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Abstract

Objective: We describe diet quality by demographic factors and weight status
among Barbadian children and examine associations with excess energy intake
(ED. A screening tool for the identification of children at risk of excess EI was
developed.

Design: In a cross-sectional survey, the Diet Quality Index—International (DQI-I)
was used to assess dietary intakes from repeat 24 h recalls among 362 children
aged 9-10 years. Participants were selected by probability proportional to size. A
model to identify excess energy intake from easily measured components of the
DQI-I was developed.

Setting: Barbados.

Participants: Primary-school children in Barbados.

Results: Over one-third of children were overweight/obese, and mean EI for boys
(8644 (st 174-5) kJ/d (2066 (sE 41-7) kcal/d)) and girls (8912 (st 169-9) kJ/d (2130
(st 40-6) kcal/d)) exceeded the RDA. Children consuming a variety of food groups,
more vegetables and fruits, and lower percentage energy contribution from
empty-calorie foods showed reduced likelihood of excess EI Intake of more than
2400mg Na/d and higher macronutrient and fatty acid ratios were positively
related to the consumption of excess energy. A model using five DQI-I
components (overall food group variety, variety for protein source, vegetables,
fruits and empty calorie intake) had high sensitivity for identification of children at
risk of excess EI.

Conclusions: Children’s diet quality, despite low intakes of fruit and vegetables, Km‘ngj
was within acceptable ranges as assessed by the DQI-I and RDA; however, portion Diet quality
size was large and EI high. A practical model for identification of children at risk of Afro-Caribbean
excess EI has been developed. Overweight

Caribbean countries now face rising levels of obesity and
other chronic diseases among children. Yet there are few
published data to guide the identification of children at
risk. Diet quality is important because of its relationship to
obesity™™ and some research suggests that diet quality
scores could be important to interventions designed to
reduce obesity'®. Consumption of high-energy, low-
nutrient foods has been a particular focus because they
are thought to replace ‘healthy’ foods®. Studies have
described the effects of fast foods(4), added sugar, bev-
erage consumption” as well as specific foods such as
apples(@ and mangoes” on diet quality. Traditionally,
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dietary adequacy has been the focus of dietary assess-
ments among children in the Caribbean and was asso-
ciated with undernutrition and nutrient deficiency
disease®, which has decreased appreciably in recent
times'”. These countries now face rising levels of obesity
and other chronic disease among children"'”, hence
dietary recommendations that may reduce cardiovascular
risks have become a major public health thrust. A recent
assessment of adult dietary patterns globally indicated that
women and men in Barbados ranked first and second,
respectively, among 187 countries for high diet quality
regarding the consumption of ten healthy food items in
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2010“Y. Diets among children appear to be similar?, yet

childhood overweight is prevalent'®. Demographic and
socio-economic factors identify children at risk of high
energy intake and obesity in the developed world'®.
Notwithstanding, these associations have not been well
documented for developing countries with recent experi-
ence of the nutrition transition.

In an early study of Barbadian adolescents, girls, com-
pared with boys, were more likely to be overweight'>.
The Barbados Children’s Health and Nutrition Study
(BCHNS) showed high consumption of ‘empty calories’
(21 % of total energy derived from sugar-added beverages)
and infrequent intake of milk?,

Given the inverse association of socio-economic status
(SES) with overweight'®, diet quality*” and food-related
practices, it might be expected that levels of overweight
and excess energy intake would be higher among children
from single-parent or multigenerational homes. We
hypothesized that girls, overweight children, children from
less privileged homes and those whose diets exceed the
age/sex recommendations for energy intake would have
diets comprising high proportions of foods and nutrients
associated with chronic disease. Diet quality indices such
as the Diet Quality Index—International (DQI-D provide
tools for assessing such"®. Given that the moderation
category of the DQI-I captures nutrients associated with
the development of metabolic disease, we paid particular
attention to the components in this category. The index
adjusts for energy intake, an approach that is considered
preferable with respect to assessment of correlations of
nutrients with biomarkers™®. In addition, because most
adults who are overweight were not overweight as chil-
dren it is important to identify children at risk of over-
weight from factors other than their current
anthropometry. Diet is clearly important to the develop-
ment of obesity, so identification of dietary patters that
portend obesity would be welcome.

In the present study, we therefore describe the diet
quality of Barbadian children and highlight demographic
and weight status differences in dietary components
among children aged 9-10 years. We further sought to
develop a screening model to identify children at
increased risk of excess energy intake.

Methods

A cross-sectional survey was conducted on 362 children
aged 9-10 years attending a representative sample of
government primary schools in Barbados.

Sampling

The main study from which data for the present paper
were taken was designed to provide nationally repre-
sentative data and prevalence estimates for the nutritional
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status of 9-10-year-old children in Barbados®. Prob-
ability proportional to size was used to select the schools
included. This allows larger schools to be more likely to be
selected’”. There were seventy-four public primary
schools in Barbados and 85-7 % of all children of primary-
school age attended government schools in 2010-2011. All
students in Class 3 (Grade 5 equivalent) were eligible for
participation in the study. All schools selected agreed to
participate in the study. The Ministry of Education pro-
vided a list of the number of children aged 9-10 years in
each school. These were arranged in a sequential list and a
selection of clusters was arrived at by calculating a sam-
pling interval. The number of children in each school
ranged widely (thirteen to 140 children). From a randomly
selected starting point, fifteen schools were chosen and
forty-two children per school were selected within age
and sex categories. Where there were too few children to
fill the categories, another school of comparable char-
acteristics in the neighbourhood was drawn to complete
the age and sex groups. If children refused to participate in
the study, recruitment continued until a total of forty-two
students were enrolled in each cluster. For the current
study, alternate children were selected for inclusion in the
dietary study.

Recruitment

An a priori decision was taken to select a sub-sample of
students to examine dietary behaviours, in view of limited
resources. At enrolment, alternate children were system-
atically enrolled for dietary measures. All children approa-
ched agreed to participate. Of the 385 who provided dietary
intake measures, twenty-three provided only one 24 h recall,
resulting in 362 with adequate measures. There were no
significant differences in age, BMI Z-score or other anthro-
pometric measurements among children who had dietary
measures compared with those who did not. Informed
written consent was obtained from parents and assent from
children. All measurements were obtained by trained
observers. Quality control included reliability checks of
measurements by the supervisor prior to and during data
collection. Inter-observer reliabilities for height were con-
ducted prior to the start of the study (72 32) and intra-class
correlation coefficients were high (>0-97). Scales were cali-
brated by use of a standard weight (3kg). The fieldwork
supervisor visited the schools to ensure that the measure-
ment protocols for dietary intakes were followed. Data were
collected from September 2010 to April 2011.

Measurements

Body composition

All measurements were conducted under semi-private
conditions prior to lunch and at least 2 h after the last
meal. Children were measured in uniform, with shoes and
socks removed. Height was measured using a stadiometer
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(HM200P; Charder Co. Ltd, USA), weight using a digital
scale and foot-to-foot measurement of bioimpedance
analysis using the Tanita TBF-300 Body Composition
Analyser. Standing height and weight were measured to
0-1cm and 0-1kg, respectively, following standard pro-
cedures”®”. Height and BMI were converted to Z-scores
using the WHO growth reference and AnthroPlus pro-
gram“". Two consecutive measurements were performed
for each anthropometric measure. The mean was used in
data analyses. Children’s weight status was categorized
using the WHO references "

Household type

Given that we did not have access to SES measures from
parents, household type (single-parent or two-parent) was
used as a proxy measure of SES. To assess household type
children were asked whether they lived in the home with
both parents (mother and father), one parent (single), or
with one parent and others such as grandmothers or aunts
(extended family). We aggregated the single and extended
families into one category.

Dietary intake

As indicated earlier, a sub-sample of students (12 362)
provided dietary information to determine diet quality of
the 9-10-year-olds. Dietary intakes were estimated from
the mean of three 24h recalls administered on non-
consecutive days including a weekend day. Portions were
carefully estimated using food models (Nasco, USA),
household measures and utensils, in conjunction with a
detailed description of the food and the method of pre-
paration, where applicable. For composite dishes, the
amount of each ingredient used in the recipe was esti-
mated by the researcher. Household measurements
recorded were converted into food weights in grams using
the software Nutritionist Pro™ version 5.3.0 (Axxya Sys-
tems, USA). If cooked dishes were not found in the
database of Nutritionist Pro, the investigator made an ori-
ginal recipe from standard cookbooks for each dish (per
100 g) and then the quantitative information was entered
in the Nutritionist Pro software. Daily amounts of nutrients
were generated by referencing and accessing the latest
national dietary database that the software was connected
to by default. US Department of Agriculture reference
items were selected when available. Mean energy and
nutrient intakes were recorded. A priori we excluded
children who had only one 24h dietary recall or who
reported daily energy intakes of less than 2092k]
(500 kcal) or more than 20 920 kJ (5000 kcal); twenty-three
children were excluded from analysis.

The DQI-I was used to assess the quality of the diet and
conformance to the Dietary Guidelines for Americans
2010“®. The DQI-I uses scores for each dietary compo-
nent and summarizes these into four main categories:
variety, adequacy, moderation and overall balance. Each
category is given a score dependent on energy intake. The
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scores for all four categories are summed, resulting in the
total DQI-I score which ranges from 0 to 100 (0 being the
lowest and 100 the highest possible score). Under each of
these categories specific components of diet are assessed:
two variety components (overall food group variety and
within food group variety); eight adequacy components
(intakes of vegetables, fruits, grains, fibre, protein, iron,
calcium and vitamin C); five moderation components
(intakes of total fat, saturated fat, cholesterol, sodium and
empty-calorie foods (i.e. foods with low nutrient density));
and two overall balance components (macronutrient ratio
and fatty acid ratio based on servings, g/d or RDA).
Excess energy intake was calculated based on US
Department of Agriculture estimates of the daily energy
needs for Americans by age, gender and physical activity®?.
We categorized children into ‘within energy’ or ‘excess of
energy’ intake groups from reported intake. Energy from
beverages was included in diet quality calculations.

Statistical analyses

The dietary data set was cleaned and summarized using
the technical computing system Mathematica version 10.0
(Wolfram, USA); all subsequent statistical analysis was
carried out using the statistical software package Stata
version 14.0 and the statistical software R x 64 version
3.2.3. Children’s weight status was categorized using the
WHO references "

Differences in continuous variables expressed as means
with their standard errors were examined by ANOVA and
differences in proportions by were examined by y?
analyses.

A penalised regression — in the present case, a least
absolute shrinkage and selection operator (LASSO)
regression — was applied in order to attain an optimal
model covariate subset for membership in the excess
energy intake group using the DQI-I components as pre-
dictor variables (Table 3). The dependent variable was
energy intake (from 24h recalls) with age, sex, BMI
Z-score and household type controlled. Variables that
enter our proposed model early show the most predictive
ability, whereas variables that enter late show less. Thus as
4, the weight given to the regularization term (Z1 — Norm)
approaches zero, the loss function of our model approa-
ches the ordinary least-squares:

Plasso = argmin[RSS(f) + Ax L1—Norm(f)].

Binary logistic regression was then carried out to select the
most parsimonious model. Model fit was judged by
employing the Hosmer-Lemeshow test. OR were reported
for all significant covariates (z<0-05 and all 95% CD.
Marginal effects at the means (MEM), i.e. the contribution
of each DQI-I dietary component to the model, were
calculated for interpretation of the predictive probabilities
of all significant independent variables, with age, sex and
household type nested. The models’ classification, log-
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Table 1 Demographic, anthropometric and socio-economic variables and energy intake of children aged
9-10 years (n 362), Barbados Children’s Health and Nutrition Study (BCHNS), September 2010-

April 2011

Boys (n 174) Girls (n 188)
Variable Mean or Median sp or IQR Mean or Median sp or IQR
Age (years) 9-69 0-36 971 0-34
Height (cm) 13929 6-91 141-66 7-34
Weight (kgg 35-60 11-00 3779 10-26
BMI (kg/m*) 18-11 4.27 18.63 4.04
BMI Z-score, median and IQR 047 1-61 0-57 1.41
% Two-parent household 431 494
% Overweight/obese (>1 sb) 33.0 41.0
% Excess energy intaket 644 79-8**

IQR, interquartile range.

Values are presented as mean and standard deviation, unless indicated otherwise.

**Difference significant at the 1 % level.

tPercentage with energy intake in excess of the US Department of Agriculture’s age/sex energy intake recommenda-

tions®?,

likelihood and the likelihood-ratio 4* statistic were used to
compare the parsimonious model with a proposed more
practically applicable model which was nested within the
parsimonious model. Finally, a multilevel linear regression
model was employed to ascertain the percentage con-
tribution from the children’s intake of empty calories to the
overall model variance. We evaluated our model for pla-
nar collinearity using the sub-component scores and
investigated the marginal effects of significant compo-
nents. Our criteria for removal of cases was variance
within 1 sp on four or more covariates.

Results

Table 1 displays the characteristics of participants. The
mean age of boys (9-7 (s 0-4) years) and girls (9-7 (sp 0-3)
years) was similar. The sex differences in weight status did
not reach statistical significance. However, girls were more
likely to report excess energy intake (P<0-01; Table D).

Table 2 shows daily mean intakes of energy and nutri-
ents. The mean daily energy intake of boys (8644 (st
174-5) kJ/d (2066 (st 41-7) kcal/d)) and girls (8912 (sk
169:9) kJ/d (2130 (s& 40-6) kcal)) was similar. Mean
reported intakes were higher than the RDA (6694-7531K]/
d (1600-1800 kcal/d)) for both sexes. The proportion of
energy contributed by macronutrients was within the RDA
for both girls and boys; however, energy from saturated
fats exceeded the recommendations®?. The percentage of
energy from sugar was significantly higher among gitls
(26:1 %) than boys (24:6%; P< 0-05; Table 2).

Most children 72 (95% CI 68, 77)% reported greater
daily energy intake than recommended for their age/sex
category'®?. Children reporting excess energy intake had
higher unadjusted diet quality scores (58:09 (se 0-50))
compared with children whose diets fell within the energy
recommendations (55-89 (se 0-90); P=0-028).

The mean DQI-I scores were as follows: total DQI-I,
57-5 (s 0-45; maximum=100); variety, 15-0 (s& 2-0;

https://doi.org/10.1017/51368980019000296 Published online by Cambridge University Press

maximum = 20); adequacy, 28-2 (st 0-21; maximum = 40);
moderation, 12-8 (st 0-28; maximum = 30); overall balance,
1-47 (se 0-1; maximum=10). Thirty-seven per cent of
children attained a total DQI-I score of 60 or greater (data
not shown). Table 3 summarizes the overall and sub-
components of diet quality scores. The quality of the diet
was varied. Almost 60% of children reported diets with
none or one food group missing per day. Most children
(85-1%) had protein from at least two sources per day.
With respect to the adequacy of intakes, more than two-
thirds (69-0%) of children reported low vegetable intake
and 3-6% of children reported diets devoid of vegetables.
Approximately 60% of children ate less than 50% of the
recommended serving of fruits and included 13-0% of
children who reported that they did not consume fruits
during the period under review. Intake of the recom-
mended levels of grain consumption was reported by
35-9% of students, however few students (5-4 %) ate less
than one-half of the recommended levels. Forty per cent
of children met the recommendations for grain intake. The
vast majority of students met or exceeded recommended
levels for protein (94-5%), Fe (88:1%) and vitamin C
(84-0%). Ca intake was low; 1-4 % of children met the RDA
for Ca and 66-2% reported intakes less than 50 % of the
recommended level.

Examination of the moderation category showed that
more than one-half children reported high total fat (60-5 %)
and saturated fat (53-9%) intakes; nevertheless, almost
three-quarters (72-4 %) of children consumed cholesterol at
desirable levels (Table 3). Forty per cent of children con-
sumed <2400 mg Na/d. Whereas less than 10 % of children
reported diets that contained <3% of total energy con-
sumed as empty calories, 55-2% of children derived >10%
of energy from empty-calorie foods.

Differences by sex, weight status and bousebold
type

Stratification of the DQI-I scores by sex revealed that there
was a tendency for girls to have better overall diet quality
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Table 2 Comparison of the mean and median daily energy and nutrient intakes of children aged 9-10 years (n 362), Barbados Children's
Health and Nutrition Study (BCHNS), September 2010-April 2011

Boys Girls

RDA Mean SE Median RDA Mean SE Median
Energy (kJ) 7531 8644 1745 8502 6694-7531 8912 1699 8690
Energy (kcal) 1800 2066 417 2032 1600-1800 2130 406 2077
Carbohydrates (g) 130 286-7 6-0 279-2 130 298-9 59 297-3
Protein (g) 34 712 1.7 68-2 34 73-0 1.7 72-6
Fat (g) 25-35 727 18 68-3 25-35 737 1.8 719
Saturated fat (g) - 24-3 07 23-8 <10 246 0-7 234
Trans fat (g) - 0-6 01 0-3 - 07 01 04
Cholesterol (mg) <300 248-6 10-0 230-4 <300 249-4 10-6 206-1
Sugar (9) - 127-7¢ 36 123.5 - 139-1 37 1351
Fibre (g) 25 14.0 0-4 12-6 22 14.6 04 135
Vitamin A (RE) 600 4902 358 3316 600 565-4 46-8 3718
Vitamin C (mg) 45 96-3 55 874 45 1080 16-2 815
Vitamin D (ug) 15 13 0-1 09 15 15 0-1 12
Na (mg) <2200 27230 675 26044 <2200 26885 635 2662-4
Ca (mg) <1300 581.2 184 544.9 1300 610-5 313 5690
Fe (mg) 8 12.2 03 115 8 12.2 03 114
% Energy from carbohydrate 45-65 55.7 05 56-1 45-65 56-3 05 56-4
% Energy from protein 10-30 138 0-2 136 10-30 137 0-2 135
% Energy from fat 25-35 314 03 313 25-35 309 04 307
% Energy from saturated fat <10 10-5 02 10-4 <10 10-2 0-2 101
% Energy from trans fat - 0-3 0-0 0-1 - 03 0-0 02
% Energy from sugar - 24-6 05 241 - 26-1 05 260
% Energy from added sugar - 181 05 18-0 - 197 0-5 197
% Energy from empty-calorie foods - 11-3 05 109 - 11.7 05 11.2
% Energy from empty-calorie sugar-added beverages - 88 05 81 - 8.9 05 79

Mean intake of boys significantly different from that of girls: *P<0-05.

(boys, 56-6 (st 0-65); girls, 58:3 (st 0-61); P=0-058), overall
balance (boys, 1-28 (st 0-14); girls, 1-65 (st 0-14); P=0-068)
and macronutrient ratios (boys, 1-02 (se 0-12); girls, 1-37 (se
0-13); P=0-054; data not shown). Girls also consumed
significantly more vegetables (boys, 1-81 (se 0-10); gitls,
2:12 (s 0-09); P=0-026) and vitamin C (boys, 4-61 (sE
0-07); gitls, 4-78 (st 0-05); P=0-050) than boys. There were
no significant differences in overall diet quality nor its
components by weight status. Na intake was significantly
higher among children from two-parent households (data
not shown).

Models for identification of children at risk of
excess energy intake

The penalized logistic model

The variables selected from the LASSO regression are
described in Table 4 where each row represents the value
taken by a different coefficient. From the log-likelihood
ratio y* test, the model’s y* (I value was 212-44 with
Prob > y* =0-001.

Table 5 presents significant OR for the likelihood of
excess energy intake by sociodemographic factors and
DQI-I sub-components. Girls were more likely to consume
excess energy intake compared with boys. Children from
two-parent households showed decreased likelihood of
high energy intake compared with those from single-
parent households. Children who reported a variety of
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food groups were less likely to consume excess energy
and the likelihood decreased with fewer food groups
omitted in the diet. More vegetables and fruits and lower
percentage energy contribution from empty calories were
inversely related to excess energy intake. Intake of more
than 2400 mg Na/d and higher macronutrient and fatty
acid ratios were positively associated with the consump-
tion of excess energy. In some cases, differences in OR
from one category to the next were low. For example, for
food group variety, ‘greater than 3 food groups missing
(OR=0-003; 95% CI 0-0002, 0-04) had as negative an
effect as did ‘greater than 4 groups missing’ and shows that
the this category did not confer a practical difference in
risk compared with the reference.

Marginal effects
The MEM for all significant, discrete and continuous cov-
ariates in our selected models were calculated. The mar-
ginal effect is an instantaneous effect that a change in a
particular explanatory variable has on the predictive
probability of a quantity, when the other covariates are
kept fixed. In our case, we were therefore able to assess
the effect of a change from one category of a particular
variable, such as empty calorie intake, on the likelihood of
a child to have membership in the excess energy
intake group.

The MEM for empty calorie intake was —0-17 and shows
that for a student with all other average values, held
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Table 3 Components of the Diet Quality Index—International (DQI-I)
and the percentage in component sub-categories among children
aged 9-10 years (n 362), Barbados Children's Health and Nutrition
Study (BCHNS), September 2010—-April 2011

All (362)
Component (range -
of score) Scoring criteria %
DQI-I total (0—100)
Variety (0-20)
Food group >1 serving from each food 24.3
variety (0—15) group/d=15
Any 1 food group missing/ 36-5
d=12
Any 2 food groups missing/ 271
d=9
Any 3 food groups missing/ 11-3
d=6
>4 food groups missing/d=3 08
None from any food groups 0-0
Variety for protein >3 different sources/d=5 57-2
source (0-5) 2 different sources/d=3 279
From 1 source/d=1 141
None 0-8
Adequacy (0-40)
Vegetable group > 3-5 servings/d =5,
(0-5) 0 servings/d=0
>100% 4.7
<100-50% 26-2
<50 % 69-
Fruit group (0-5) >2-4 servings/d=5,
0 servings/d=0
>100% 157
<100-50 % 254
<50 % 58-8
Grain group (0-5)  >6-11 servings/d=5,
0 servings/d=0
>100% 359
<100-50 % 58-5
<50 % 5.4
Fibre (0-5) >20-30 g/d=5, 0 g/d=0
>100% 33
<100-50% 60-7
<50 % 359
Protein (0-5) >10% of energy/d =5,
0% of energy/d=0
>100% 94.5
<100-50 % 52
<50 % 02
Iron (0-5) >100% RDA (Al)/d=5,
0% RDA (Al)/d=0
>100% 88-1
<100-50 % 11.3
<50 % 05
Calcium (0-5) >100% RDA (Al)/d=5,
0% RDA (Al)/d=0
>100% 14
<100-50% 323
<50 % 66-2
Vitamin C (0-5) >100% RDA (RNI)/d=5,
0% RDA (RNI)/d=0
>100% 84.0
<100-50% 10-7
<50 % 52
Moderation (0-30)
Total fat (0-6) <20 % of total energy/d=6 1.7
>20-30 % of total energy/ 378
d=3
> 30 % of total energy/d=0 60-5
Saturated fat <7% of total energy/d=6 77
(0-6) >7-10% of total energy/d=3 384
> 10 % of total energy/d=0 53.
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Table 3 Continued

All (362)
Component (range -
of score) Scoring criteria %

Cholesterol (0-6) <300mg/d=6 72:4

>300mg/d=3 141
>400mg/d=0 135
Sodium (0-6) <2400 mg/d=6 395
>2400-3400mg/d=3 412
>3400mg/d=0 19-3

Empty-calorie <3% of total energy/d=6 8.6

foods (0-6) > 3-10 % of total energy/d=3 36-2
>10% of total energy/d=0 55.2
Overall balance

(0-10)

Macronutrient 55-65:10-15:15-25=6 41
ratio 52-68:9-16:13-27=4 12.7
(carbohydrate: 50-70:8-17:12-30=2 22:4
protein:fat) Otherwise =0 60-8
(0-6)

Fatty acid ratio P/S=1-1.5 and M/S=1- 33
(0-4) 1.5=4

Else P/S=0-8-1-7 and 66
M/S=0-8-1.7=2
Otherwise =0 90-1

Al, Adequate intake; RNI, Reference Nutrient Intake; P/S, polyunsaturated/
saturated; M/S, monounsaturated/saturated.

constant, the predictive probability of entering the excess
energy intake category increases by 29 % as s/he moves
from an empty calorie score of 3 to 6. Similarly, the MEM
for DQI-I fruit intake score of —0-03 reveals that for an
increase of one unit in fruit intake, the probability of
excess energy intake was 1-84 times lower. The MEM for
the DQI-I vegetable and iron scores were —0-08 and 0-25,
respectively (data not shown).

The data showed that as students’ intake of empty cal-
ories increased, Na intake also increased, as did the
probability that the student would be in the excess energy
intake group.

The parsimonious model attained an overall rate of
correct classification estimated at 86-4 %, with 91-1 % sen-
sitivity and 76-8 % specificity.

Practical model

Our most parsimonious model included seven of the
seventeen subcomponents. Four of these sub-compo-
nents, namely sodium, iron, macronutrient ratio and fatty
acid ratio (nuisance covariates), would be difficult to
estimate from a brief interview. Therefore, we created ten
further models all nested in our parsimonious model; one
containing none of the listed nuisance covariates. The
predictors were overall food group variety, variety from
protein, vegetables, fruits and empty calorie intake.

Our multilevel model to further examine the relation-
ship of empty calories (moderation category) with total
energy intake showed a linear relationship. Each 29-1 unit
increase in empty calories was associated with an increase
of 4-18kJ (1 kcaD) in total energy intake (data not shown).


https://doi.org/10.1017/S1368980019000296

Model for identification of children at risk

Table 4 The variables selected from the LASSO regression and
corresponding coefficients for predicting excess energy intake
among children aged 9-10 years (n 362), Barbados Children's
Health and Nutrition Study (BCHNS), September 2010-April 2011

Variable Coefficient
Sex 0115
Household type -0-206
Overall food group variety 0-044
Variety for protein source 0-0415
Vegetable group -0-029
Fruit group -0-024
Grain group -0-011
Protein -0-173
Iron 0-197
Calcium 0-009
Vitamin C 0-037
Sodium —-0-075
Empty-calorie foods —-0-037
Macronutrient ratio 0-015
Fatty acid ratio 0-032

LASSO, least absolute shrinkage and selection operator.

Each row represents the value taken by a different coefficient. Variables that
enter the proposed model early show the most predictive ability, whereas
variables that enter late show less.

Discussion

The current study adds to the few data that provide
detailed descriptions of dietary intakes and diet quality
among children. We found that on average, energy intake
exceeded the RDA and the consumption of fruits, vege-
tables, Ca and fibre were low whereas intakes of fats and
empty-calorie foods were high. The overall score for diet
quality of 57-5 was modest™™®. Our practical model to
identify children consuming excess energy suggested the
model could correctly classify 82:3 % of children.

Compared with maximum possible scores, the scores
for adequacy (28/40) and variety (15/20) were high,
reflective of the high food availability and by extension
food security®®. The lower moderation (12-8/30) and very
poor overall balance (1-4/10) scores are suggestive of
developed-country patterns of overnutrition®?.

While the overall scores for diet quality and its main
categories were relatively good and in keeping with world
data"®, there are key areas of concern. Most of the chil-
dren reported higher than recommended levels of energy
intake. Both fat and sugar intakes were high and similar to
our previous finding"® that children’s energy intake from
sugar was 25%. In the present study, 11% of energy was
empty calories and 9% was empty calories from sugar-
added beverages, which was considerably higher than
reported for Canadian children aged 8-10 years whose
energy intake from sugar was 12 % with 2-6 % from sugar-
added beverages™. Given that with almost one-fifth
(18:9%) of energy was from added sugar but only 11 %
was from empty-calorie foods, this indicates that a con-
siderable amount of sugar intake was concentrated in
foods that also deliver important nutrients such as fla-
voured milks. Our findings suggest that targeting the
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consumption of all foods containing sugar and not only
empty-calorie beverages may be more important for
obesity prevention and management.

Ca intake was very low. Sixty-six per cent of children
reported intakes below the US Department of Agriculture
recommendations. Of note, 9-10-year-olds are approach-
ing or in early puberty, hence requirements for Ca are high
due to increased rates of growth®”. Given the culturally
embedded practice of high sugar consumption with milk,
the question arises as to whether local recommendations
should promote increased intake of Ca from milk. Thus,
consideration should be given to alternatives such as leafy
greens, seafood (including canned fish), legumes and
fortified foods as recommendations for increased
intake of Ca.

There were few differences in diet quality by sex,
weight status group or household type. The absence of
differences by these factors is not surprising given the
large middle class and epidemiological transition®®. Fur-
ther study on the distribution of food-related chronic dis-
ease markers in childhood is an important precondition for
identification of targeted interventions.

The current study shows that girls were more likely to
consume excess energy and showed higher prevalence of
overweight than boys. The current findings, similar to
those from previous studies, point to a need for over-
weight/obesity interventions with a particular focus on
girls"*'527On the other hand, girls enter puberty at an
earlier stage than boys so increased energy consumption
may reflect increased needs.

Children with low moderation scores (<12/30 DQI-I
points) were more likely consume excess energy. Macro-
nutrients and components of the moderation category
(empty-calorie foods and sodium) were positively related
to excess energy intake.

Our multilevel model of total energy intake showed that
there was little practical relationship between energy
intake and the proportion of empty calories a child con-
sumed, suggesting that the children across all ranges of
energy intake ate similar quality food with respect to
energy density. This means that even those whose energy
consumption was within the recommended ranges may
still be at increased risk related to pathogenic constituents
of the diet such as sugar. A diet that provides high energy
from sugar is thought to potentiate diabetes via the fruc-
tose route”®. This is important given the high levels of
diabetes in the adult population®”, who most likely have
diets similar to children""®. Large portions are therefore
likely to be an important contributor to additional meta-
bolic risk for this group since most children overshoot
their energy recommendations.

Given the established association between SES and
consumption of energy-dense, low-nutrient foods, it is
important for the relationship of SES with diet quality be
further explored in Barbados. Studies show that children
living in female-headed homes®® or multigenerational
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Table 5 OR and 95 % ClI for the likelihood of excess energy intake by sociodemographic factors and Diet Quality Index—
International (DQI-I) sub-components among children aged 9-10 years (n 362), Barbados Children's Health and

Nutrition Study (BCHNS), September 2010—-April 2011

Variablet OR 95% ClI P
Gender

Boys 1.00 Reference

Girls 6-42 249, 16-52 0-001
Household type

Single-parent 1.00 Reference

Two-parent 0-15 0-02, 0-93 0-042
Overall food group variety

>4 food groups missing/d (3 points) 1.00 Reference

Any 3 food groups missing/d (6 points) 0-003 0-0002, 0-04

Any 2 food groups missing/d (9 points) 0-03 0-004, 0-21 0-001
Variety for protein source

1 source/d (1 point) 1.00 Reference

>1 source/d 0-23 0.-05, 0-91 0-036
Vegetables

0-2 servings/d (<2-5 points) 1-00 Reference

3-5 servings/d (5 points) 0-48 0-31, 075 0-001
Fruits

0-2 servings /d (<25 points) 1.00 Reference

2—4 servings/d (5 points) 0-55 0-39, 0-80 0-002
Sodium

<2400 mg/d (6 points) 1-00 Reference

>2400-3400 mg/d (3 points) 2798 911, 85-89 0-001
Empty-calorie foods

>10 % of total energy/d (0 point) 1-00 Reference

> 3-10 % of total energy/d (3 points) 0-25 0-90, 0-72 0-01

<3% of total energy/d (6 points) 0-07 0-14, 0-33 0-001
Macronutrient ratio (carbohydrate:protein:fat)

Otherwise (0 point) 1-00 Reference

52-68:9—-16:13-27 (4 points) 5-80 115, 2917 0-033
Fatty acid ratio

Otherwise (0 point) 1-00 Reference

P/S=1-1-5 and M/S=1-1-5 (4 points) 9-07 1.25, 65-71 0-029

P/S, polyunsaturated/saturated; M/S, monounsaturated/saturated.

OR and 95 % CI for significant DQI-I components from binary logistic regression of reported energy intake (recommended v. excess).
The Hosmer—Lemeshow test was used to judge model fit. Predictive probabilities of all significant independent variables were inter-

preted using marginal effects at the means.

1The model was adjusted for age, sex, household type (single- or two-parent household) and BMI Z-scores.

households®" were more likely to face socio-economic
disadvantage compared with those from two-parent
homes®?. Choi and Marks highlight that marital relation-
ships may provide a buffer against the adverse effects of
lower SES, including social support, social control and
financial resources®®. Our data indicate that the gradient
based on household type, our proxy for SES, was negli-
gible in practical terms. This may be an effect of the broad
middle class and high food availability. This feeds into one
of our aims to find culturally sensitive methods of identi-
fying children at increased metabolic risk.

Items such as percentage of protein or macronutrient
ratio did not contribute significantly to variance of pre-
dictors of energy intake and may be related to the high
DQI-I score (95 % of children met protein requirements).
Protein and macronutrients are therefore not useful in
identifying children at increased risk of high energy intake
since they are replete across the range of the population.

Cultural practices including food behaviours are
expected to travel with migrants to their new homes. Tull
and Taylor showed an independent association of place of
birth with the frequency of fast-food restaurant use among
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Afro-Caribbean US residents®®. Our findings are hence
also important for countries that have substantial Car-
ibbean immigrant populations such as the USA and
the UK.

We have presented here a practical model that would
require information on only five of the DQI-I sub-com-
ponents (overall food group variety, variety for protein
source, fruits, vegetables and empty calorie intake) to
examine excess energy intake in children and thereby
those at increased food-related risk of obesity and chronic
disease. This tool must be tested in a larger sample to
ensure its external validity. The model may be useful in
settings similar to ours.

Strengtbs and limitations

We are aware of the limitations of a small data set with
respect to developing robust findings for a methodology to
identify children at risk of excess energy intake. Never-
theless, the methodology presented here can be applied to
a larger data set where energy intake is estimated for a
group by more precise means such as doubly labelled


https://doi.org/10.1017/S1368980019000296

Model for identification of children at risk

water or accelerometery coupled with resting metabolic
rate. We acknowledge that energy expenditure would
reduce the effect of high energy intake. However, it is
unlikely that most children consuming excessive energy
compensate for this by high active energy expenditure.

Our cohort’s age was narrow (9-10 years). We therefore
did not expect age to be a significant covariate, but we
nevertheless entered it as one of the initial covariates in
the LASSO regression. This narrow age band would also
correspond to a limited range regarding pubertal status for
which age was our proxy.

In the current study we used three 24 h recalls, repre-
senting two weekdays and one weekend day, rather than
a single recall or use of food frequencies, in order to
reduce recall bias®> and increase the likelihood of being
representative of usual intake. This increases the gen-
eralizability of usual eating patterns. We are aware of the
limitation of using 24 h recalls; however, this are the most
commonly used method of dietary data collection through
self-report®® and has been shown to be more accurate
when it is closer in time to the interview. As such, children
aged 8 years or older have been shown to adequately
report 24h dietary intakes””. Importantly, all dietary
intake methods have limitations with regard to measuring
exact nutrient intake but can be useful in ranking children
with respect to intake® and in describing dietary
patterns®®.

We used the DQI-I, which inherently controls for
energy intake, to compare the quality of diets in different
groups over all ranges of dietary intake in the absence of
energy expenditure data. The DQI-I has the advantage of
evaluating the relative intake of foods low in nutrient
density and specifically empty calories, which have
implications for the development of overweight and con-
comitant chronic diseases'™™®. Current findings on the
usefulness of dietary diversity as a measure of diet quality
are mixed®” particularly among children“**". We
therefore included dietary diversity as a measure of high
diet quality as was traditionally done and found children's
diets were in keeping with assessment of dietary intakes
conducted among adults in this same Barbadian
population‘*?.

We used household status as a proxy for SES in the
absence of parents’ information. We recognize that this is
one component of SES, but among children it is likely to
be very important given that parental financial status
would be a major determinant for children’s SES. There is
evidence® % that indicates that children from single-
parent or multigenerational homes are generally more
deprived than children from two-parent homes.

Our data represent a randomly selected subset of a
representative sample”'”. The good fit model suggests that
our model would be suitable for use in similar popula-
tions. Although the response rate for the original study was
56 %, among children who returned consent forms, 99 %
were positive. The most common reason for non-
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participation was that children forgot to take consent
forms to parents. It should also be borne in mind that all
schools that were approached participated.

We have shown high dietary adequacy and variety with
few differences in diet quality by sex, weight status or
household type, despite high energy intake and low
intakes of fruit and vegetables. Based mostly on
developed-country data, empty calories from sugary
drinks are a major focus of obesity interventions for chil-
dren. Our findings suggest that greater emphasis should
be placed upon excess energy intake resulting from large
portion size. This may also be an important target for
countries with appreciable numbers of Caribbean
migrants. Our practical model therefore provides a useful
tool for identification of children from easily captured
elements of the diet that predict a propensity to consume
greater amounts of energy than recommended. This is
important as it can be used as a screening tool for inter-
vention early in the life cycle when physical measures
such as overweight or elevated blood pressure would lack
sensitivity. These data also form a basis for further, more
in-depth studies in the arena.

Conclusions

Children’s diets were varied despite low intakes of fruits
and vegetables. Levels of obesity were high, and children
were at increased risk primarily due to large portion size
and high energy intake from sugar. Children at increased
risk could not be identified by weight status factors. A
practical model including five of the DQI-I components
(overall food group variety, variety for protein source,
fruits, vegetables and empty calorie intake) can be used to
identify children at risk of excess energy intake. This tool
should be tested in an external sample.
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