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ABSTRACT

Background: Increasing prevalence of obesity is a major
health concern. Lifestyle behaviors and diet play an important
role in developing childhood obesity. The aim of this study was
to determine the association between major dietary patterns and
overweight/obesity in a group of Iranian school-aged children.

Methods: This cross-sectional study was conducted in Isfahan,
Iran with 637 elementary school-aged children. A semi-quantitative
food-frequency questionnaire was used to assess usual dietary intakes.
Data on socio-demographic, physical activity and other lifestyle habits
were collected using standard questionnaires. Obesity was determined
based on national cut-offs. Factor analysis was used for identifying

major dietary patterns.

Results: Three major dietary patterns were extracted; “Healthy,”
“Western,” and “Sweet-Dairy.”” After adjusting for confounders, gitls in the
second quartile of healthy pattern, were more likely to be overweight (odds
ratio [OR] =2.23, Confidence intervals [CI] =1.003, 4.96) compared to
those in the highest quartile. Likelihood of being overweight was lower
for girls in the second quartile of western dietary pattern versus the fourth
quartile (OR = 0.46, CI = 0.21, 1.01). Accordingly, lower adherence to
sweet and dairy pattern was associated with lower body mass index (BMI)
among gitls (OR = 0.42, CI = 0.21, 0.85). There was no significant
relationship between western and sweet-dairy pattern with BMI among
boys, however, significant association was observed between lowest and
highest quartiles of healthy pattern (OR = 0.36, CI = 0.15, 0.84).

Conclusions: We found significant associations between the three
dietary patterns and obesity among girls. Only healthy pattern was related
to weight status of schoolboys. Longitudinal studies will be needed to

confirm these associations.

Keywords: Children, dietary patterns, factor analysis, obesity,
overweight

INTRODUCTION
Obesity is currently the most common dietary problem, not

only in the United States, but also one of the greatest public health
issues in developing societies such as Iran.!"? The prevalence and
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severity of overweight is increasing among children
and adolescents.>¥ Approximately, 20% of
Australian children are overweight,? this figure is
about 15% among U.K children and adolescents. (¢!
InIran, 17.7% of children are overweight or obese!”!
and according to national reports, an increasing
trend was observed in the prevalence of overweight
and obesity during 2007-2009 among Iranian
childen.®

In the last two decades, the overweight and
obesity prevalence has become 2-4 folds in
developing countries.’! Recent studies have
linked the persistence of childhood overweight
and obesity into adulthood.™ Physical and
psychological problems are related to childhood
obesity, including increased risk of cardiovascular
disease, diabetes, hyperlipidemia, hypertension,
and metabolic syndrome®!? as well as poor body
image, self-esteem and overall well-being.!'’
Childhood obesity is a multi-factorial condition
results from an interaction between genetics and
environment. While a plenty of factors seem to
contribute to overweight and other obesity-related
chronic diseases, poor dietary intake is defined as a
major contributor.’>!4

Nutrition transition namely the adoption of
a western diet (high amounts of meats, refined
grains, snacks and fast food products) may help
explain the increase in adiposity among children
and adolescents. This phenomenon has started
during the past three decades in Iran and its health
consequences have emerged since 1990s.1'5) Over
the past 20 years, dramatic changes have occurred
in the meal patterns of children, these may correlate
with weight status.[16-18l

Using dietary pattern approach, which
considers a more comprehensive overview of the
diet could provide more interpretable findings
than studying single nutrients or foods since foods
are not consumed separately.'”! Several studies
have explored the food patterns throughout the
world mainly conducted on adults;?*2!! however,
few have focused specifically on Iranian children
dietary patterns??3l and most of the physiologic
outcomes are not studied among children as well
as adults.

Few studies?®% have found the relationship
between sweets, unhealthy snacks, vegetables,
low-quality dietary patterns and weight among
children but due to some culture and ethnic
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differences, we cannot generalize them completely
to Iranian population. Therefore, the aim of this
study was to identify major dietary patterns in
relation to overweight and obesity among Iranian
school-aged children.

METHODS

This cross-sectional study was conducted among
637 (50.8% girls) Isfahani elementary school-aged
children (7-11 years), selected by a multi-stage
cluster random sampling method. Participants
with any history of chronic conditions such as
cardiovascular disease, diabetes, liver or kidney
disease (= 10) and diets which affect usual intakes
were discarded from the study. Written informed
consent was obtained from parents. The study
protocol was approved by the research council of
Isfahan University of Medical Sciences. (Grant
number and ethical committee number, 190122).

A 160-item semi-quantitative Food Frequency
Questionnaire (FFQ) was used to assess children’s
usual dietary intake. The FFQ contained a list
of foods with standard serving size commonly
consumed in Iran. Parents, mostly mothers, were
asked to report the child frequency consumption
of each item during the previous year according to
the regular consumption such as daily (e.g., bread),
weekly (e.g., rice, cheese) or monthly (e.g., fish).
All dietary reports were converted to daily
consumption (g/day) using household measures
for different portion sizes.’!! Food items were
then categorized into 41 groups for use in dietary
pattern analysis, according to the similarity in their
nutrient profile®? [Table 1]. The nutrient content
of each food item was calculated based on the
protocol using Nutritionist IV, which was modified
for Iranian foods.

Reliability and relative validity of the FFQ
were examined in a randomly chosen subgroup of
91 children. Thereliability of the FFQ was evaluated
by comparing dietary nutrient composition on
two occasions. The FFQ showed high reliability
for nutrients, for example, the energy-adjusted
correlation coefficients were 0.87 for dietary
calcium, 0.70 for potassium, 0.85 for iron, 0.47 for
vitamin B, and 0.80 for vitamin C. Relative validity
was determined by comparing the estimated
intakes from the average of three non-consecutive
dietary records (including two weekdays and one
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Table 1: Food groups used in the factor analyses

Food groups Food items

Fruit Pears, apricots, apples, raisins or grapes, bananas, cantaloupe, watermelon,
oranges, grapefruit, kiwi, strawberries, peaches, nectarine, tangerine, mulberry,
plums, persimmons, pomegranates, lemons, pineapples, fresh figs, dates

Fruit juices Apple juice, orange juice, grapefruit juice, other fruit juices

Cruciferous vegetables
Yellow vegetables
Tomatoes

Green leafy vegetables
Other vegetables

Legumes

Garlic

Potatoes

Fish

Poultry
Processed meats
Red meats
Organ meat
Eggs

Olive

Butter
Margarine
Whole grains
Nuts

Dried fruit
Low-fat dairy products
High-fat dairy
products
Refined grains

French fries
Snacks

Pizza
Mayonnaise

Soft drinks
Sweets and desserts
Condiments
Sugars
Hydrogenated fats
Vegetable oils
Broth

Yogurt drink

Tea

Coffee

Pickles

Salt

Cabbage, cauliflower, brussels sprouts, kale

Carrots (row, cooked)

Tomatoes, tomato sauce, tomato pasta

Spinach, lettuce

Cucumber, mixed vegetables, eggplant, celery, green peas, green
beans, green pepper, turnip, corn, squash, mushrooms, onions
Beans, peas, lima beans, broad beans, lentils, soy

Garlic

Potatoes

Canned tuna fish, other fish

Chicken

Sausages

Beef, hamburger, lamb

Beef liver, heart, kidney

Eggs

Olives, olive oils

Butter

Margarine

Dark breads (Iranian), popcorn, bulgur

Peanuts, almonds, pistachios, hazelnuts, roasted seeds, walnuts
Dried figs, dried dates, dried mulberries, other dried fruits
Skim or low-fat milk, low fat yogurt

High-fat milk, chocolate milk, cream, high-fat yogurt, cream
yogurt, cream cheese, other cheese, ice cream

White breads (Lavash, baguettes), noodles, pasta, rice, toasted
bread, sweet bread, white flour, starch, biscuits

French fries

Potato chips, corn puffs, crackers, popcorn

Pizza

Mayonnaise

Soft drinks

Chocolates, cookies, cakes, confections

Jam, jelly, honey

Sugars, candies, Gaz (an Iranian confectionery made of sugar, nuts and tamarisk)
Hydrogenated fats, animal fats

Vegetable oils (except for olive oil)

Broth

Dough

Tea

Coffee

Pickles

Salt

for weekend) and potassium urine as a biomarker. derived from these two methods; 0.39 for dietary
We found a moderate correlation between nutrients calcium, 0.38 for potassium, 0.39 for vitamin C,
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0.46 for dietary fiber. The correlation coefficient
for dietary and urinary potassium was 0.23.

Socio-demographic characteristics of
participants were determined via a questionnaire,
including items for parent’s education, job, monthly
family income, rent pay and number of children.
Content validity® of the questionnaire was
approved by thirty reviewers before applying in the
present study. Assessment of children’s physical
activity level was based on Physical Activity
Questionnaire-Children (PAQ-C). Reliability and
content validity of PAQ was evaluated among
82 Isfahani children and adolescents showing
acceptable correlation coefficients® (Cronbach’s
alpha = 0.894).

Anthropometric indicies were measured
according to standard protocols. Student’s weight
was measured to the nearest 0.1 kg using a
digital scale. Height measurement was recorded
to the nearest 0.1 c¢cm, without any shoes in a
standing position using a portable stadiometer.
Body mass index (BMI) was then calculated by
the equation (weigh/height?, kg/m?). Definition
of overweight/obesity was based on the
national cut points derived from the Childhood
Adolescence Surveillance and Preventlon of Adult
Non-communicable disease (CASPIAN) study.?

Factor analysis with varimax rotation was
applied to identify major dietary patterns. Three
factors were retained according to the total variance
explained, scree plot and the interpretability of the
components.®! Food items with eigenvalues more
than 1.7 were considered as main components
for each pattern. All individuals received a factor
score for each pattern calculated by summing
the intakes of food groups weighted by their
factor loadings.’® Students were categorized
according to quartiles of dietary pattern scores.
One-way analysis of variance and Chi-square tests
were used to determine significant differences
across quartiles for quantitative and categorical
variables, respectively. Food items consumed
by <5% of participants were excluded (soy milk
for all students). Energy-adjusted dietary variables
were used after the definition of major dietary
patterns. Associations between dietary patterns
and BMI were examined through ordinal logistic
regression for boys and girls, separately. The crude
odds ratio (ORs) were adjusted for total energy
intake. Additional adjustments made for potential
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confounders, including age, socio-economic
status (low, moderate, and high), physical
activity level (low, moderate, and high), mother’s
educational background and job, sleep duration,
time spent watching television (TV), child’s birth
rank and dietary nutrients. Reference category was
defined as the fourth quartile of dietary pattern
score. All analysis conducted with Statistical
Package for Social Science SPSS 18 (SPSS Inc,
Chicago, IL, USA). P< 0.05 was considered as the
level of significance.

RESULTS

We identified three major dietary patterns for
the study population. These factors accounted for
21.7% of the variance in food group intakes. The
Kaiser-Mayer-Olkin (KMO) (measure of sampling
adequacy) was more than 0.6, showing a good
factor analysis®® (KMO = 0.736, P< 0.001).

Healthy dietary pattern characterized mostly
by fruits, different kinds of vegetables, low-fat
dairy products, fish and poultry, legumes and nuts.
Western pattern was highly loaded for processed
meat, pizza, snacks, soft drinks, mayonnaise,
refined grains and the third pattern labeled as sweet
and dairy with high amounts of dairy products,
sugars, sweets and desserts. Factor loadings related
to each dietary pattern are presented in Table 2. The
mean age of students was 9.9 + 1 year (girls) and
10.04 £ 0.9 year (boys). Main characteristics of the
children according to quartiles of dietary pattern
scores are shown in Tables 3 and 4 for girls and
boys, separately. Using Pearson’s Chi-square test,
mother’s educational background was significantly
associated with adherence to the healthy dietary
pattern among boys and girls (P < 0.05). Increased
length of sleep was related to adoption a healthy
pattern for boys (P = 0.012). Greater period of
time spent in front of a screen was associated to
less healthy pattern among boys (P = 0.006) and
girls (P=0.035). Lower socio-economic scores were
correlated with lower adherence to healthy pattern
among children (P = 0.003 for boys, P = 0.091 for
girls, marginally significant). Boys who were short
sleepers (less than 8 h/24 h) were more likely to
adopt sweet-dairy pattern (P = 0.075).

The results of ordinal logistic regression revealed
that compared to girls in the highest quartile
of healthy pattern, those in the second quartile
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Table 2: Factor-loading matrix with varimax rotation for
major dietary patterns

Foods or food groups  Healthy Western Sweet

pattern  pattern and dairy
pattern

Fruits 0.57
Fruit juices 0.35 0.23
Cruciferous vegetables 0.57
Dark-yellow 0.58
vegetables
Tomatoes 0.43 0.21
Green, leafy vegetables 0.65
Other vegetables 0.66
Legumes 0.41
Garlic 0.37
Potatoes 0.27
Fish 0.40
Poultry 0.24
Olives 0.44
Whole grains 0.22
Nuts 0.34
Dried fruits 0.43 0.23
Low-fat dairy 0.20 0.44
High-fat dairy 0.31
Refined grains 0.43 0.31
French fries 0.26
Snacks 0.58 0.22
Pizza 0.54
Mayonnaise and other 0.38
creamy salad dressings
Soft drinks 0.45
Processed meats 0.59
Red meat 0.21 0.29
Organ meat 0.24
Eggs 0.33
Butter 0.43
Margarine 0.20
Sweets and desserts 0.62 0.21
Condiments 0.51
Sugars 0.28 0.60
Pickles 0.42 0.30
Hydrogenated fats 0.20
Broth
Vegetable oils 0.38
Yogurt drink 0.26 0.21
Coffee 0.20
Tea 0.38
Salt 0.21

I ) Y
Values <0.20 are not presented in the table for simplicity

were more likely to have higher BMI (OR = 2.23,
Confidence intervals [CI] =1.003, 4.96). Girls in
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the second quartile of western dietary pattern had
significantly lower BMI than those in the forth
quartile (OR =0.46, CI=0.21, 1.01).

Accordingly, lower adherence to sweet and dairy
pattern was associated with lower BMI among
girls (OR = 0.42, CI = 0.21, 0.85). There was no
significant relationship between western and
sweet-dairy pattern with BMI amongboys, however,
significant association was observed between first
and fourth quartile of healthy pattern (OR = 0.36,
CI =0.15, 0.84), but the trend was not statistically
significant (P for trend = 0.561) [Table 5].

DISCUSSION

With principal component analysis, three major
dietary patterns were identified for the study
participants. Among girls we found significant
relationships between adherence to healthy
pattern and BMI. Overweight girls were more
likely to have a western or sweet-dairy pattern. No
significant association was found regarding western
and sweet-dairy patterns and weight status for
schoolboys. Children adhering to a healthy pattern
were more likely to have higher-educated mothers.

Studying characteristics of overall diet results in
the examination of the combined nutrients effects
on health and better prediction of diet-disease
relationships.®” To our knowledge, this is the
first study to examine the associations of major
dietary patterns with weight status in a large group
of school-children. The previous dietary pattern
studies in Iran mainly have conducted on adults!2%-2!!
and limited information is available about dietary
patterns of children, considering overweight/
obesity and lifestyle factors, however, there are few
publications of Iranian adolescents group.?*38!

Comparing dietary patterns between studies is
somewhat difficult due to differences in dietary
assessment and rotation methods, food groups
used in the factor analyses, the number of patterns
should be retained for analyses and the statistical
techniques.

Despite inconsistencies between the results
derived from different studies, there are some
similarities regarding dietary patterns identified
among children. Moreira et al.,*s! explained 8
dietary factors with similar components to the
present study, such as dietary pattern 1 contained
plant foods, highly loaded for fruits, vegetables,
legumes and olive oils, dietary pattern 4 included
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Table 5: Estimating results with body mass index as dependent variable and dietary pattern quartiles as independent variable
using ordinal regression

Quartiles of dietary patterns Healthy pattern score Western pattern score Sweet and dairy pattern score

Adjusted' OR P Adjusted' OR P Adjusted' OR P
(95% CI) (95% CI) (95% CI)

Girls
1*t quartile of dietary pattern ~ 1.36 (0.54, 3.38) 0.5 0.62 (0.27, 1.40) 0.2 1.30 (0.65, 2.58) 0.4
2% quartile of dietary pattern ~ 2.23 (1.003,4.96)  0.049  0.46 (0.21, 1.01)  0.056 0.42 (0.21, 0.85) 0.017
3 quartile of dietary pattern ~ 1.01 (0.50, 2.02) 0.9 0.68 (0.34, 1.34) 0.2 0.61 (0.32, 1.16) 0.1
4" quartile of dietary pattern 1 1 1

Boys
¥ quartile of dietary pattern 0.36 (0.15,0.84)  0.018  0.65(0.27, 1.58) 0.3 1.91 (0.87,4.16) 0.1
2™ quartile of dietary pattern ~ 0.49 (0.23, 1.06)  0.070  1.06 (0.51, 2.23) 0.8 1.64 (0.83, 3.23) 0.1
3 quartile of dietary pattern ~ 0.91 (0.45, 1.82) 0.7 0.95(0.48,1.87) 0.8 1.73 (0.90, 3.32) 0.09

4t quartile of dietary pattern 1 1 1
I e Y e S

OR=0dds ratio, CI=Confidence intervals, 4=Reference category. ! Adjusted for age, physical activity, socio-economic status,
total energy intake, Fe, Zn, calcium and dietary fiber, mother’s educational background and job, birth rank, sleep duration

and time spent watching TV

fast foods, sugar-sweetened beverages and pastry,
dietary pattern 6 with higher factor loadings for
dairy products (yogurt, milk, and ice-cream),
dietary pattern 7 included higher amounts of
crackers, cookies and pastry. Shin ez al.,* reported
3 major dietary patterns labeled a Korean healthy
pattern, an animal foods pattern and a sweet
pattern. McNaughton™” identified 3 major dietary
patterns, two of them similar to the present
study; high fat and sugar pattern and vegetable
pattern. Similar patterns have also described by
Northstonne, named as snacking pattern*!! and
Nobre et al., labled as “mixed diet,” “snack” and
“unhealthy” patterns.*? Food items loaded in
these patterns were mostly similar to our study.

Inthe present study, we found that girls in the second
quartile of healthy pattern tend to be overweight
compared to their counterparts in the highest quartile.
It is may be due to the nutrient content of healthy diets
such as fiber, showing the protective effect against
obesity.*) Among schoolchildren with high-educated
mothers, healthy pattern scores were higher. These
are in line with previous studies emphasizing the
important role of education in consuming foods with
plant origin mostly defined as healthy and avoiding
poor nutrient and high-density foods. In addition,
this could be due to the more direct interactions of
child-mothers than do fathers. 274244

Following a Western or sweet-dairy eating
pattern in the second quartile, girls had a
significantly lower likelihood of being overweight

International Journal of Preventive Medicine, Vol 4, No 4, April, 2013

compared to the fourth quartile, however, these
associations were not seen among schoolboys.
These discrepancies might be due to gender
differences in diet, misreporting of energy intakes,
particularly in the overweight and obese children, !
food items eaten during the day, residual errors
even after adjustment for covariates, or other
unknown confounders. Any under-reporting of
unhealthy food items would be able to attenuate
the association between unhealthy eating pattern
and overweight. We also found that boys with
lesser adherence to a healthy pattern, were less
likely to be overweight, similar to this has shown in
two previous studies.?’4! Another research showed
children adhering to a junk/convenient eating
pattern, had a significantly lower likelihood of
being overweight.?’ This may partly be explained
by over-reporting of healthy dietary habits such
as fruits and vegetable consumption among
overweight children or adoption of healthier
behavior to control their weight.

As mentioned earlier, the sweet-dairy
components were eggs, butter, honey, jam,
snacks (e.g., chips, crackers, corn puffs) along with
others, which had lower loading factors indicating
less consumption, such as dried fruits, tomatoes
and fruit juices. This shows that substituting of
the latter could be possible because these items are
eaten together on a regular basis as a food pattern.
Improvement of parents and child’s attitude and
knowledge will provide better nutrition.*”!
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There are some resemblance between our results
and those reported from Korean children showing
no associations for healthy and sweet patterns
with overweight.??) Several previous reports are
in accordance with our findings; four longitudinal
studies reported no significant association between
milk pattern and BML.! On the contrary, positive
association was found between overweight/obesity
and food patterns that included high amounts of
milk among Portuguese children.?! Therefore,
evidence is inconclusive regarding dietary patterns
and weight status of children.’)

The nutrition transition besides rapid
socio-economicchangesinlranmakesthe opportunity
to adopt a more westernized food patterns especially
for children and adolescents who their preferences
mostly are based on taste, palatability and the
availability of fast foods.'”! Alongside, sedentary
lifestyle habits related to adhering western dietary
pattern were found among children. Time spent
on sedentary activities such as watching TV, for
more than the recommendations of the American
Academy of Pediatrics®® (up to 2 h/day) was related
to higher scores of western dietary pattern. Previous
studies are consistently in line with these relations.
SalmonP! and Story®? concluded that increased
TV viewing was associated with unhealthy eating
pattern, including higher consumption of pizza,
sodas and snack foods, supporting some other
reports. [24,26,27,53]

Longer sleep duration was significantly
associated with higher consumption of food from
healthy pattern and inversely related to sweet-dairy
pattern among boys, consistent with the results of
Portuguese schoolchildren?® and children from
Finland.’* These findings are of particular interest
since sleep deprivation, prevalence of overweight/
obesity and increased appetite were correlated in
children and adults. 26

It is important to highlight this is the first report
exploring the associations between dietary patterns,
socio-demographic characteristics, physical activity,
sleeping and weight status, adjusting for confounders.
However, the interpretation of these results needs
to consider the following limitations. First, data
driven by factor analysis depends on subjective or
arbitrary decisions, for example, when grouping the
food items or labeling of the factors.* Second, this
method is data-specific; therefore, generalization
of our findings to children living in rural districts,

456

Iranian children, as a whole, or other populations
is limited because of differences in dietary and
lifestyle habits.

Third, nutritional intakes of children estimated
via a semi-quantitative FFQ might not represent
their true intakes and may depend on recall bias and
social desirability,®”! however, it is an appropriate
instrument for ranking dietary intakes. Furthermore,
misclassification of the children’s dietary intake,
resulted from administration of the FFQ to the
student’s mothers, might happened especially of
foods eaten away from home. Thus according to
Drewnouski,® these dietary data may consider
as the mother’s dietary image rather than the
absolute diet of the child. However, cognitive skills
required to estimate and recall usual intakes, are a
great challenge for elementary school children.b%
Furthermore, the etiology of overweight/obesity is
complex, thus some unknown confounders might
play a role in the study results. Conclusions about
causal relations are not possible because the study
was cross-sectional in nature. Prospective studies
are warranted to confirm these associations.

CONCLUSION

The dietary patterns derived from the current
study based on a considerable number of children
could provide practical information for health
authorities designing nutritional interventions and
overweight/obesity preventive strategies targeting
children.
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