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ABSTRACT

Background and Objectives: Dietary diversity is a proxy measurement of overall dietary quality. The aim of this
study was to assess relationships between dietary diversity score and obesity phenotypes in women, Tehran, Iran.

Materials and Methods: In this cross-sectional study, 197 women aged > 25 years from Municipal District 7 of Tehran
were participated. Food intakes were calculated using semi-quantitative food frequency questionnaires. Dietary diversity
score was calculated using healthy food diversity score. Anthropometric parameters and physical activities were measured
based on the standard methods. Multivariate logistic regression was used to show possible associations between the dietary
diversity scores and the obesity phenotypes.

Results: The mean (+standard deviation) age of the participants was 37.0 y +7.41. The mean weight, body mass index,
waist circumference, waist-to-hip ratio and waist-to-height ratio were 78.3 kg #1.2, 27.1 kg/m? +34, 92,5 cm +14.4,
0.87 £23.4 and 0.57 +£6.97; respectively. The mean (xSD) of dietary diversity score was 0.27 £16.73. No relationships
were seen between the dietary diversity scores and general obesity, high waist-to-hip ratios and waist-to-height ratios.
However, risks of high waist circumferences decreased with increasing dietary diversity score [OR(CI): 0.26 (0.09-0.75);
p-trend = 0.04].

Conclusions: In conclusion, inverse relationships were seen between the abdominal obesity and the dietary diversity
scores in women in Tehran. Therefore, more various diets are recommended for the prevention of obesity in women.
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Introduction

Overweight and obesity are described as abnormal or
excessive fat accumulations that may affcet human health.
Levels of fat accumulation and their distributions in the
body or around the waist and trunk (abdominal, central or
apple-shaped) or visceral (pear-shaped) include important
effects on human health. (1). As the number of infectious
diseases decreases globally, non-communicable diseases
rapidly increase, most of which are associated with
nutrition and lifestyle (2). The increasing prevalence of
non-communicable diseases is usually due to obesity and
overweight. Obesity is one of the most important threats to
human health in 21st Century (3). Overweight and obesity
are major risk factors of cardiovascular diseases (CVD),
high blood pressure, type-2 diabetes, stroke, gallbladder
disease, osteoarthritis, sleep apnea, respiratory problems
and types of cancers (e.g. breast, prostate and colon
cancers). Obesity is prevalent in children and adults in
developing and developed countries (4-6). A meta-analysis

of studies between 2000 and 2018 demonstrated that the
prevalence of general and abdominal obesities increased in
Iran (7). In addition, prevalence of obesity in Iranian
women has increased from 16 to 20% only within three

years (1).
The origin of obesity includes genetic and
environmental/behavioral factors. Environmental/

behavioral factors play important roles in obesity following
imbalances between energy consumption and metabolism.
However, it is commonly suggested that obesity occurs
only due to overeating or lack of physical activities (8). In
addition to important effects of foods on obesity, various
combinations of foods and their interactions may be
associated with obesity. To study overall diets, dietary
diversity score (DDS) can be used. Higher DDS is
associated with higher intakes of micro and macronutrients
and nutritional adequacy in people. This index is linked to
chronic illnesses, metabolic syndromes and heart diseases
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(9). Diets that are high in dietary diversity play protective
roles against chronic diseases. Although higher DDS values
are associated with higher intakes of fibers, vitamin C and
calcium as the nutrients inversely linked to obesity (10),
consumption of more various diets is usually associated
with higher energy intakes. Dietary diversity is one of the
hallmarks of healthy diets, based on the dietary guidelines
of the United States Department of Agriculture (USDA)
and the Food Guide Pyramid (11,12). The DDS is a
multidimensional US Healthy Food Diversity (HFD) index
that, unlike previous indicators, can measure dietary
variety, quality and proportionality values based on 2010
Dietary Guidelines for Americans (DGA) (13). Studies
have suggested that as dietary diversity increases, the odds
of developing obesity also increase (14). In contrast, other
studies have found that increases in DDS are associated
with decreases in chance of obesity (15) while studies have
reported no associations (16). Therefore, there are
important questions about obesity and dietary diversity.
This cross-sectional study was carried out to investigate
relationships between the obesity phenotypes and DDS in
women in Tehran.

Materials and Methods

Study design and participants

This study was a cross-sectional study carried out in fall
and winter, 2018. The sample size was estimated using the
following formula:
C=05*In[(1+r)/(1-r)]=0.2132
Total sample size N = [(Z,+ Zg) / C]* + 3= 176

Where, o was 0.05, B was 0.2 and correlation between
DDS and obesity (r) was set at 0.2. Based on the formula,
the sample size was estimated as 176. After adding non-
response errors of 15%, an additional 26 individuals were
included. Thus, a total of 202 individuals were participated
in this study. Furthermore, a random sampling procedure
was adapted in this study. Participants included women
aged > 25 years, who referred to the House of Quran (holds
Quran programs for kids and adults) and Saraye Mahalleh
(institution under direct supervision of the municipality,
holding cultural, artistic, recreational, sports or religious
classes for the locals) in Municipal District 7 of Tehran.
Menopause and pregnant women, those with thyroid
disorders and women, who received stimulants or appetite
suppressants were excluded from the study. After
explaining the study process to the participants, consent
forms were signed by them. Then, demographic and
physical activity questionnaires were completed.

Dietary assessment

Usual food intakes by the participants were assessed
using valid, reliable, semi-quantitative 168-item food
frequency questionnaires (FFQ) (17). The questionnaires
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were completed by a nutritionist. Participants were asked to
report their intakes of each item in day, week, month and
year over the past year. The frequency expressed in desired
serving for each food item was converted to grams per day
(18). Each food or beverage was analyzed using food
composition table for the levels of energy and nutrients
received by the participants. For mixed foods (e.g. pizzas),
foods were calculated based on the sum of ingredients. Due
to the limitations of Iranian food component tables, the
USDA table was used (19).

Dietary diversity score

The DDS was developed based on dietary guidelines
using 26 food groups and subgroups. To assess quality and
diversity in this index, American dietary guidelines were
used to create health and weight for each food group. The
weighting of each group was based on the proportion of the
recommended quantity for each group in a 2000-kcal diet.
Weighting of each group is based on the proportion
recommended for each group in a 2000-kcal diet, which
sums up all groups as ). Range of the DDS was 0-1 (13).
Based on the data from FFQ, the cup of food for each
person was calculated. To calculate the food share index,
the total food intake was divided by the total proportion.
Then, health value (HV) of each food item was achieved
using multiplier of the health factor in food shares.
Furthermore, HV of each participant’s diet was calculated
from the total HV index of food groups. In the current
study, US healthy food diversity index (US HFD index)
based on FFQ data was calculated through the following
steps: Total food volume was obtained by sum of overall
food volume for each individual, then food shares was
defined based on the proportion by volume that each of the
twenty-six food groups that represent in each individual’s
diet; by the multiplying the food share by health factor for
each group the health value (HV) of foods were obtained;
in order to compute the HV of the diet, the health value of
foods for each individual was summed. Eventually, the
following equivalent was applied to scale the US HFD
index.

(1-Xfood shares ; %) xhealth value of the diet

Anthropometric measurements

Anthropometric data were collected by a nutritionist.
Weight was measured with a minimal coverage without
shoes, including an accuracy of 100 g using Xiaomi Scale
(Xiaomi, China). Height was measured using tape mounted
on the wall without shoes, including an accuracy of 0.5 cm.
Waist circumference (WC) was measured in the midpoint
between the lower edge of the palpable ribs and the upper
edge of the pelvis using resilient tape parallel to the
ground. Hip circumference was measured in the most
prominent part parallel to the surface. Body mass index
(BMI) was calculated by dividing weight in kilograms by
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height in square meters. The general obesity was reported
as BMI > 30 kg/m? (20). Abdominal obesity was reported
as three indicators of high WC (> 88 cm) (21), high waist
to hip ratio (WHR) (= 0.8 cm) and high waist to height
ratio (WHtR) (= 0.05) (22).

Covariates

Demographic data such as age, marital status, number of
children and number of family members, job, educational
level, ethnicity and smoking status were collected using
interviews. Participants’ physical activity was assessed
using IPAQ-short form questionnaires validated in Iran
(23).

Statistical analysis

Data analyzes were carried out using SPSS software
v.21 (SPSS, Chicago, IL, USA) (24) and the significance
level ~was considered as 0.05. Demographic,
anthropometric and dietary variables were compared in
DDS quartiles using Chi-Square and ANOVA tests.
Multivariate logistic regression was used to show
associations between the DDS and the obesity phenotypes.
Results were reported for crude model, Model 1 (adjusted
for age, calorie intake and percent of calories from fat) and
Model 3 (additionally adjusted for BMI) for abdominal
obesity indices.

Results

Out of 202 women, data of five women was not included
because of incomplete questionnaires. Hence, a total of 197
women completed the study. The mean (+SD) age of the
participants was 37.0 y *£7.41 and the mean weight was
78.3 kg £1.2. The mean (£SD) of DDS was 0.27 *16.7.
Table 1 shows demographic and anthropometric
characteristics of the participants based on the DDS
quartiles. Women in DDS quarters did not differ
significantly in these variables.

Energy-adjusted dietary intakes are compared between
the DDS quartiles groups in Table 2. Women with higher
DDS scores included significantly higher fiber, whole and
refined grain, vegetable and fruit, soy, legume,
discretionary solid fat, added sugar and saturated fatty acid
intakes (in the crude model not shown here, egg and
chicken intakes were also significant).

Odds ratios and 95% confidence intervals (95% CI) for
the association of DDS with general obesity and abdominal
obesity are shown in Table 3. No relationships were seen
between the DDS and the general obesity, high WHR and
WHtR. While the odds of high WC decreased with
increasing DDS [OR(CI): 0.26 (0.10-0.70); p-trend =
0.03]. After adjustment for covariates, this association was
still significant (p-trend = 0.04).

Tablel. Characteristics of the participants based on the quartiles of the dietary diversity scores

DDS
Q1 (<0.06) Q2 (0.06-0.27) Q3 (0.27-0.9) Q4 (=0.9) p*
n= n=51 n=52 n=49

Age 36.7+1.25 35.0+0.99 37.3+1.12 38.0+1.02 0.16
Current smoker 12(26) 14(27) 11(21) 11(24) 0.30
n (%)

High education level™ 10(24) 13(25) 13(26) 12(23) 0.56
n (%)

Physical activity (MET/min/week) 8954598 8994581 9274633 9374667 0.31
WC (cm) 93.5+16.5 93.1+10.4 90.5+13.0 93.8+12.9 0.62
BMI (Kg/m2) 28.8+2.26 25.8+3.5 26.7+3.9 28.215.6 0.15
WHR 0.87+0.13 0.85+0.06 0.90+61.2 0.87+0.11 0.37
WHtR 0.58+0.22 0.53+0.05 0.55+0.10 0.57+0.08 0.54

Abbreviations: Q: Quartiles of the Dietary diversity score; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; WHtR: waist-to-

height ratio.
*ANOVA test or Chi-square test.
**Diploma and higher

Quantitative variables are expressed as mean +SD; Qualitative variables are expressed as a percentage.
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Table 2. Energy-adjusted dietary intakes (mean £SD) of the participants based on the quartiles of dietary diversity score

DDS

Q1(<0.06) n=45 Q2 (0.06-0.27) n=51 Q3 (0.27-0.9) n=52 Q4 (>0.9) n=49 P*
Carbohydrate (%of energy) 63.9+1.38 65.6+1.22 67.1+1.22 64.3+1.38 0.26
Protein intake (%of energy) 12.8+0.41 12.3+0.37 12.7+0.36 13.2+0.41 0.43
Total fat (%of energy) 27.9+1.13 25.6+1.00 27.5+1.00 25.1+1.13 0.27
Total fiber intake (g/1000Kcal)  10.2+3.11 10.5+4.09 12.8+1.34 15.7+4.51 0.00
Saturated fat (%of energy) 8.33+4.21 7.87+2.33 7.54+2.51 7.98+2.06 0.04
MUFA (%of energy) 8.12+0.43 7.91+0.38 8.16+0.38 7.93+0.43 0.96
PUFA (%of energy) 4.57+0.47 4.32+0.42 4.67+0.42 4.65+0.47 0.94
Whole grains (gr) 52.8+0.52 80.0+0.46 112+0.46 120+0.52 0.00
Low-fat milk (cup) 0.17+0.00 0.09+0.00 0.05+0.00 0.19+0.00 0.33
Dark green vegetables (cup) 0.11+0.21 0.20+0.19 0.17+0.25 0.27+0.22 0.51
Red and orange vegetables (cup)  0.44+0.32 0.50+0.21 0.83+1.15 0.61+0.63 0.35
Legumes (cup) 0.66+0.23 0.54+0.21 0.75+1.52 0.91+0.47 0.04
Starchy vegetables(cup) 9.3+10.0 11.6+12.9 10.4+32.6 14.4+10.3 0.16
Other vegetables(cup) 0.64+0.42 0.51+1.21 0.47+0.46 0.29+0.33 0.01
Fruits(cup) 0.95+1.50 1.09+1.00 1.74+1.43 1.88+2.41 0.05
Nuts, seeds and soya (gr) 9.01+20.6 9.38+£27.5 10.4+19.7 12.7£21.31 0.03
Seafood (gr) 14.8+0.11 7.36+21.1 10.9+13.1 8.11+52.5 0.72
Oils (gr) 7.21+0.27 5.06+0.50 5.64+6.35 1.42+8.06 0.30
Meat (gr) 17.0+0.11 9.04+0.31 19.3+0.64 21.3+0.42 0.14
Poultry (gr) 13.0+0.41 8.68+0.13 8.0+0.81 17.9+0.59 0.11
Eggs (ar) 1.47+3.24 6.10+4.61 2.16+20.1 7.51+11.03 0.28
Refined grains (gr) 23.5+0.11 33.0+0.20 49.7+0.36 52.7+0.86 0.00
Discretionary solid fats (gr) 25.2+0.13 13.6+0.09 21.8+0.56 27.64+0.46 0.01
Added sugar (gr) 9.11+14.8 10.4+16.4 13.3+11.4 16.7+£17.7 0.01
Q: Quartiles of the Dietary diversity score.
*ANCOVA test

#: adjust for total calorie intake

Table 3. Odds ratios (95% confidence interval) of obesity and abdominal obesity based on dietary diversity scores

Q1(<0.06) Q2 (0.06-0.27) Q3(0.27-0.9) Q4 (>0.9) P-trend
n=45 n=51 n=52 n=49
Obesity( BMI>30 kg/m2)
Model 1 0.64(0.26-1.59) 0.59(0.25-1.41) 0.51(0.22-1.29) 0.49
Model 2 1 0.73(0.27-1.97) 0.79(0.29-1.79) 0.57(0.23-1.47) 0.68
High WHR (WHR>0.8)
Model 1 1 0.79(0.46-6.22) 0.77(0.28-2.09) 0.87(0.24-2.00) 0.50
Model 2 1 0.84(0.44-7.56) 0.82(0.25-2.64) 0.88(0.22-2.11) 0.52
Model 3 1 0.95(0.46-6.74) 0.85(0.26-2.74) 0.67(0.22-2.90) 0.46
High WC ( WC> 0.88)
Model 1 1 0.30(0.11-0.82) 0.30(0.11-0.81) 0.26(0.10-0.70) 0.03
Model 2 1 0.28(0.09-0.86) 0.34(0.11-0.99) 0.26(0.09-0.77) 0.05
Model 3 1 0.26(0.08-0.81) 0.32(0.11-0.95) 0.26(0.09-0.75) 0.04
High WHtR ( WHtR>0.5)
Model 1 1 0.71(0.17-2.83) 0.28(0.08-0.96) 0.48(0.13-1.74) 0.16
Model 2 1 0.83(0.19-3.74) 0.35(0.09-1.26) 0.57(0.15-1.56) 0.31
Model 3 1 0.80(0.18-3.58) 0.34(0.09-1.12) 0.56(0.15-2.19) 0.29

Model 1: Crude model
Model 2: Adjusted for age, total calorie intake and calorie intake from fat
Additional adjustment for BMI Model 3:

Abbreviations: Q: Quartiles of the Dietary diversity index; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; WHtR: waist-to-

height ratio.

Discussion

The present study was carried out on women over 25
years-old in Tehran, Iran. No associations were found
between DDS and general obesity. However, inverse
relationships were found between the scores of dietary
diversity and WC. Based on the previous studies, DDS is a
good indicator of assessing nutrients adequacy and dietary
quality as well as relationships between diets and diseases
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(25-27). Dietary diversity is an overview of an individual’s
diet and an indicator for evaluating the overall diet (28, 29).
In this study, no associations were seen between the DDS
and general obesity in this study. Similar studies have
reported inverse (30), direct (31) or no associations (32)
between DDS and BMI. In this study, inverse associations
were reported between the abdominal obesity (high WC)
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and high DDS, similar to those of previous studies (30).
However, no associations were seen between DDS, general
obesity and WHR (32). Jiavarina et al. found that Sri
Lankan adults in higher quartiles of DDS consumed higher
quantities of foods, which might lead to higher energy
intakes and hence obesity (10). Azadbakht et al. showed
that adults in Tehran with higher DDS received more
calories and were obese (33, 34). Karim Beigi et al. found
that adults, who had more various diets, received more
calories from breads, cereals, fruits and vegetables and
were overweight (35). Since the present study did not show
links between the general obesity and DDS, it is concluded
that increasing DDS is not always associated with weight
gain. This is because increasing consumption of healthy
foods such as vegetables, whole grains and fruits increases
this index. In fact, a wide variety of vegetables and fruits
are available in Iran, but varieties of meat products and
refined grains are limited. Previous studies on the dietary
diversity in Iran have shown that fruit and vegetable group
includes the highest score of food diversity (36, 37).
Therefore, increases in DDS in Iranian people is majorly
due to the consumption of fruits and vegetables. In this
study, women with higher DDS consumed more fruits,
vegetables, and whole grains, which might be associated
with a lower abdominal obesity. Previous studies in the
country have shown that higher consumptions of fruits,
vegetables (38) and whole grains (39) are well associated
with metabolic syndrome (of which abdominal obesity is a
component).

Although DDS is based on food guide pyramid, which
includes no controls over the energy intakes, people at the
highest levels of DDS were at lower risks of increased WC.
This might be due to their special choices to increase their
food diversity scores. Thus, dietary diversity increased with
the selection of more various foods from the fruit and
vegetable group. Similar to these results, Azadbakht et al.
showed direct relationships between the increased energy
intakes and DDS; however, this increase was due to higher
consumptions of fruits, vegetables and whole grains,
followed by increased intakes of fibers, calcium and
vitamin C, all were inversely linked to obesity (40, 41).
One of the strengths of this study is the consideration of
potential confounding factors. Cross-sectional design of the
present study is one of the limitations. Therefore, the
researchers are not be able to interpret results of this study
in the form of causal relationships. Thus, prospective
studies are needed to verify these relationships. Although it
has been tried to control for known confounders, effects of
unknown variables cannot be ignored. Findings of the
present study have shown inverse relationships between the
abdominal obesity (high WC) and DDS. Therefore, it is
necessary to further study dietary diversity of the people,
especially the variety of fruits and vegetables in diets as
significant components.
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