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A B S T R A C T 
Background and Objectives: This study was undertaken to determine the relationship between food security and 
individual dietary diversity score (IDDS). 

Materials and Methods: This population-based cross-sectional study was conducted on 200 non-diabetic individuals 
aged ≥40 years, selected randomly from the Tehran Lipid and Glucose Study. Household food security was measured 
using a validated United States Department of Agriculture (USDA) 18-item questionnaire and IDDS using a valid and 
reliable 147-item food frequency questionnaire based on five food groups of the Food Guide Pyramid. 

Results: Overall, 48.5% of the study subjects had high, 36.0% had borderline, and 15.5% had low food security. 
Significant inverse correlations were observed between the scores for food security, diversity of fruits and vegetables, and 
total IDDS. Food secure group had significantly higher total IDDS (4.74 ± 1.40 vs. 5.15 ± 1.28, P = 0.033) and score for 
diversity of fruits (1.48 ± 1.40 vs. 1.68 ± 1.28, P = 0.030) as compared to the food insecure group. After adjusting for 
covariates, higher food security score was associated with lower total IDDS (regression coefficient for a 1-unit difference 
in diversity score = -0.130, P = 0.040), and score for diversity of fruits (regression coefficient for a 1-unit difference in 
diversity score = -0.182, P = 0.010). 

Conclusions: The results showed an inverse relationship between food security score and dietary diversity score. Intake of 
different fruits is associated with higher food security. 

Keywords: Dietary diversity; Food security; Food insecurity 
 

Introduction 
Based on the internationally agreed definition, 

food security is described as “Everyone’s access to 
enough food for an active and healthy life in all the 
times, which is required for a population to be healthy 
and well-nourished” (1, 2). Studies in Iran show that 
20% of households have been considered food 
insecure. 

It has further been reported that food insecurity is 
associated with dietary behaviors, including specific 
food choices and preparation methods such as 

methods lead to increase or decrease of high calorie 
and high fat diets (3-6). Since food insecurity leads 
people to consume low healthy diets (7), inexpensive 
foods with high energy density and low 
micronutrients content (4-6), low intake of fruits, 
vegetables (5, 6, 8-10), and dairy products (8), the 
association of food insecurity and non-communicable 
diseases can be explained partly by the impact of food 
insecurity on dietary pattern. Individuals affected by 
food insecurity are exposed to higher risks of obesity 
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and overweight (11, 12), high blood pressure (13), 
and smoking (14).  

Recently, investigators focus on the overall diet 
quality to overcome the interaction between foods and 
nutrients. Individual dietary diversity score (IDDS), 
an indicator of overall diet, is associated with some 
nutrient adequacy ratios, higher intakes of fruits and 
vegetables (15-17). There is an inverse association 
between IDDS and some risk factors for non-
communicable diseases (18, 19).  

Two recent studies in Iran have assessed the 
validity of food insecurity measures (5, 20). The 
measurement of food security as a rising global 
concern can help focus the attention of national and 
local policymakers to improved health policies. 
Dietary diversity and food expenditures are used by 
researchers for measuring the different aspect of food 
security (21, 22), because a more diversified diet is 
associated with a number of improved outcomes such 
as decrement of mortality, and is correlated with 
caloric and nutrient adequacy (23-27).  

Since little is known about the association of food 
insecurity and IDDS as an overall diet quality index 
in Iran, this study was designed to determine the 
relationship between food security and IDDS in a 
population of the Tehran Lipid and Glucose Study 
(TLGS). 

Materials and Methods 
Subjects: This cross-sectional study was conducted 
within the framework of the TLGS, a prospective 
study aimed at identifying the risk factors for non-
communicable diseases among a representative urban 
population of Tehran. The first phase of the TLGS 
began in March 1999, and data collection is ongoing 
at three-year intervals (28, 29). 

For the current study, the subjects aged 40+ years 
were selected randomly from the fourth phase of the 
TLGS (2009–2012). Demographic information 
including age, sex, occupation, marital status, 
anthropometric measures, and food intake of each 
individual were obtained. The subjects were excluded 
if they had diagnosis of chronic diseases such as 
cardiovascular or kidney diseases, diabetes and 
malignancy, if they were on weight-reducing diets 
during the last 12 months, or if they had under- or 
over-reported dietary intakes (< 800 kcal/d or > 4200 
kcal/d, respectively). Finally, 200 non-diabetic 

persons (including 86 males and 114 females) 
remained for statistical analysis. 

The Ethics Committee of the Research Institute for 
Endocrine Sciences (Tehran, Iran) approved this 
study. Informed written consent was obtained from all 
subjects. 
Dietary assessment: The usual dietary intake was 
assessed using a valid and reliable 147-item semi-
quantitative food frequency questionnaire (FFQ) (30-
32). Trained dietitians, with at least 5 years of 
experience in the TLGS survey, asked the participants 
to report their intake frequency for each food item 
consumed during the past year in terms of day, week, 
month and year. The reported frequency according to 
the desired serving size of each food item or 
household measure was converted into grams per day 
(33). Because the only available Iranian food 
composition table (FCT) (34) analyzes a very limited 
number of raw food items and nutrients, we used the 
USDA FCT as the main FCT; the Iranian FCT was 
used as an alternative for traditional Iranian food 
items like Kashk, which are not included in the 
USDA FCT .  

Dietary diversity score of each individual was 
calculated based on five main groups of the Food 
Guide Pyramid (FGP): bread/grains, vegetables, 
fruits, meats and meat substitutes, and dairy (35). 
These main groups were divided into 23 subgroups 
according to Haines et al. (35). The ‘bread/grains’ 
group was categorized into seven subgroups (refined 
bread, biscuits, macaroni, whole bread, cornflakes, 
rice, refined meal), ‘fruits’ into two subgroups (fruits 
and fruit juices, berries and citrus), ‘vegetables’ into 
seven subgroups (vegetables, potatoes, tomatoes, 
starchy vegetables, legumes, yellow vegetables, and 
green vegetables), ‘meats and meat substitutes’ into 
four subgroups (red meat, poultry, fish, and egg), and 
‘dairy’ into three subgroups (milk, yogurt, and 
cheese). To be counted as a ‘consumer’ for any of the 
food group categories, a respondent had to consume 
at least one-half serving, as defined by the FGP 
quantity criteria, during one day. To calculate the 
score of each food group, we divided the number of 
subgroups consumed by the total number of 
subgroups in each main group, and then multiplied 
this by 2. Individual dietary diversity score represents 
the mean scores of the five groups. Each of the five 
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broad food categories receive a maximum diversity 
score of 2 out of the 10 possible score points. The 
maximum and minimum scores of diversity were 
between 0 and 10, respectively. Within each food 
group, the score reflects the percentage of the possible 
maximum score. Total score was the sum of the 
scores of the five main groups. 

To assess the household food security status in the 
last 12 months, we used the questionnaire with 18 
questions proposed by the USDA (2). The validity 
and reliability of this questionnaire were previously 
reported in a study of urban households in Isfahan 
(36). Trained dietary interviewers administered the 
household food security questionnaire during the 
face-to-face interviews with the participants. Food 
security score of each person was calculated 
according to the standard method, based on the 
number of positive responses on the questionnaire (1). 
Accordingly, the subjects were divided into four 
groups based on scores of the questionnaire: high 
food security (≤2.32), marginal food security (2.33-
4.55), low food security (4.56-6.52), and very low 
food security (>6.52). Higher scores indicate lower 
food security status. To have enough sample size in 
each group, the subjects were divided into two 
groups: Food insecure group (marginal, low, and very 
low food security) and Food secure group (high food 
security).  
Other measurements: Anthropometric measurem-
ents were done according to the study protocol; 
weight was measured with minimal clothing and 
without shoes using a digital scale (model 707, range 
0.1-150 kg, Seca, Hamburg, Germany) in the range 
100 g. Height was measured using tape (208 Portable 
Body Meter Measuring Device; Seca, Hamburg, 
Germany) standing against the side wall with no 
shoes while scapula are in normal circumstance to the 
nearest 1 cm. BMI was calculated by dividing weight 
(kg) to height squared (m²). 

Fasting blood samples, for the measurement of 
glucose, were drawn after the subjects had fasted 
overnight. The analysis of samples was performed 
using Selectra 2 auto-analyzer (Vital Scientific, 
Spankeren, Netherlands). Fasting plasma glucose 
(FPG) was measured on the day of blood collection 
by the enzymatic colorimetric method using glucose 

oxidase. Inter- and intra-assay CVs were both 2.2% 
for FPG. Diabetes was defined according to the 
criteria of the American Diabetes Association (ADA) 
as FPG ≥126 mg/dl or 2-h post 75 gram glucose load 
≥200 mg/dl or current therapy for a definite diagnosis 
of diabetes (37). 
Statistical analysis: The Kolmogorov–Smirnov test 
and histograms were used to test the normality of 
dietary intakes and diversity scores. Significant 
differences in sex, age groups, obesity, education, 
marriage, occupation, and smoking status between the 
food secure and insecure groups were observed using 
the Chi-square test. Independent student t test was 
used to compare the dietary intakes including energy, 
protein, fat, carbohydrate, saturated fatty acid (SFA), 
monounsaturated fatty acid (MUFA), polyunsaturated 
fatty acid (PUFA), fiber, whole grains, fruits, dark 
vegetables, low fat dairy, simple sugar and diversity 
scores between the food secure and insecure groups. 
Linear regression was used to determine the relation 
between food security score and dietary diversity. In 
multivariable adjusted models, the data were 
controlled for the following factors: age (continuous), 
sex (men, women), BMI (continuous), energy intake 
(continuous), occupation (employed, homemakers, 
retired), marital status (single, married, divorced), 
education (≤ 11th grade, high school graduate, 
academic graduate), and smoking status (smokers, 
non-smokers). For data analysis, the SPSS software 
(version 16.0; SPSS Inc., Chicago, IL, USA) was 
used, and P values <0.05 were considered statistically 
significant. 
Results 

The mean age of the participants was 51.4 ± 8.2 
years. Overall, 48.5% of study subjects had high, 
35.5% had marginal, 15.5% had low, and 0.05% had 
very low food security. Characteristics of the study 
participants are displayed in Table 1. Subjects in the 
food insecure group were more women, obese, and 
housewives, and had lower education status in 
comparison to those in the food secure group. Intakes 
of energy, protein, carbohydrate, fat, SFA, MUFA, 
PUFA, fiber, whole grains, fruits, dark vegetables, 
low fat dairy, and simple sugar was not significantly 
differed between the food secure and insecure groups  
(P>0.05, Table 2).  
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Table 1. The comparison of participants characteristics according to food insecurity status 
Characteristics  Food secure group (n=97) Food insecure group (n=103) P-value 
Men 51.5 35.0 0.02 
Age groups (years)    

40-49  53.5 42.7 

0.14 
50-59  25.8 40.8 
60-69  18.6 13.6 
≥ 70  2.1 2.9 

Body mass index     
Normal  19.8 15.6  

0.05 
 

Overweight 53.1 40.8 
Obesity  27.1 43.6 

Education     
< 12 years  27.8 50.5 

 
<0.001 

Diploma  38.2 38.8 
Academic  34.0 10.7 

Marital status     
Single  7.2 1.9  

0.06 Married  83.5 83.5 
Divorced 9.3 14.6 

Occupation     
Employed  50.5 35.0 

0.007 Housewives  27.9 49.5 
Retired  21.6 15.5 

Smokers 15.4 7.7 0.10 
  

Table 2. The comparison of dietary intakes according to food insecurity status 
Dietary intakes Food secure group 

(n=97) 
Food insecure group 

(n=103) 
P-value 

Energy intake (kcal) 2220±547 2093±565 0.2 
Protein (% of energy intake) 16.4±13.2 15.9±10.6 0.4 
Carbohydrate (% of energy intake) 54.3±13.6 54.62±11.2 0.5 
Fat (% of energy intake) 29.2±7.6 29.5±7.0 0.5 
SFA (% of energy intake) 10.0±5.1 9.9±4.5 0.7 
PUFA (% of energy intake) 10.0±5.8 11.1±6.2 0.2 
MUFA (% of energy intake) 6.2±3.9 5.9±3.7 0.3 
Fiber (g/1000kcal) 19.2±7.2 17.8±6.9 0.2 
Whole grain (g/1000kcal) 49.6±12.8 41.4±12.4 0.3 
Fruit (g/1000kcal) 135.3±28.2 124.2±24.9 0.4 
Dark vegetable (g/1000kcal) 156.3±36.2 144.6±33.1 0.4 
Low fat dairy (g/1000kcal) 106±19.3 96.2±18.6 0.3 
Simple sugar (g/1000kcal) 144.3±32.2 151±34.1 0.4 

 
Individual dietary diversity had the highest score in 

the fruit group (1.58 ± 0.64) and the lowest score in 
the meat and alternative group (0.25±0.32). 
Significant inverse correlations were observed 
between the scores for food security and diversity of 
fruits (r=-0.201, P=0.004), and vegetables (r=-0.141, 
P=0.046), and total diversity (r=-0.176, P=0.012).  

The food secure group had significantly higher 
total IDDS (4.74 ±1.40 vs. 5.15±1.28, P=0.033) and 
diversity of fruits (1.48±1.40 vs.1.68±1.28, P=0.030) 
comparing to food insecure group (Figure 1).  
In multivariable linear regression models, food 
security score displayed a significant inverse 
association with total IDDS, diversity of fruits, and 

vegetables (Table 3). Higher food security score was 
associated with lower total IDDS (regression 
coefficient for a 1-unit difference in diversity score = 
-0.177, P=0.012), diversity of fruits (regression 
coefficient for a 1-unit difference in diversity score = 
-0.198, P=0.005), and vegetables (regression 
coefficient for a 1-unit difference in diversity score =-
0.146, P=0.040). After adjusting for sex, age, BMI, 
energy intake, occupation, and marital status, the 
regression coefficients were significant for total IDDS 
(regression coefficient for a 1-unit difference in 
diversity score = -0.130, P = 0.040) and diversity of 
fruits (regression coefficient for a 1-unit difference in 
diversity score = -0.182, P = 0.010) (Table 3). 
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Table 3. Multivariable linear regression results with food security score as a dependent variable 

 Standardized β (P-value) R2 

Total   
Model 1 -0.177 (0.012) 0.031 
Model 2 -0.130 (0.040) 0.350 

Bread and cereals   
Model 1 0.067 (0.350) 0.004 
Model 2 0.108 (0.143) 0.114 

Vegetables   
Model 1 -0.146 (0.040) 0.021 
Model 2 -0.118 (0.094) 0.195 

Fruits   
Model 1 -0.198 (0.005) 0.039 
Model 2 -0.182 (0.010) 0.200 

Meat and substitutes   
Model 1 -0.120 (0.090) 0.014 
Model 2 -0.014 (0.567) 0.148 

Dairy   
Model 1 -0.060 (0.403) 0.004 
Model 2 -0.054 (0.451) 0.158 

Model 1: Crude 
Model 2: Adjusted models; data were controlled for the following factors: age (continuous), sex (men, women), BMI (continuous), energy intake 
(continuous), occupation (employed, homemakers, retired), marital status (single, married, divorced), education (≤ 11th grade, high school graduate, academic 
graduate), and smoking status (smokers, non-smokers). 

 
Figure 1. Mean and statndard deviation of total dietary diversity score and diversity score of food groups between the food 
secure and insecure groups of non-diabetic Tehranian adults. 
Student t test was used to compare between the two groups. * P < 0.05 
 
Discussion 

In the current study conducted on a group of 
healthy Tehranians, there was an inverse relationship 
between food security score and dietary diversity 
score. The subjects whose diets had more diversity 
were likely to have more food security, and intake of 
varied fruits was associated with higher food security 
status.  

In the current study, none of the macro- and micro-
nutrients and food group intakes showed an 
association with food security. Regarding the macro-
nutrients, contradictory findings have been reported. 

Households with children (aged 5-12 years) showed 
an inverse association between protein and food 
security (38); however, Champagne et al. did not 
observe an association between carbohydrates and 
protein with food security (39). Fat consumption was 
higher in households with food security than in 
households without it (40). On the other hand, studies 
on the association between food group intakes and 
dietary patterns and food security showed consistent 
results. For example, lower intake of fruits, 
vegetables, and meat (6, 9) and higher intake of fruit 
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juices (3) are related to food insecurity. Dietary 
patterns with higher intake of fat and refined 
carbohydrates, and small amount of fruits, vegetables 
and whole grains, fish and chicken have been 
observed in food insecure households (41). 
Drewnowski et al. also observed that food insecure 
households had more priority to purchase unhealthy 
foods like refined grains, added sugars or fats, which 
are high-calorie and low-nutrient content foods (42). 
This intake pattern may lead to lower intake of 
expensive and healthier foods, such as lean meats, 
fish, fresh vegetables and fruits. It is probable that the 
association between food security and cardiovascular 
disease and its risk factors can be defined by the 
impact of food insecurity in selecting unhealthy 
dietary patterns. Similarly, food security has been 
studied in Iran in relation to dietary patterns and food 
group intakes; mean frequency of bread and potato 
intake was significantly higher in the food insecure 
group than in the food secure group, and mean 
frequency of rice, vegetables, fruits, meat and dairy 
products intake was significantly lower in the food 
insecure group than in the food secure group (43).  

The individual dietary diversity score has been 
proposed as a proxy measure of food security (26), 
and has been associated with nutrient adequacy and 
increasing probability of cardiovascular risk factors 
(44-46). However, studies on the association between 
dietary diversity and food security are scarce. In this 
regard, valid and reliable indicators of dietary 
diversity that accurately predict individual nutrient 
adequacy in a variety of population groups and 
settings are needed (47). In the current study, an 
inverse association between total variety and fruit 
variety with food security was observed. Individual 
dietary diversity and food insecurity are both 
associated with the socio-economic level of 
households. Several studies have shown the inverse 
relationship between food insecurity and average 
household income (11, 38), food prices (48, 49), 
maternal education (50), and unemployment (51). 
Furthermore, in Iran, food insecurity was related to 
household income, educational level of the head of 
household, and mother’s educational level (43, 52). 
Individual dietary diversity was also associated with 
socio-economic status, including maternal education 
level (53) and food price (54). It is, hence, evident 
that dietary diversity and food security have 

underlying factors, which have effects on both 
simultaneously. The potential of household-level 
dietary diversity indicators to accurately reflect 
household food security and overall socioeconomic 
status needs to be confirmed. Specific indicators will 
need to be developed for each of these purposes, but 
in both cases, it will be necessary to address the 
various measurement issues identified in this review.  

Our study has several noteworthy limitations. 
Firstly, our cross-sectional study does not answer the 
question of which event is primary, that is whether 
food security precedes an increase of dietary 
diversity, or vice versa. Secondly, since the number of 
participants was low, the association of different 
levels of food insecurity with dietary diversity could 
not be studied. Finally, cross-sectional design of the 
study could not identify the long time or transit 
households’ food insecurity. However, the strength of 
the present study is its reliance on a sample of 
subjects from a large community-based prospective 
cohort study of general population (TLGS), so the 
current findings could be generalized to general 
population in Tehran. 
Conclusion: The results of the present study imply 
that dietary diversity, specifically the variety of ‘fruits 
and vegetables’ as an indicator of healthy nutrition is 
associated with food security. Low dietary diversity 
indicates potential risk for food insecurity. The 
household food insecurity status can be determined 
accurately through the measurement of food diversity 
proxies. Therefore, to develop appropriate policy and 
program options, the association between food 
security and diet diversity is important for researchers 
and policy makers, as well as governmental and non-
governmental agencies. 
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