of
vegetables per day. Missing data in each categorical variable were recoded as ‘not stated’. Missing
data among continuous variables were 0.001% for gender, 0.15% for BMI, 4.5% for waist:height
ratio, 25.0% for total cholesterol, 27.2% for HDL-cholesterol, 27.7% for HbAlc, 0.15% for systolic

blood pressure, and 5.6% for all six nutritional composition variables.

Continuous variables were tested for normality using the Shapiro-Wilk test, and no transformation

was necessary. Ethnic differences in anthropometry, cardiometabolic risks factors and dietary intake
were performed using ANOVA with post-hoc analysis. Longitudinal patterns in dietary behaviours

(skipping breakfast, fruit and vegetable intake) from 11-13 years to 21-23 years were examined
with mixed-effects logistic regression, adjusted for age, gender and ethnicity. Multivariate linear
regression was used to examine the association between dietary behaviours at 11-13 years and at
21-23 years and cardiometabolic risk factors at 21-23 years, adjusted for gender and ethnicity at 11-
13 years, and additionally adjusted for educational attainment (attainment/non-attainment of higher
education degree), physical activity (based on tertiles of sitting/sedentary time), smoking (current
smoker/non-smoker), energy intake and saturated fat intake at 21-23 years. N=664, 635, 499, 484,
481, and 664, respectively, for linear regression models with BMI, waist:height ratio, total
cholesterol, HDL-cholesterol, HbAlc, and systolic blood pressure, respectively, as the outcome.

Multivariate linear regression was used to examine the association between dietary behaviours at
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11-13 years and at 21-23 years and nutritional composition of the diet at 21-23 years, adjusted for
gender, and ethnicity at 11-13 years, and additionally adjusted for educational attainment
(attainment/non-attainment of higher education degree), physical activity (based on tertiles of
sitting/sedentary time), and smoking (current smoker/non-smoker) at 21-23 years. N=628 for linear
regression models for all six nutritional composition variables as the outcome. All analyses were
performed using STATA (version 13; StataCorp LP, College Station, Texas, USA) and statistical

significance was considered at p<0.05.

RESULTS

The cohort consisted of 329 men and 336 women. The representation by ethnicity was: 107 White
British, 102 Black Caribbean, 132 Black African, 98 Indian, 111 Bangladeshi or Pakistani and 115
Other (mainly mixed ethnicity). The mean age of the cohort was 22.7 years, mean BMI 24.7 kg/m?,
39% were overweight or obese (BMI>25 kg/m?), 24% were smokers and 47% were educated to
degree level. Rates of smoking were highest among White British (47%) and lowest among Black
African (11%) participants. Attainment of a university degree was highest among Black African

(58%) and lowest among Black Caribbean (34%) participants.

Dietary data, collected for 627 participants, are shown in Table 1 alongside anthropometry and
cardiometabolic risk factors for the whole cohort and for each ethnic group at 21-23 years. At 21-23
years, overall, 56% of participants reported skipping breakfast on a regular basis, 57% reported
consuming less than 2 portions of fruit a day, and 63% reported consuming less than 3 portions of
vegetables a day. Ethnic differences in diet, anthropometry and cardiometabolic risk were evident.
Black Caribbean and Black African participants were significantly heavier than the Indian and
Pakistani/Bangladeshi participants, and had higher BMI compared with White British and Indian
participants but there were no differences in waist circumference or waist to height ratio. Total
cholesterol was lowest in the Black African and highest in the Pakistani/Bangladeshi participants,
while HDL-cholesterol was highest in the Black Caribbean and Black African participants, and
lowest in the Indian participants. The highest proportion of breakfast skipping occurred among the
Black Caribbean (66%) and Black African (64%) groups and was lowest in the Indian group (46%),
although there were no statistical differences. Saturated fat intakes were lowest among the Black
African and Indian participants and highest among the Pakistani/Bangladeshi participants. Dietary
fibre intake was highest in the White British and Indian groups and was significantly higher than the
Black groups or the Pakistani/Bangladeshi participants. The Pakistani/Bangladeshi participants
were significantly more likely to have a low daily consumption of vegetables but there were no

ethnic differences in fruit consumption.
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We examined longitudinal patterns in the diet behaviours; there were significant increases in the
rates of skipping breakfast (37 vs 56% p=0.035), low consumption of fruit (46 vs 57% p=0.024) and
of vegetables (57 vs 63% p=0.021) from 11-13 years to 21-23 years among the whole cohort
(Figure 1). Age was associated with risk of unhealthful diet behaviours, independent of gender and
ethnicity. When they were 21-23 years old, individuals were more likely to skip breakfast (OR: 2.65
(95% CI 2.00, 3.50), p<0.001), have low consumption of fruit (OR: 1.39 (95% CI 1.08, 1.79),
p=0.011), and vegetables (OR: 1.28 (95% CI 0.99, 1.66), p=0.059) than when they were 11-13
years old, although the association for low vegetable consumption did not reach statistical
significance. After adjusting for gender, ethnicity and educational attainment, skipping breakfast
regularly at 11-13 years was a significant determinant of skipping breakfast in young adulthood
(OR: 2.36 (95% CI 1.62, 3.44), p<0.001). Low fruit consumption and low vegetable consumption at
21-23 years were also significant determinants of skipping breakfast at 21-23 years (Fruit: OR: 2.21
(95% CI 1.54, 3.18), p<0.001; Vegetables: OR: 1.91 (95% CI 1.32, 2.76), p=0.001) but low fruit
consumption and low vegetable consumption at 11-13 years were not significant determinants of
skipping breakfast in young adulthood (Fruit: OR: 1.29 (95% CI 0.88, 1.88), p=0.190; Vegetables:
OR: 1.32 (95% CI 0.91, 1.91), p=0.150). Figure 1 shows the rates of (a) skipping breakfast, (b) low
fruit and (c) low vegetable consumption at 11-13 years and 21-23 years by ethnic group. Small
ethnic sample sizes precluded rigorous testing of ethnic specific effects, nonetheless the descriptive
data indicates ethnic variations. Increases in the rates of skipping breakfast were evident in all
ethnic groups, with the greatest increase occurring in the White British group. Prevalence of low
fruit consumption increased in all ethnic groups, with the Black African group experiencing the
greatest increase. While the rates of low vegetable consumption did not increase in either the White
British or ‘Other’ ethnic groups but increased in all other ethnicities, with the greatest increase

occurring among the Black African group.

Longitudinal associations between dietary behaviours, anthropometric and cardiometabolic risk

factors

The influence of the dietary behaviours during both adolescence and young adulthood on
cardiometabolic risk factors during young adulthood were investigated in multivariate analysis,
adjusting for gender, ethnicity, educational attainment, smoking, physical activity, energy and
saturated fat intake (Table 2). Skipping breakfast at 11-13 years was a significant determinant of
BMI at 21-23 years (1.41 (95% CI 0.57, 2.26), p<0.001) as was skipping breakfast at 21-23 years,
although the effect was slightly attenuated in this age group (1.05 (95% CI 0.22, 1.89), p=0.014).
Skipping breakfast at both 11-13 years and 21-23 years were also important determinants of total
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cholesterol levels (11-13 years: 0.15 (95% CI -0.01, 0.31), p=0.063; 21-23 years: 0.22 (95% ClI
0.06, 0.37), p=0.007). Low intake of fruit at 11-13 years was a significant determinant of waist to
height ratio at 21-23 years (0.01 (95% CI 0.00, 0.03), p=0.034), and regular fizzy drink
consumption at 11-13 years was a significant determinant of systolic blood pressure at 21-23 years
(1.77 (95% C1 0.12, 3.43), p=0.036).

Longitudinal associations between dietary behaviours and nutritional composition of the diet

The influence of the dietary behaviours during both adolescence and young adulthood on the
nutritional composition of the diet during young adulthood were investigated in multivariate
analysis, adjusting for gender, ethnicity, educational attainment, smoking and physical activity
(Table 3). Skipping breakfast at both 11-13 years and 21-23 years were significant determinants of
lower dietary fibre intakes (11-13 years: -0.81 (95% CI -1.49, -0.12), p=0.022; 21-23 years: -1.33
(95% CI -2.01, -0.65), p<0.001), as were regular fizzy drink consumption at 11-13 years (-0.72
(95% CI -1.42, -0.02), p=0.045), low fruit consumption at 21-23 years (-1.22 (95% CI -1.90, -0.54),
p<0.001) and low vegetable consumption at 21-23 years (-1.30 (95% CI -2.04, -0.56), p=0.001).
Low fruit and vegetable consumption at 21-23 years were also important determinants of higher
saturated fat intakes (fruit: 0.89 (95% CI -0.01, 1.78), p=0.052; vegetables: 1.06 (95% CI 0.09,
2.02), p=0.032).
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DISCUSSION

We have undertaken a longitudinal assessment of nutritional intake and dietary behaviours and their
association with cardiometabolic risk factors among an ethnically diverse cohort of young adults in
the UK. In this work, we report the detrimental impact of childhood eating behaviours, such as
regularly skipping breakfast, on cardiometabolic risk factors in young adulthood. We have
identified an increasing prevalence, from childhood to young adulthood, of less healthy dietary
behaviours. Furthermore, we have described distinct ethnic patterns, such that skipping breakfast is

most prevalent among Black African and Caribbean groups.

The DASH cohort was recruited primarily to investigate ethnic determinants and patterns of health,
and through the collection of dietary data we have been able to explore potential predictors of
cardiometabolic risk in our young adults. In this study, we found the Black African and Caribbean
groups to have the highest body weights and BMIs, however waist circumference and waist to
height ratio were comparable to the other groups. In the Indian ethnic group, body weight and BMI
were significantly lower than the White British and both Black ethnic groups. These findings are in
line with the existing literature and suggest that higher body weight/BMI amongst African ancestry
populations is not related to abdominal fat accumulation @®, although fat deposition in the
abdominal region is usually more prevalent in South Asian populations @8, The Black Africans
exhibited low total cholesterol and high HDL-cholesterol concentrations; these cardiometabolic risk
differences may be attributed to dietary differences, namely lower saturated fat, which was also
apparent among the Black African participants. Among the Indian participants HDL-cholesterol
was lower. Distinctions in nutritional intake were also evident for this group, namely higher intakes
of fibre in the Indian group. Ethnic differences in cardiometabolic risk factors have been
extensively reported and in general our data corroborate the literature. However, our categorisation
of ethnicity, which is more detailed than that which is often employed, highlights some differences
between our findings and the existing literature. Higher HbAlc levels amongst African-Americans
relative to White-Americans have been previously reported ©@” 2®: in our study the Black
Caribbeans and Black Africans did not exhibit higher HbAlc levels. It is not clear the extent to
which higher HbAlc among Black populations is a result of dietary intake versus biological factors.
Higher sugar intakes among Black Caribbean compared to Black West African adults have
previously been described 9, however we did not find this in our participants, which is in
agreement with Donin et al. who reported no difference in sugar intake between Black Caribbean
and Black African children in the CHASE study ©). Lower total cholesterol amongst Black Africans

but not Black Caribbeans is in agreement with findings from the CHASE study @, and may relate to



12
Accepted manuscript

lower saturated fat intake amongst Black Africans but not Black Caribbeans; a finding that is
consistent with that of the CHASE study. Historically the African-Caribbean diet has been
recognised for its low intake of saturated fat, which has been proposed to contribute to the
cardioprotective lipid profile that these ethnicities traditionally exhibited ©% 3% 3, However, dietary
acculturation and ‘Westernisation’ of the diet results in increasing fat intake, a change that is more
apparent amongst Black Caribbean than Black African communities @, which may explain why
the total cholesterol concentration was only lower amongst the Black African group. Lower HDL-
cholesterol amongst South Asian populations has been extensively reported in the literature Gt 3

%% and the nutritional profile that we identified is also consistent with previous reports (29 31:32:34),

Unhealthy dietary behaviours were highly prevalent among our young adults. In agreement with
other longitudinal investigations we saw that adolescent breakfast skipping was predictive of the
behaviour in adulthood % 4. In our study breakfast skipping was particularly prevalent amongst
certain ethnic groups. In agreement with other studies of children and young adults @% 4 3 oyr
Black African and Black Caribbean participants had the highest rates of breakfast skipping,
although the White British group saw the greatest increase in skipping breakfast from childhood to
young adulthood. Our longitudinal analysis indicated that skipping breakfast in childhood was an
important determinant of BMI and total cholesterol concentration in young adulthood. Whilst there
have been a number of longitudinal studies to demonstrate the detrimental effects of skipping
breakfast on body weight and the development of obesity, there has been very little demonstration
of the long-term effects of this behaviour on cardiometabolic risk factors, such as blood lipids. Our
study is the first to focus on an ethnically diverse cohort that represents the main ethnic groups of
the UK population. Prior to this the long term evidence was limited to the Australian CDAH study,
which studied a predominantly White Australian population, and found skipping breakfast in
adolescence to have a unfavourable impact on waist circumference, fasting insulin and total- and
LDL-cholesterol V). Furthermore, adolescent and young adult dietary behaviours were seen to be
significant determinants of nutritional composition. Skipping breakfast and regular fizzy drink
consumption during adolescence were associated with significantly lower intakes of dietary fibre in
young adulthood. In young adulthood skipping breakfast and low consumption of fruit and
vegetables were associated with significantly lower dietary fibre and significantly higher saturated
fat intakes. These findings corroborate with the literature, demonstrating the detrimental impact of
skipping breakfast and other dietary behaviours on the quality of the diet ®%); these results are
particularly alarming given these unhealthful behaviours are most prevalent among some of our
ethnic minority groups, who are most at risk of developing obesity and cardiometabolic diseases,

such as T2D. Promoting high fibre intakes and restriction of saturated fat are two of the most
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important public health nutrition campaigns in a bid to reduce chronic disease risk among the
general population. Our findings provide a useful insight into dietary behaviours and specific ethnic
groups that health promotion campaigns could target in aiming to improve the nutritional intake of
the diets of young people.

The limitations of our study warrant consideration. The size of the cohort subsample is relatively
small and we did not have statistical power to investigate longitudinal patterns by ethnic group
however, it is the first cohort study of young adults to specifically focus on ethnic determinants of
health and chronic disease risk. Furthermore, our study contributes to the very limited longitudinal
data on the role of adolescent diet on cardiometabolic risk in young adulthood and is the first such
study in the UK. We achieved a response rate of 97% in our follow-up, which is remarkably high;
this was achieved mainly through the use of social media, which allowed us to locate participants
who had moved from their childhood residence. Our data collection focused on a relatively small
number of cardiometabolic risk factors, which prevented us from assessing all aspects of risk, for
example, the prevalence of Metabolic Syndrome, and making comparisons with the literature in this
regard. Although our study is the first longitudinal study of adolescents and young adults to collect
nutritional intake data, we were limited in our dietary data collection to assessing a single 24-hour
period and therefore we have not assessed micronutrient intakes; this has limited our ability to
investigate the role of, for example vitamin D, in determining cardiometabolic risk. Under-reporting
is a common issue in dietary data collection; we estimated under-reporting to affect 36% of our

recalls, which is comparable to other studies ©®. Importantly, under-reporting was not associated
with gender, ethnicity or educational attainment, suggesting there is no systematic bias in our
dietary data. We did not exclude under-reporters from our analyses; our reporting period was
relatively short, and we deemed low energy intakes to be plausible over a 24-hour period. In our
dietary behaviours questionnaire, which asked about daily portions of fruit and vegetables, we
provided portion size guidance to aid the participants in estimating their daily portions, however our
guidance was not exhaustive and did not focus on composite dishes such as soup, which may have
led to inaccuracies in reporting. We did not collect data on fizzy drink consumption at 21-23 years
due to time restrictions for our data collection visits; sugar sweetened beverages are receiving
significant attention at present due to their links with cardiometabolic risk; our data has not enabled
us to look at longitudinal patterns of consumption. Our dietary analysis is also limited to focusing
on single nutrients and food groups and does not consider interactions between these or reflect the
complexity of dietary intake; dietary pattern analysis would enable a better understanding of dietary

interactions.
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In conclusion, findings from this cohort of young adults representing the major ethnic groups of the
UK population demonstrate the detrimental effects of adolescent dietary behaviours, particularly
skipping breakfast on cardiometabolic risk factors. The results also show these behaviours to be
particularly prevalent amongst Black African and Caribbean ethnic groups. Our study highlights the
importance of targeting health promotion interventions to improve dietary behaviours such as

breakfast consumption at specific groups of young adults in the population.
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Table 1. Dietary intake, anthropometry and cardiometabolic risk factors of participants, at 21-23y, in the Determinants of Adolescent,
now young Adults, Social well-being and Health study

Whole White British  Black Black African Indian Pakistani Other
cohort Caribbean Bangladeshi
(n=665) (n=107) (n=102) (n=132) (n=98) (n=111) (n=115)
Mean Mean Mean Mean Mean Mean Mean p
(95% CI) (95% ClI) (95% ClI) (95% CI) (95% CI) (95% CI) (95% ClI)
Male/Female (n) 329/336 52/55 47/55 58/74 52/46 62/49 57/57 0.842
Age (y) 22.7 22.7 22.7 22.6 22.9 22.6 22.8 0.129
(22.7,22.8) (22.5,22.8) (225, 22.9) (22.4,22.9) (22.7,23.1)  (22.7,23.1) (22.6, 23.0)
Weight (kg) 71.6 725 76.62 77.1° 66.3%0 68.02P 69.9 <0.001
(70.0,73.3)  (68.8,76.2) (71.7,81.5) (73.0, 81.2) (62.7,69.9) (64.1,71.9) (66.5, 73.3)
Height (cm) 170 1722 170 172b 168° 1683P 169 <0.001
(169, 171) (170, 175) (168, 173) (170, 174) (166, 171) (165, 170) (167, 171)
BMI (kg/m?) 24.7 24.23¢ 26.2%b 26.1¢d 23.4bd 24.0 24.4 <0.001
(24.2,25.2)  (23.1,25.4) (24.8, 27.7) (24.8, 27.4) (22.2,245) (22.9,25.2) (23.4, 25.5)
Overweight/obese (%)? 39 35 50 44 36 36 35 0.063
Waist (cm) 82.2 83.0 83.6 83.0 80.8 81.7 81.2 0.878
(80.9,83.5) (80.2,85.8) (80.0, 87.3) (79.9, 86.1) (77.6,84.1)  (79.0,84.4) (78.4, 84.1)
Waist:height ratio 0.48 0.48 0.49 0.48 0.48 0.49 0.48 0.429
(0.48,0.49) (0.46, 0.50) (0.47,0.51) (0.46, 0.50) (0.46,0.50)  (0.47,0.50) (0.46, 0.50)
Total cholesterol 4.35 4.34 4.34 4.07° 4.36 4532 4.33 0.007
(mmol/l) (4.26,4.43) (4.17,4.52) (4.14, 4.54) (3.93,4.22) (4.21,451) (4.35,4.72) (4.14, 4.52)
HDL cholesterol 1.54 1.56 1.612 1.60° 1.413b 1.47 1.55 0.003
(mmol/l) (1.50,1.57)  (1.49, 1.64) (1.53,1.70) (1.52, 1.67) (1.34,1.48)  (1.40,1.54) (1.46, 1.64)
HbAlc 34 34 35 35 35 34 34 0.164
(mmol/mol) (34, 35) (33, 35) (34, 36) (34, 36) (34, 36) (33, 35) (33, 35)
Systolic blood pressure 114 117 116 116 113 112 113 0.090
(mmHg) (113, 115) (114, 120) (113, 119) (113, 119) (110, 116) (109, 115) (110, 115)
Diastolic blood pressure 72 73 74 74 72 72 70 0.073
(mmHg) (72, 73) (71, 75) (72, 76) (72, 76) (70, 74) (70, 74) (68, 72)

Energy intake 2192 2008 2242 1976 2423 2260 2238 0.255



(kcal/day)

Fat intake

(% of energy)
Saturated fat intake
(% of energy)
Carbohydrate intake
(% of energy)
Protein intake

(% of energy)
Sugar intake

(% of energy)

Fibre intake
(9/1000Kkcals)
Sodium intake
(mg/1000kcals)
Sedentary time
(mins/day)

Skipping breakfast (%0)
Low fruit consumption (%o)
Low vegetable consumption (%)

Smoker (%0)

Educated to degree level (%)

(2097, 2288)
38.0

(37.0, 39.0)
14.4

(13.9, 15.0)
47.4

(46.3, 48.5)
16.4

(15.7, 17.1)
17.1

(16.2, 18.0)
8.1

(7.7, 8.5)
1285
(1231, 1340)
738

(683, 792)
56

57

63

24

47
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(1811, 2205)
37.9

(35.5, 40.2)
15.5

(14.2, 16.9)
46.1

(43.8, 48.4)
16.0

(14.4, 17.6)
16.6

(14.5, 18.8)
9.3

(8.1, 10.5)
1407
(1270, 1544)
798

(650, 947)
53

52

54

47*

40

(2018, 2466)
385

(36.4, 40.5)
13.9

(12.7, 15.2)
48.1

(45.4, 50.7)
15.9

(14.2, 17.6)
195

(17.0, 22.0)
7.3%¢
(6.3,8.2)
1320
(1157, 1483)
670

(573, 767)
66

59

75

21

34*

(1766, 2186)
365
(33.7,39.3)
13.0°
(11.7,1433)
47.9
(44.8,51.0)
17.1
(14.8,19.5)
18.8
(16.1,21.6)
7.7°¢
(6.8,8.7)
1122

(1010, 1235)
833

(6565, 1000)
64

65

73

11*

58*

(2164, 2682)
35.6

(33.0, 38.3)
13.12
(11.8, 14.4)
50.4

(47.8, 53.0)
15.7

(13.9, 17.4)
16.2

(14.2, 18.2)
8.8"¢

(7.6, 9.9)
1192
(1054, 1330)
772

(654, 889)
46

55

55

24

57

(2001, 2520)
41.1

(38.9, 43.4)
16.4°
(14.9, 17.9)
45.6

(42.9, 48.3)
16.6

(15.1, 18.1)
145

(12.7, 16.2)
7.3¢

(6.3, 8.3)
1314
(1191, 1436)
720

(560, 880)
51

56

73*

24

49

(1982, 2494)
38.6

(36.1, 41.1)
145

(13.3, 15.6)
46.5

(43.8, 49.2)
16.8

(15.6, 18.2)
17.1

(15.0, 19.3)
8.0

(6.9, 9.0)
1345
(1218, 1471)
692

(575, 807)
54

52

51*

24

44

0.168

0.031

0.170

0.953

0.151

<0.001

0.082

0.234

0.118

0.373

<0.001

0.001
0.001

BMI, body mass index. Overweight/obese defined as BMI>25kg/m?. Low fruit consumption defined as less than 2 portions per day; low vegetable consumption defined as

less than 3 portions per day; skipping breakfast defined as not eating breakfast every day of the week. Continuous variables are shown as mean (95% ClI), categorical

variables shown as n or %, as indicated in the variable label. Differences between ethnic groups in continuous variables were tested with one-way ANOVA with post-hoc

18

analysis, the same superscript letters within a row denote significant differences between those ethnic groups; ethnic differences in frequency variables were tested with chi-
square test with post-hoc analysis, differences are denoted with *.
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Table 2. Influence of dietary behaviours at 11-13 years and at 21-23years on cardiometabolic risk factors at 21-23 years. The
Determinants of Adolescent, now young Adults, Social well-being and Health study.

19

BMI Waist:height ratio Total cholesterol HDL-cholesterol HbAlc Systolic blood
pressure

11-13y Coef. Coef. Coef. p Coef. Coef. Coef.
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Skipping breakfast (No - Ref)

Yes 141 <0.001 0.02 <0.001 0.15 0.063 0.01 0.725 0.43 0.379 0.74 0.370
(0.57, 2.26) (0.01, 0.03) (-0.01,0.31) (-0.06, 0.08) (-0.53, 1.39) (-0.89, 2.38)

Not stated 0.78 0.302 0.01 0.353 0.16 0.266 0.02 0.820 0.05 0.958 0.33 0.823
(-0.70, 2.26) (-0.01, 0.03) (-0.12, 0.45) (-0.12, 0.15) (-1.66, 1.75) (-2.54, 3.19)

Fruit (>2 serves/day - Ref)

<2 serves/day 0.68 0.115 0.01 0.034 -0.004 0.958 -0.05 0.197 -0.16 0.742 0.66 0.425
(-0.17, 1.53) (0.00, 0.03) (-0.16, 0.16) (-0.12,0.02) (-1.11,0.79) (-0.97, 2.30)

Not stated 0.65 0.299 0.01 0.225 0.03 0.779  -0.003 0.951 -0.70 0.325 0.21 0.865
(-0.58, 1.90) (-0.01, 0.03) (-0.20, 0.27) (-0.11, 0.10) (-2.10,0.70) (-2.17, 2.59)

Vegetables (>3 serves/day - Ref)

<3 serves/day -0.03 0.941 0.002 0.723 -0.17 0.033 -0.007 0.838 0.18 0.702 -0.003 0.997
(-0.89, 0.82) (-0.01, 0.01) (-0.33,-0.01) (-0.06, 0.08) (-0.75, 1.12) (-1.64, 1.63)

Not stated -1.70 0.788 -0.004 0.709 -0.11 0.427 -0.007 0.905 -0.38 0.656 -0.79 0.591
(-1.00, 1.29) (-0.03,0.02) (-0.40, 0.17) (-0.12,0.14) (-2.07, 1.30) (-3.66, 2.09)

Fizzy drinks (No - Ref)

Yes 0.03 0.947 0.001 0.888 0.05 0.542 -0.04 0.240 -0.34 0.488 1.77 0.036
(-0.89, 0.84) (-0.01, 0.01) (-0.11,0.21) (-0.11, 0.03) (-1.30,0.62) (0.12, 3.43)

Not stated 0.06 0.938 -0.002 0.858 0.05 0.742  -0.007 0.920 -0.53 0546 1.22 0.403
(-1.44, 1.56) (-0.02, 0.02) (-0.24, 0.34) (-0.14, 0.12) (-2.25, 1.19) (-1.64, 4.09)

21-23y

Skipping breakfast (No - Ref)

Yes 1.05 0.014 0.02 0.002 0.22 0.007  0.0002 0.995 0.73 0.130 0.44 0.597
(0.22,1.89) (0.01, 0.03) (0.06, 0.37) (-0.07,0.07) (-0.22, 1.67) (-1.18, 2.05)

Not stated -1.32 0.406 -0.01 0.731 0.30 0.292 0.07 0.556 0.12 0.937 -3.56 0.244
(-4.44, 1.80) (-0.05, 0.04) (-0.26, 0.85) (-0.17,0.32) (-2.93, 3.18) (-9.56, 2.44)

Fruit (>2 serves/day - Ref)

<2 serves/day -0.26 0.552 0.001 0.912 -0.12 0.147 -0.04 0.270  -0.50 0.305 0.26 0.758
(-1.11, 0.59) (-0.01, 0.01) (-0.28, 0.04) (-0.11, 0.03) (-1.46, 0.46) (-1.37,1.88)

Not stated -1.65 0.225 -0.008 0.676 0.25 0.301 0.03 0.809 -0.11 0.940 -0.39 0.881
(-4.32,1.02) (-0.05, 0.03) (-0.23,0.74) (-0.19,0.24) (-2.95,2.74) (-5.51, 4.73)
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Vegetables (=3 serves/day - Ref)

<3 serves/day -0.07 0873  0.001 0859  -0.06 0.456  -0.02 0630 0.29 0571 -0.72 0.420
(-0.99, 0.84) (-0.01, 0.01) (-0.24, 0.11) (-0.09, 0.06) (-0.72, 1.30) (-2.49, 1.04)

Not stated -1.40 0221  -0.01 0574  -0.12 0.559 0.08 0385 -0.17 0884 -3.27 0.137
(-3.66, 0.85) (-0.04, 0.02) (-0.51, 0.28) (-0.10, 0.25) (-2.49, 2.15) (-7.58, 1.05)

BMI, body mass index. Skipping breakfast defined as eating breakfast less than 5 days per week; low fruit consumption defined as less than 2 portions per day; low vegetable
consumption defined as less than 3 portions per day; fizzy drink consumption defined as consuming fizzy drinks every day or most days. Multivariate linear regression
models for BMI, waist:height ratio, total cholesterol, HDL-cholesterol, HbAlc and systolic blood pressure (separate models); coefficients were estimated with linear
regression, adjusted for gender and ethnicity at 11-13 years, and additionally adjusted for educational attainment (attainment/non-attainment of higher education degree),
physical activity (based on tertiles of sitting/sedentary time), smoking (current smoker/non-smoker), energy intake and saturated fat intake at 21-23 years. N=664, 635, 499,
484, 481, and 664, respectively, for linear regression models with BMI, waist:height ratio, total cholesterol, HDL-cholesterol, HbAlc, and systolic blood pressure,
respectively, as the outcome.
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Table 3. Influence of dietary behaviours at 11-13 years and at 21-23years on nutritional composition of the diet at 21-23years. The
Determinants of Adolescent, now young Adults, Social well-being and Health study.
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Energy intake (kcals) Fat (%0 of energy) Saturated fat (% of  Sugar (% of energy) Fibre (g/1000kcals) Sodium (mg/1000kcals)
energy)

11-13y Coef. p Coef. Coef. Coef. Coef. p Coef. p
(95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)

Skipping breakfast (No - Ref)

Yes -116.25 0.122 -0.19 0.826 0.42 0.361 0.11 0.889 -0.81 0.022  -58.83 0.359
(-263.65, 31.15) (-1.86, 1.48) (-0.48, 1.31) (-1.43, 1.65) (-1.49, -0.12) (-184.66, 67.00)

Not stated -176.37 0.182 0.14 0.927 0.66 0411 2.13 0.123 -0.74 0.230  50.38 0.655
(-435.51, 82.77) (-2.80, 3.08) (-0.92, 2.24) (-0.58, 4.85) (-1.95, 0.47) (-170.84, 271.61)

Fruit (>2 serves/day - Ref)

<2 serves/day 142.89 0.057 -0.57 0.503 -0.44 0.339 -0.14 0.859 -0.36 0.312 -5.49 0.932
(-4.17, 289.95) (-2.24,1.10) (-1.33, 0.46) (-1.68, 1.40) (-1.04, 0.33) (-131.17, 120.19)

Not stated 23.48 0.830 -0.84 0.498 -0.65 0.330 1.34 0.244 0.16 0.752  68.67 0.464
(-191.86, 238.83) (-3.29, 1.60) (-1.96, 0.66) (-0.92, 3.59) (-0.85,1.17) (-115.37, 252.70)

Vegetables (>3 serves/day - Ref)

<3 serves/day -48.49 0522 -1.15 0.178 -0.60 0.193 132 0.095 -0.31 0.383  -27.77 0.667
(-197.09, 100.11) (-2.83,0.53) (-1.50, 0.30) (-0.23, 2.86) (-1.00, 0.39) (-154.45, 98.91)

Not stated -108.10 0.416 -1.23 0.414 -0.07 0.930 3.56 0.010 -0.10 0.869 47.31 0.676
(-368.68, 152.47) (-4.17,1.72) (-1.65, 1.51) (0.85, 6.27) (-1.32,1.12) (-174.83, 269.45)

Fizzy drinks (No - Ref)

Yes 34.82 0.650 0.04 0.964 0.34 0.469 -0.08 0.915 -0.72 0.045 -51.30 0.432
(-115.70, 185.35) (-1.66, 1.74) (-0.58, 1.25) (-1.65, 1.48) (-1.42,-0.02) (-179.49, 76.89)

Not stated -47.59 0.721 -0.27 0.857 0.66 0.414 3.15 0.023 -0.66 0.287 70.21 0.536
(-308.79, 213.60) (-3.23, 2.69) (-0.93, 2.25) (0.44,5.87) (-1.88, 0.56) (-152.23, 292.64)

21-23y

Skipping breakfast (No - Ref)

Yes -68.16 0.362 1.10 0.195 0.26 0.565 -0.49 0530 -1.33 <0.001 -35.13 0.581
(-214.82, 78.49) (-0.56, 2.75) (-0.63, 1.15) (-2.02, 1.04) (-2.01, -0.65) (-160.14, 89.88)

Not stated -144.67 0.602 1.70 0.587 -0.99 0.558 -2.17 0.456 0.00 0.998  -199.83 0.399
(-689.91, 400.57) (-4.46, 7.87) (-4.30, 2.33) (-7.87, 3.54) (-2.52, 2.52) (-664.60, 264.93)

Fruit (>2 serves/day - Ref)

<2 serves/day 27.47 0.715 0.70 0.411 0.89 0.052 -0.47 0547 -1.22 <0.001 -29.32 0.647
(-119.98, 174.91) (-0.97, 2.37) (-0.01, 1.78) (-2.01, 1.07) (-1.90, -0.54) (-154.98, 96.35)

Not stated -7.71 0.974 1.19 0.658 0.14 0.921 -3.14 0.205 0.67 0.542  -33.96 0.867
(-473.24, 457.83) (-4.08, 6.45) (-2.68, 2.96) (-8.00, 1.72) (-1.48, 2.82) (-430.73, 362.82)
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Vegetables (=3 serves/day - Ref)

<3 serves/day -27.94 0.731 1.50 0.100 1.06 0032 0.11 0.896 -1.30 0001 -101.31 0.143
(-187.19, 131.32) (-0.29, 3.30) (0.09, 2.02) (-1.55, 1.78) (-2.04, -0.56) (-236.80, 34.18)

Not stated 26.10 0.896 4.01 0076 1.27 0294 -1.83 0380 -0.76 0410 18.78 0.912
(-366.17, 418.37) (-0.42, 8.43) (-1.10, 3.65) (-5.93, 2.27) (-2.58, 1.05) (-314.96, 352.51)

Skipping breakfast defined as eating breakfast less than 5 days per week; low fruit consumption defined as less than 2 portions per day; low vegetable consumption defined as
less than 3 portions per day; fizzy drink consumption defined as consuming fizzy drinks every day or most days. Multivariate linear regression models for energy intake, %
energy from fat, % energy from saturated fat, % energy from sugar, fibre intake, sodium intake (separate models); coefficients were estimated with linear regression, adjusted
for gender, and ethnicity at 11-13 years, and additionally adjusted for educational attainment (attainment/non-attainment of higher education degree), physical activity (based
on tertiles of sitting/sedentary time), and smoking (current smoker/non-smoker) at 21-23 years. N=628 for linear regression models for all six nutritional composition
variables as the outcome.
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FIGURE LEGENDS

Figure 1. Rates of (a) regularly skipping breakfast, (b) low daily fruit and (c) low daily
vegetable consumption according to ethnicity at 11-13 years and at 21-23 years. The

Determinants of Adolescent, now young Adults, Social well-being and Health study.
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