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Introduction
Type 2 diabetes mellitus (T2DM) is a consequential non-
communicable disease that is increasing around the world.1 
Over recent decades, the prevalence of T2DM has grown 

dramatically and it has been estimated that it will reach 
489 million cases by 2030. Identifying efficient strategies 
for the treatment and prevention of T2DM is, therefore, 
a crucial step toward reducing the burden of this public 

Dietary quality indices, cardio-metabolic risk factors, 
and depression in women with type 2 diabetes: A cross-
sectional study
Nazli Namazi1 ID , Mahnaz Sanjari2, Mostafa Qorbani3,4, Bagher Larijani5, Maryam Aalaa6, Mohammad-Reza Amini1, 
Hossein Adibi7, Farideh Razi8, Hamid Reza Aghaei Meybodi9, Neda Mehrdad1* ID

1Diabetes Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of Medical 
Sciences, Tehran, Iran
2Osteoporosis Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of Medical 
Sciences, Tehran, Iran
3Non-Communicable Diseases Research Center, Alborz University of Medical Sciences, Karaj, Iran
4Chronic Diseases Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran University of 
Medical Sciences, Tehran, Iran
5Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran 
University of Medical Sciences, Tehran, Iran
6Department of E-Learning in Medical Education, Center of Excellence for E-Learning in Medical Education, School of 
Medicine, Tehran University of Medical Sciences, Tehran, Iran
7Elderly Health Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran University of Medical 
Sciences, Tehran, Iran
8Metabolomics and Genomics Research Center, Endocrinology and Metabolism Molecular-Cellular Sciences Institute, 
Tehran University of Medical Sciences, Tehran, Iran
9Evidence-Based Medicine Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of 
Medical Sciences, Tehran, Iran

*Corresponding Author: Neda Mehrdad, Email: nmehrdad@tums.ac.ir

© 2025 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited.

Biomedicine Advances. 2025;2(3):152-163

doi: 10.34172/bma.25

https://biomedad.ae

Original Article

Received: March 9, 2025, Revised: May 27, 2025, Accepted: June 18, 2025, ePublished: July 1, 2025

Summary
Introduction: Prior studies have indicated that high-quality dietary patterns play a pivotal role in improving metabolic and 
psychological disorders; however, there are limited studies in this regard for patients with type 2 diabetes mellitus (T2DM). We 
aimed to examine the association of adherence to some dietary quality indices, cardio-metabolic risk factors, and depression in 
women with T2DM.
Methods: In this cross-sectional study, 456 women with T2DM were recruited using random multistage cluster sampling. 
Adherence to dietary patterns, including Dietary Approaches to Stop Hypertension (DASH), Alternate Healthy Eating Index (AHEI), 
dietary energy density (DED), dietary diversity score (DDS), and Mediterranean scores was examined as suggested by previous 
publications. The Beck Depression Inventory (BDI) questionnaire was also used to assess depression. Dietary intake was examined 
using three 24-h dietary recalls. To compare subjects with less or more than the median score for each dietary index, analysis of 
covariance (ANCOVA) was used. Adjusted logistic regression was performed to examine the association of dietary quality indices 
and depression.
Findings: The mean age and duration of diabetes were 51.8 ± 7.7 and 6.8 ± 5.9 years, respectively. Overall, the prevalence of 
depression was 41.3% in the study population. After controlling for potential confounders, we found that total cholesterol (TC) and 
low-density lipoprotein concentrations (LDL-C) in individuals with high DED scores were significantly higher than those with a low 
one (P = 0.02 for both). However, there were no significant associations among other dietary quality indices, cardio-metabolic risk 
factors, and depression. 
Conclusion: Adherence to a high-energy-dense diet was positively associated with TC and LDL-C concentrations in Iranian women 
with T2DM. Due to low median scores for all healthy dietary patterns, no differences were found for other biochemical parameters 
and depression between categories. Prospective studies that used adaptive dietary quality indices for patients with T2DM are 
required.
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health crisis.2 Targeting modifiable risk factors such as 
dietary patterns could effectively reduce the growth and 
disease burden of T2DM in the region.3

Promoting healthy diet that consists of diverse choices 
from each main food groups while providing healthy 
diets with essential nutrients is an acknowledged strategy 
to manage existing status of patients.4,5 Previous studies 
have investigated the association between diet, DM, 
and diabetes complications by studying certain foods,6-8 
nutrients in isolation,9 and examining overall diet 
quality.5,10,11 As nutrients in isolation are not consumed, 
the association between diet and T2DM can only be 
elucidated by assessing diet as a whole.12 Different dietary 
indices have been developed to measure dietary quality, 
including dietary energy density (DED), dietary diversity 
score (DDS), Dietary Approaches to Stop Hypertension 
(DASH), Alternate Healthy Eating Index (AHEI) and 
Mediterranean scores.12-14 Low-quality diets can cause 
insulin resistance and other diabetes-related metabolic 
disorders.15 Low-quality diets are usually high-energy, 
dense diets with sufficient amounts of nutrients. 

In addition to metabolic complications, patients with 
DM are at increased risk for depression. It has been 
reported that the risk of depression in patients with DM is 
twice as much as people without diabetes.16 Furthermore, 
depression can be involved in diabetes complications.17 
Although in the past decades less attention was paid to 
depression and other mental disorders in diabetes care,18,19 
recently such disorders have been considered as one of the 
main diabetes complications in most countries. Dietary 
patterns play key roles in reducing depressive symptoms, 
particularly in patients with T2DM.20

To the best of our knowledge, no studies have examined 
the association of DDS and DED with depression and 
biochemical parameters in T2DM in Iran, and there are 
limited studies with conflicting results on the association 
of dietary quality indices, depression and metabolic 
disorders. Our study therefore aimed to explore 
the association between dietary quality indices with 
depression and cardio-metabolic risk factors in women 
with T2DM in Tehran, Iran.

Methods
Study design and participants
In this cross-sectional research, 456 women with T2DM 
were studied in Tehran, Iran in 2018-2019. Eligible patients 
were selected using a random multistage cluster sampling 
method from five geographical regions of Tehran, Iran. 
One distinctive district was chosen randomly from each 
geographical region. Patients were identified from (i) all 
primary health centers in which diabetics were admitted 
and followed up, and (ii) two referral diabetes clinics 
affiliated with Endocrine and Metabolism Research 
Institute (EMRI), Tehran University of Medical Sciences. 
The calculation of sample size was explained elsewhere.21

Inclusion and exclusion criteria
Inclusion criteria were women aged between 20 and 60 
years old with T2DM who were able to speak in Persian 
and had HbA1c between 6.5 to less and equal to 9% 
throughout 6 months ago. Diagnosis of T2DM was based 
on the criteria of the American Diabetes Association: 
fasting blood sugar (FBS) ≥ 126 mg/dL, blood sugar 2-hour 
postprandial ≥ 200 mg/dL, and HbA1c ≥ 6.5%.22 Subjects 
were excluded if they were on weight loss or vegetarian 
diets through the previous six months, had a serious illness 
with reduced cognitive capacity, or participated in other 
diabetes education courses scheduled simultaneously 
with our study. Pregnant and lactating women were also 
excluded. 

After dietary intake analysis, we excluded the 
participants whose dietary energy intake was out of 800 to 
4200 kcal/day23, 24 (n = 21) or had fewer than two completed 
24-hour dietary recalls (n = 10). Finally, the data for 426 
women were considered for analysis. All eligible women 
signed written informed consents at the baseline. The 
present study has been approved by the ethics committee 
of Endocrinology and Metabolism Research Institute 
of Tehran University of Medical Sciences (code: EC-
00378) in accordance with the Helsinki Declaration and 
the guidelines of Iranian Ministry of Health and Medical 
Education. This paper covers a cross-sectional part of the 
main experimental project entitled “the effectiveness of 
diabetes education by peer coaching on controlling and 
management of disease”.

Assessments
Dietary intake
To assess the dietary intake of participants, three 
24-h dietary recalls (2 working days, 1 weekend) were 
used. Dietary recalls were filled out through a face-to-
face interview and they were completed by dietitians. 
Eventually, the reported amounts of each food item were 
converted to grams. The Data on dietary intake were 
analyzed using the modified version of Nutritionist IV 
(First Databank Inc., Hearst Corp., San Bruno, CA, USA) 
for Iranian foods.
 
Calculation of dietary quality indices
Dietary diversity score
The DDS was calculated based on the method by Kant et 
al.25,26 Briefly, according to the Food Guide Pyramid, we 
classified consumed food into five main groups, namely 
bread & grains, fruits, vegetables, dairy, and meats. Then, 
the aforementioned five groups were divided into 23 
sub-classifications. In accordance with the Food Guide 
Pyramid quantity criteria, if at least 0.5 serving/ day 
had been consumed, it would have been considered as a 
consumption of that certain food group. Each of the five 
main groups got a maximum score of 2 out of 10. The 
total score was obtained by summing the scores of the 
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five main groups. Total DDSs were between 0 and 10. To 
calculate diversity scores in each main food group, which 
were between 0 and 2, the same method was applied. 

Dietary energy density
To estimate the DED, an individual’s daily energy intake 
(kcal/day) was divided by the total weight of consumed 
foods (excluding non-caloric beverages) (g/day).27 We 
did not consider the weight of consumed non-caloric 
beverages, including water, tea, coffee without milk and 
sugar, because findings from the previous publication28 
support the issue that the effect of DED on body weight 
are related to changes in the weight of solid foodstuffs, not 
such beverages.

AHEI score
The AHEI was calculated based on the scores for 12 main 
items, and its total score is 100. Scores for the highest and 
the lowest intake of total fruits, whole fruits, vegetables, 
beans, total protein foods, seafood, and plant proteins are 
5 and 0, respectively. Score for the highest intake of whole 
grains, dairy, and fatty acids ratio ((polyunsaturated 
fatty acid and MUFA)/SFA) is 10, and the score for the 
lowest consumption of these foods is 0. Two unhealthy 
components (refined grains and sodium) get a score 
of 10 for the lowest intake and 0 for the highest intake. 
Consumption of foods that contain solid fats or sugars 
and also alcohol intake (more than 13 g/1000 kcal) is 
scored 0–20 (highest intake = 0, lowest intake = 20). The 
highest frequency of consumption is scored 0, and the 
lowest frequency of consumption gets the score of 20.29 

DASH score
We calculated the DASH dietary score based on the Fung 
method 30. In this method, participants who consumed the 
highest amount of fruits, vegetables, nuts and legumes, 
low-fat dairy products or whole grains got score of 1. 
Moreover, participants got additional scores (score of 1 
for each item), if they had the lowest intake of sodium, red 
or processed meats and sweetened beverages. 

Mediterranean diet
Mediterranean dietary scores were calculated based on 
the methodology of Trichopoulou et al.31 Its maximum 
score is nine. Accordingly, if participants consumed 
legumes, vegetables, fruits, fish, whole grains, nuts and 
monounsaturated fatty acid (MUFA) to saturated fatty 
acids (SFAs) ratio equal to or more than the median 
of the study population, they got one point for each 
aforementioned item. Furthermore, daily consumption 
less than the median of the study population for meats 
(red meat, poultry, and processed meats) and dairy 
products had one additional point for each food group. In 
the present study, before the scoring, energy adjustment 
was performed for all food groups. 

Anthropometric measurements
Participants were weighed using a Seca scale (Seca, 
Hamburg, Germany) with minimal clothes and no shoes. 
For measuring the height of the subjects, a tape measure 
with a precision of 0.1 cm was used. Body mass index 
(BMI) was calculated by dividing weight in kilograms by 
height in meters squared. Waist circumference (WC) was 
measured using a non-stretching tape measure. The mid-
point between the last rib and the iliac crest was recorded 
as WC. Hip circumference was measured around the 
biggest part of the buttocks. Waist to hip ratio (WHR) was 
calculated by dividing WC by hip circumference.

Biochemical assessment
Blood samples (12 mL) were obtained after 12-14 
hours fasting. Blood samples were centrifuged (Hettich 
D-78532, Tuttlingen, Germany) at 3500 rpm for 10 min 
to separate serums. HbA1c was measured within two days 
of sampling, and serum samples were stored in -80 °C till 
analyses. The serum levels of fasting blood glucose (FBS), 
total cholesterol (TC), triglycerides (TG), low-density 
lipoprotein cholesterol (LDL-C), high density lipoprotein 
cholesterol (HDL-C), aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) were measured 
by commercial kits (Pars Azmun, Tehran, Iran) using 
automated chemistry Hitachi 902 analyzer (Hitachi LTD, 
Tokyo, Japan). HbA1c was measured in whole blood by 
an automated high-performance liquid chromatography 
analyzer (Tosoh HLC-723 G8, Tosoh Bioscience, 
Tokyo, Japan). Total precision in terms of coefficients of 
variations (CVs) was less than 1.5% for HbA1c, while it 
was less than 3% for other tests.

Depression Assessment
Depression was assessed using the Persian-language 
version of the second edition of the Beck Depression 
Inventory (BDI-II), which consists of 21 items. For each 
item, four choices have been presented.32 BDI-II Persian 
was validated earlier, and it has high internal consistency 
(Cronbach's α = 0.87) and acceptable test-retest reliability 
(r = 0.74).32

Sufficient explanations were presented for patients to 
select the best answer that describes their present feelings. 
The total score was calculated by summing the score (0 for 
absent or mild, 3 for severe depression symptoms) of 21 
items. The maximum score for this questionnaire was 63. 
The total score between 0 to 4, 5 to 7, 8 to 15, and more 
than 16 was considered as no depression, mild, moderate, 
and severe depression.33

Assessment of other variables
The socio-economic characteristics of participants 
were collected using a demographic questionnaire via 
interview. The questionnaire consisted of the following 
items: education, economic status, occupation, taken 
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medications, duration of diabetes, disease history, etc. 
The levels of physical activity were determined with the 
International Physical Activity Questionnaire (IPAQ).34 
The rate of physical activity was reported based on MET/
day. 

Statistical Analysis
The possible normal distribution of variables in DDS, 
DED, DASH, AHEI, and Mediterranean categories was 
examined using Kolmogorov–Smirnov test. The results 
were checked by observing the histogram curve. Variables 
with normal and non-normal distribution were presented 
as mean ± SD and median (25th percentile, 75th percentile), 
respectively. Based on the median of dietary quality 
indices, participants were classified as subjects who had 
either less or more than median scores, which named high 
and low score groups, respectively. The cutoff points for 
each dietary quality category were as follows: DDS (less or 
more than 3.7), DED (less or more than 1.2), DASH (less 
or more than 20.0), AHEI (less or more than 18.0), and 
Mediterranean diet (less or more than 4.0). Depression 
was considered as a qualitative variable and subjects were 
classified into three groups (normal, mild/moderate, and 
severe). To compare groups, independent t-test and chi-
square tests were used for quantitative and qualitative 
variables, respectively. Anthropometric indices, 
depression, and biochemical parameters were adjusted 
for potential confounders using analysis of covariance 
(ANCOVA). To detect the role of dietary quality indices 
on depression, binary logistic regression in two models 
was used. It was presented as crude and adjusted models. 
The adjustment was performed for important covariates 
(energy intake, BMI, income, education, medications, 
physical activity, duration of diabetes, etc). To calculate 
the odds ratio (OR) in the categories of dietary quality 
indices, first category (lower than median score) was 
considered as a reference group. All statistical analyses 
were done using the SPSS software (SPSS Inc., Chicago IL, 
USA; version 16). P values less than 0.05 were considered 
statistically significant.

Results
Basal characteristics
Characteristics of the participants who had higher and 
lower scores than the median for DDS and DED are 
represented in Table 1. No significant differences in 
demographic characteristics (age, education, income, 
weight, BMI, WC, medications, duration of diabetes, 
and physical activity) were observed across the groups 
according to DDS and DED classifications. Of 426 
participants, 46.7% suffered from depression (38.0% 
mild/moderate, 8.7% severe), and 53.3% were normal. 
As presented in Table 1, based on depression, no 
statistically significant differences were observed in basal 
characteristics of the participants. Compared with those 

with lower score for DASH (P = 0.04) and Mediterranean 
(P = 0.02) scores, women with greater adherence, were 
more physically active. In addition, the duration of 
diabetes among women in the top category of the 
Mediterranean diet was significantly more than the lowest 
one (0.02) (Table 2). There were no significant differences 
in demographic characteristics of women in the AHEI 
categories except for WHR (P = 0.001). Participants with 
the highest adherences to the Mediterranean diet had 
greater WHR compared to those with the lowest one 
(Table 2). 

Dietary intake
Table 3 gives information about dietary intake in the 
categories of DDS, DED and depression for the study 
participants. There were no significant differences in the 
dietary intake of subjects with higher dietary diversity 
compared to those with lower one except for total 
fat (P = 0.02) and SFAs (P = 0.03), and zinc (p = 0.03). 
Comparison of participants in two DDS categories 
indicated that subjects with higher DDS score consumed 
more grain, fruits, meats, cereals and dairy compared 
to those with lower one. We also found that there were 
significant differences in dietary intake parameters 
between subjects with high and low DED, except for 
protein (P = 0.09), vitamin B1 (P = 0.5), and dietary fiber 
intake (P = 0.8) (Table 2). Based on the DED category, there 
were no significant differences in the amount of main food 
groups except for total meat intake (P < 0.01). Comparison 
subjects in depression categories showed no significant 
differences dietary intake. Women who adhered more to 
the DASH diet, consumed less carbohydrate (P = 0.002), 
while the intake of vitamin E (P = 0.001) and calcium 
(P = 0.03) was greater than those with low adherence. 
Moreover, the amount of main food groups except total 
meat was different between two categories of DASH 
score. Compared to those with the lowest Mediterranean 
score, subjects with the greatest one, had more dietary 
intake except for PUFA (P = 0.4), vitamin B6 (P = 0.7), 
zinc (n = 0.1), calcium (P = 0.4) and total grain (P = 0.4). 
In participants with high score for AHEI, energy intake 
(P = 0.001), protein (P = 0.01), and PUFA (P = 0.01) were 
more than those with low score. There were no differences 
in meat (P = 0.1) and dairy products (P = 0.8) between two 
categories of Mediterranean diet (Table 4).

Biochemical parameters
As presented in Table 5, according to the DDS, DDS to 
DED ratio, DASH, Mediterranean and AHEI scores, 
there were no significant differences in glycemic status, 
lipid profile and liver enzymes between subjects with 
high and low adherence. However, serum levels of TG 
(P = 0.04) and LDL-C (P = 0.01) in upper category of the 
DED were significantly more than those in the lower one. 
Additionally, serum concentrations of TC was marginally 
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significant in participants with higher DED compared to 
those with lower score (P = 0.05). After taking possible 
confounder, macro- and micro-nutrient intakes, into 
account, no significant differences were remained for TG 
(P = 0.3) between DED categories, while for subjects with 
high dense diet, greater serum levels of LDL-C (P = 0.02) 
and TC (P = 0.02) were found.

Associations between dietary indices and depression
Unadjusted and adjusted logistic regression between each 
dietary quality index and depression are summarized in 
Table 6. After controlling for possible confounders, we 
found that there were no significant associations between 
depression, DDS (OR: 0.95; 95% CI: 0.65, 1.40; P = 0.8), 
DED (OR: 0.91; 95% CI: 0.62, 1.34) and DDS/DED (OR: 
0.81; 95% CI: 0.55, 1.18; P = 0.2). Moreover, there were no 

differences in the risk of depression between subjects who 
highly adhered to DASH (OR: 1.08; 95% CI: 0.74, 1.16; 
P = 0.6), AHEI (OR: 1.08; 95% CI: 0.70, 1.66; P = 0.7) and 
Mediterranean diet (OR: 1.06; 95% CI: 0.70, 1.5; P = 0.76) 
compared to those with low adherence.

Overall, missing data was between 2 to 4% among 
different variables. Based on imputation methods, 
wherever possible missing data was filled out based on the 
existence information. However, due to un-accessibility 
to some participants to ask about food and beverages they 
consumed during the past 24 hours, fewer than two 24-
hour dietary recalls were filled out for some participants. 
Due to limited information about dietary intake for such 
participants (n = 10), they were not included for statistical 
analysis.

Table 1. Basal characteristics of participants in dietary diversity scores (DDS), energy density (ED) and depression categories

Variables

DDS
P 

value 
c

ED

P 
valuec

Depression

P 
valuedLow

(n = 211)
High

(n = 215)
Low

(n = 212)
High

(n = 214)
Normal
(n = 227)

Mild/Moderate 
(n = 162)

Severe (n = 37 )

Age (year) 51.7 ± 7.7a 52.1 ± 7.7 0.6 51.4 ± 7.3 52.3 ± 8.1 0.2 52.1 ± 7.7 51.2 ± 7.8 53.1 ± 6.9 0.3

Weight (kg) 75.4 ± 13.8 75.9 ± 12.6 0.6d 75.4 ± 11.8 76.0 ± 14.4 0.6d 75.0 ± 13.3 76.5 ± 13.0 76.0 ± 13.8 0.5

BMI (kg/m2) 31.4 ± 6.1 31.6 ± 5.8 0.7d 30.4 ± 4.3 32.5 ± 7.1 0.7d 31.4 ± 5.6 31.5 ± 6.2 31.8 ± 6.9 0.9

WC (cm) 102.3 ± 11.9 103.5 ± 11.1 0.3d 101.9 ± 11.0 103.9 ± 12.0 0.06d 102.2 ± 11.9 103.6 ± 11.6 104.2 ± 8.9 0.4

WHR 0.96 ± 0.52 0.93 ± 0.07 0.3d 0.96 ± 0.52 0.94 ± 0.06 0.6d 0.96 ± 0.52 0.93 ± 0.06 0.94 ± 0.04 0.7

Medications (n)

Insulin 19 24
0.09e

19 24
0.2e

14 9 1
0.1

Oral 182 191 191 190 213 153 36

Duration 
of diabetes 
(months)

48.0 (24.0, 
108.0) b

72.0 (36.0, 
120.0)

0.5
60.0 (24.0, 

120.0)
60.0 (33.0, 

120.0)
0.7

48.0 (24.0, 
120.0)

60.0 (24.0, 
120.0)

54.0 (36.0, 
120.0)

0.4

Physical activity 
(MET/day)

180 (120, 
300)

180 (120, 
300)

0.7
240.0 (120.0, 

300.0)
180.0 (120.0, 

300.0)
0.9 180 (120, 300) 180 (120, 300)

240.0 (120.0, 
330.0)

0.4

WC, Waist circumference; WHR, Waist to Hip ratio; BMI, body mass index. 
a Mean ± SD; b Median (25th, 75th); c Independent t-test; d ANCOVA (adjusted for energy intake and physical activity; e Chi-Square test.

Table 2. Basal characteristics of participants in the DASH, AHEI and Mediterranean categories

Variables
DASH

P 
valuec

AHEI
P 

valuec

Mediterranean
P 

valuecLow
(n = 235)

High
(n = 191)

Low
(n = 155)

High
(n = 179)

Low
(n = 220)

High
(n = 163)

Age (year) 51.2 ± 7.4a 52.7 ± 7.9 0.05 51.4 ± 7.2 51.9 ± 7.9 0.5 51.0 ± 8.0 52.9 ± 7.6 0.02

Weight (kg) 75.5 ± 13.2 75.9 ± 13.1 0.7d 75.0 ± 12.2 75.6 ± 12.7 0.67d 75.1 ± 13.0 76.5 ± 13.5 0.3d

BMI (kg/m2) 31.7 ± 6.7 31.4 ± 5.4 0.5d 31.5 ± 6.5 31.5 ± 5.7 0.93d 31.7 ± 6.6 31.7 ± 5.8 0.9d

WC (cm) 101.6 ± 11.5 104.5 ± 11.4 0.03d 101.2 ± 10.4 103.9 ± 11.8 0.1d 102.2 ± 10.8 104.7 ± 12.4 0.09d

WHR 0.95 ± 0.50 0.94 ± 0.06 0.8d 0.91 ± 0.07 0.94 ± 0.06 0.001d 0.92 ± 0.07 0.98 ± 0.59 0.1d

Medications (n)

0.5 0.1Insulin 24 19 11 19
0.16

24 12

Oral 197 162 137 149 183 140

Duration of diabetes 
(months)

60.0 (24.0, 
120.0)b

60.0 (36.0, 
120.0)

0.2
60.0 (24.0, 

120.0)
60.0 (28.5, 

120.0)
0.14 48.0 (24.0, 120.0)

180.0 (120.0, 
300.0)

0.02

Physical activity 
(MET/day)

180.0 (120.0, 
300.0)

240.0 (120.0, 
300.0)

0.04
180.0 (90.0, 

300.0)
240.0 (120.0, 

300.0)
0.19 60.0 (36.0, 120.0)

240.0 (120.0, 
300.0)

0.01

WC, Waist circumference; WHR, Waist to Hip ratio; BMI, body mass index. 
a Mean ± SD; b Median (25th, 75th); c Independent t-test; d ANCOVA (adjusted for energy intake and physical activity; e Chi-Square test.
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Discussion
The present study showed that women with type 2 diabetes 
who experienced higher energy dense diets had greater 
serum levels of TC and LDL-C than those with lower 
ones. However, no association was found for other dietary 
quality indices and biochemical parameters in patients 
with T2DM. In addition, no significant associations 
were observed between dietary quality indices and the 
risk of depression. To the best of our knowledge, the 
current study is one of the first cross-sectional studies on 
T2DM examining the association of DDS and DED with 
cardiovascular disease (CVD) risk factors and depression. 

A prospective cohort study with a 12-year follow-up in 
the UK indicated that an energy-dense diet can increase 
the risk of DM by 60%.35 Due to the cross-sectional design 
of the present study, we were not able to examine the 
effects of DED on the incidence of DM. However, when 
we examined the association of DED, FBS and, HbA1C, no 

significant association was found. From the biochemical 
point of view, our study was in line with Khayatzadeh et 
al study.36 They reported that energy-dense diets were 
related to dyslipidemia (higher serum levels of TC, TG, 
LDL-C and, HDL-C) with no significant relationship 
with FBS concentrations in Iranian women.36 In another 
study, they revealed that higher score for DED increased 
the risk of metabolic syndrome and all feathers of this 
disorder in Iranian population.37 However in our study, 
no significant differences were found in anthropometric 
indices of the participants with either lower or higher 
DED score. Hence, our study was focused on patients 
with T2DM, it is likely to encounter into considerable 
under report for dietary intake. Furthermore, such 
patients prefer to report less sugar, fat or other foods 
that should be restricted in their diets. Accordingly, we 
might obtain no real range for DED. Therefore, observing 
no association among most evaluated parameters might 

Table 3. Dietary intake based on the categories of DDS, ED and depression

Variables

DDS
P 

valued

ED
P 

valued

Depression
P 

valuedLow
(n = 211)

High
(n = 215)

Low
(n = 212)

High
(n = 214)

Normal
(n = 227)

Mild/
Moderate
(n = 162)

Severe
(n = 37 )

Total energy 
(kcal/day)

1694 ± 390a 1756 ± 343 0.06c 1565 ± 392 1883 ± 259.2  < 0.01c 1706 ± 367 1749 ± 374 1716 ± 340 0.5c

Carbohydrate 
(g/day)

226.1 ± 58.0 231.0 ± 53.9 0.4 219.1 ± 60.4 237.6 ± 49.8  < 0.01 226.7 ± 55.7 230.5 ± 53.9 224.5 ± 65.3 0.7

Protein (g/
day)

56.3 ± 19.2 57.4 ± 15.0 0.1 55.8 ± 19.4 57.8 ± 14.8 0.09 17.3 ± 1.1 17.5 ± 1.3 53.1 ± 14.7 0.3

Fat (g/day)
65.6 (47.0, 

81.9)b

70.0 (51.5, 
87.3)

0.02
55.8 (39.9, 

68.4)
80.0 (66.6, 

92.3)
 < 0.01 66.2 ± 22.5 70.3 ± 27.9 67.2 ± 21.3 0.2

Dietary fiber 
(g/day)

13.6 (10.1, 
15.5)

14.4 (11.1, 
16.8)

0.08
14.3 (10.0, 

16.6)
13.6 (11.1, 

15.6)
0.8

13.3 (10.6, 
16.1)

13.0 (10.8, 
16.5)

12.8 (10.4, 
15.5)

0.7

PUFA (g/day)
22.0 (14.1, 

28.5)
22.4 (16.0, 

27.9)
0.05

19.5 (11.5, 
26.2)

25.0 (19.6, 
28.8)

 < 0.01 21.2 ± 9.2 23.1 ± 11.8 24.0 ± 9.0 0.1

SFA (g/day)
15.5 (11.5, 

18.3)
16.7 (12.3, 

19.9)
0.03 14.2(10.2, 17.2)

18.0 (13.9, 
20.8)

 < 0.01 15.7 ± 6.1 16.9 ± 7.8 15.0 ± 5.5 0.1

Vitamin 
B1(mg/day)

1.3 (1.1, 1.5) 1.3 (1.1, 1.5) 0.6 1.3 (1.0, 1.5) 1.3 (1.1, 1.5) 0.5 1.3 ± 0.3 1.3 ± 0.3 1.3 ± 0.4 0.7

Vitamin B6 
(mg/day)

1.2 (0.8, 1.5) 1.3 (0.9, 1.4) 0.4 1.2 (0.8, 1.4) 1.3 (1.0, 1.5)  < 0.01 1.2 (0.98, 1.4) 1.2(0.9, 1.5)
0.9 (0.7, 

1.2)
0.2

Vitamin C 
(mg/day)

70.2 (40.6, 
85.0)

74.5 (41.3, 
93.5)

0.08
82.7 (47.0, 

104.9)
61.9 (36.2, 

81.8)
 < 0.01

63.5 (45.1, 
93.3)

59.8(40.0, 
91.3)

51.9 (32.1, 
75.1)

0.1

Vitamin E 
(mg/day)

10.6 (1.3, 
20.3)

14.1 (2.1, 
25.6)

0.05 3.9 (1.2, 4.0)
20.7 (16.2, 

28.0)
 < 0.01 5.2 (1.8, 23.7) 5.1 (1.7, 23.3)

2.4(1.2, 
20.5)

0.4

Zinc (mg/
day)

6.4 (5.1, 7.7) 7.0 (5.7, 8.2) 0.03 6.3 (4.6, 7.7) 7.2 (6.0, 8.1)  < 0.01 6.8 (5.5, 7.8) 6.9(5.3, 8.5) 6.2(4.5, 7.4) 0.06

Calcium (mg/
day)

520.2 (350.8, 
641.2)

554.4 (389.7, 
670.0)

0.5
582.9 (381.2, 

757.4)
491.3 (373.5, 

579.2)
 < 0.01 4.8 (3.8, 6.5) 4.9(3.5, 6.6) 4.6(3.5, 6.4) 0.8

Total grain (g/
day)

145.7 (94.0 
185.0)

173.5 (108.0, 
217.0)

0.1
155.4 (106.0, 

195.0)
164.5 (94.7, 

206.5)
0.3

148.0 (105.0, 
202.0)

142.5 (100.2, 
142.5)

139.0 (73.5, 
175.0)

0.3

Total 
vegetables (g/
day)

127.0 (74.5, 
167.5)

146.5(80.0, 
186.0)

0.1
134.5 (78.0, 

174.0)
139.6 (77.7, 

185.0)
0.7

123.0 (77.0, 
185.0)

118.0 (79.7, 
172.2)

105.0 (65.0, 
164.5)

0.5

Total fruits (g/
day)

132.3 (37.5, 
119.2)

173.9 (115.0, 
195.0)

 < 0.01
146.7 (85.0, 

185.0)
158.7 (75.0, 

191.2)
0.9

134.0 (75.0, 
185.0)

144.0 (80.0, 
196.2)

140.0 (85.0, 
185.0)

0.5

Total meat (g/
day)

45.1 (27.5, 
55.0)

59.1 (40.0, 
73.0)

 < 0.01
47.7 (30.0, 

55.0)
56.6 (35.0, 

75.0)
 < 0.01

46.0 (30.0, 
67.0)

50.0 (36.7, 
67.2)

40.0 (31.5, 
50.0)

0.1

Total cereal 
(g/day)

15.5 (0, 20)
23.8 (8.0, 

35.0)
0.01 20.0 (8.0, 25.0) 19.3 (0, 26.5) 0.4 14.0 (0, 26.0)

15.0 (3.7, 
25.0)

12.0 (2.5, 
36.5)

0.3

Total dairy (g/
day)

80.3 (30.0, 
115.0)

126.2 (50.0, 
170.0)

 < 0.01
102.2 (56.0, 

133.0)
105.0 (30.0, 

140.0)
0.6

90.0 (30.0, 
130.0)

95.0 (43.7, 
136.2)

100.0 (85.0, 
185.0)

0.1

a Mean ± SD; b Median (25th, 75th); c Independent t-test; dANCOVA (adjusted for energy intake).
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be influenced by this matter. In a case-control study by 
Menegotto et al, there was a positive association between 
a high DED at lunch and metabolic syndrome in patients 
with T2DM.38 The findings of Menegotto and colleagues’ 
study were restricted to only energy density at lunch and 
overall DED score was not evaluated. Vernarelli et al 
concluded that DED is not associated with FBS levels in 
the U.S population. From the view point of changes in FBS 
levels, our study was in line with Vernarelli et al study.39 
Population-based cohort study by Hu et al, demonstrated 
that lower energy-dense diets did not inversely associate 
with weight gain. However, it showed a weak potentially 
positive effect on abdominal obesity prevention.40 In 
contrast to the aforesaid study, we did not observe an 
association between anthropometric indices and DED 
score. Although weight, BMI and WC in the group with 
higher score of DED was slightly more than the lower one, 
no statistically significant differences were found between 
two DED categories. The mean of DED, energy intake 
and taking anti-diabetic medications of the study groups 
can be involved in different results. On the whole, high-
dense diet possess lower dietary fiber, higher energy, fat 

and simple carbohydrate; therefore higher risk for CVD 
is expected following energy-dense diets. Furthermore, 
differences in disease background, age range, medications, 
cut off points for DED and total energy intake might be 
led to such discrepancy results. 

In the present study, no association was found 
between DDS and biochemical parameters. Additionally, 
anthropometric indices were not associated with this 
dietary index. Our findings were in line with a recent 
systematic review and meta-analysis study. It revealed 
that there was no significant association between 
DDS and BMI.41 Using different methods for dietary 
assessment and scoring for dietary diversity might cause 
various results among studies. However, due to the design 
of the present study (cross-sectional), the cause and effect 
relationship between DDS and anthropometric indices 
remained unclear.

Overall, DDS is calculated based on diversity score of 
seven food groups. It is greatly importance to know which 
food group plays a determinative role in the total score of 
dietary diversity. For instance, if it is related to high intake 
of healthy foods including fruits, vegetables and whole 

Table 4. Dietary intake based on the categories of DASH, AHEI and Mediterranean dietary diets

Variables

DASH
P 

valuec

AHEI

P valuec

Mediterranean

P valuec
Low

(n = 235)
High

(n = 191)
Low

(n = 155)
High

(n = 179)
Low

(n = 220)
High

(n = 163)

Total energy 
(kcal/day)

1721 (1208, 1908)a 1742 (1331, 1928) 0.1b 1670 (993, 1894) 1781 (1565, 1963) 0.001b 1667 (1185, 1829) 1886 (1550, 2024) 0.0001b

Carbohydrate 
(g/day)

235.8 (195.3, 
296.4)

218.7 (181.8, 
264.2)

0.002
231.9 (195.3, 

309.5)
230.5 (199.2, 

269.3)
0.2 216.1 (187.5, 270.8) 243.9 (200.1, 272.1) 0.001

Protein (g/day) 58.7 (48.8, 89.8) 57.4 (48.4, 71.7) 0.3 58.8 (48.7, 92.6) 55.7 (46.6, 65.6) 0.01 55.0 (45.2, 71.3) 60.6 (52.6, 88.1) 0.0001

Fat (g/day) 67.7 (51.6, 88.6) 73.8 (54.7, 91.1) 0.1 67.7 (50.5, 85.8) 70.8 (54.3, 88.7) 0.4 66.8 (48.1, 84.6) 84.2 (65.0, 99.2) 0.0001

Dietary fiber 
(g/day)

14.2 (11.4, 21.2) 14.1(11.2, 19.3) 0.5 12.8 (10.4, 19.8) 14.4 (11.8, 17.7) 0.1 13.3 (10.9, 19.6) 15.5 (13.0, 21.8) 0.0001

PUFA (g/day) 20.4 (14.5, 20.4) 21.0 (14.1, 26.9) 0.6 19.6 (13.2, 26.4) 22.7 (16.4, 28.6) 0.01 20.9 (13.3, 27.2) 21.7 (15.4, 27.7) 0.4

SFA (g/day) 15.2 (11.9, 21.6) 15.8 (12.1, 20.8) 0.3 15.6 (12.1, 21.8) 15.1 (11.8, 18.8) 0.1 14.7 (10.7, 19.9) 18.2 (13.9, 18.2) 0.0001

Vitamin B1(mg/
day)

1.3 (1.1, 1.5) 1.3 (1.1, 1.6) 0.06 1.2 (1.0, 1.4) 1.3 (1.1, 1.5) 0.01 1.2 (1.0, 1.4) 1.4 (1.2, 1.8) 0.0001

Vitamin B6 
(mg/day)

1.2 (0.9, 1.9) 1.2 (0.9, 1.5) 0.1 1.2 (0.9, 2.4) 1.2 (0.9, 1.5) 0.1 1.2 (0.9, 1.8) 1.2 (1.0, 1.6) 0.7

Vitamin C (mg/
day)

51.9 (27.2, 85.5) 55.2 (28.4, 82.8) 0.9 46.9 (22.3, 77.7) 63.5 (40.5, 93.5) 0.02 49.0 (26.3, 81.8) 52.9 (26.0, 84.5) 0.6

Vitamin E (mg/
day)

4.8 (0.9, 23.0) 17.2 (2.1, 26.9) 0.001 2.4 (0.5, 22.6) 16.4 (2.1, 25.6) 0.001 3.7 (1.1, 23.2) 21.1 (10.9, 27.6) 0.0001

Zinc (mg/day) 6.1 (3.8, 7.5) 6.3 (4.6, 7.9) 0.1 5.8 (3.5, 7.3) 7.0 (5.4, 8.2) 0.5 5.8 (3.8, 7.3) 7.0 (5.2, 8.1) 0.1

Calcium (mg/
day)

441.9 (257.4, 
597.1)

454.3 (342.9, 
637.3)

0.03
441.9 (235.9, 

614.7)
473.7 (350.4, 

638.4)
0.8 414.9 (273.3, 557.0) 462.6 (266.7, 633.6) 0.4

Total grain (g/
day)

250.0 (188.0, 
320.2)

286.5 (205.0, 
357.7)

0.01
248.5 (185.9, 

318.5)
292.0 (220.0, 

357.0)
0.03 260.0 (195.0, 335.0) 290.0 (208.5, 364.5) 0.4

Total 
vegetables (g/
day)

100.0 (70.0, 152.0) 153.0 (97.2, 223.0) 0.001 85.0 (63.0, 127.0)
149.0 (99.0, 

211.0)
0.001 97.5 (70.0, 145.7) 153.0 (99.0, 217.0) 0.001

Total fruits (g/
day)

85.0 (0.0, 155.0) 145.0 (98.5, 194.2) 0.001 75.0 (0.0, 130.0)
155.0 (115.0, 

215.0)
0.001 105.0 (25.0, 150.0) 152.5 (96.2, 215.0) 0.001

Total meat (g/
day)

50.0 (37.0, 70.0) 47.5 (32.0, 75.0) 0.3 53.0 (40.0, 72.0) 45.0 (30.0, 67.0) 0.1 47.0 (34.2, 63.0) 55.0 (40.0, 82.5) 0.004

Total cereal (g/
day)

0.0 (0.0, 12.0) 23.0 (12.0, 40.0) 0.001 5.0 (0.0, 12.0) 17.0 (10.0, 35.0) 0.001 8.5 (0, 15.0) 18.0 (10.0, 37.2) 0.001

Total dairy (g/
day)

65.0 (30.0, 115.0) 105.0 (55.7, 155.0) 0.001 90.0 (45.0, 130.0) 90.0 (35.0, 135.0) 0.8 101.5 (57.2, 135.0) 64.5 (30.0, 113.7) 0.01

aMedian (25th, 75th) , b Independent t-test; cANCOVA (adjusted for energy intake).
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grain, the possibility for obesity due to consumption 
of such foods are low. However, high diversity in the 
consumption of unhealthy foods can be a consequence of 

obesity.42 Given that, adherence to high dietary diversity 
diet is not always related to higher anthropometric 
indices. In the present study, we also reported the ratio 
of DDS to DED and we did not find any association with 
biochemical parameters. As this ratio clarify the DDS 
considering energy density of diet it can be more useful 
than DDS alone.

In the present study, no association was found 
between adherence to high-quality diets and biochemical 
parameters. However, a systematic review revealed that 
long-term interventions (more than 16 weeks) of DASH 
diet can improve the glycemic status.43 Azadbakht et al also 
concluded that DASH diet can improve glycemic status 
and serum levels of LDL-C and HDL-C with no changes 
in TC and TG concentrations after 8- week intervention 
among patients with T2DM.44 From glycemic status point 
of view, our study was in line with Liese et al study.45 They 
indicated that there was an association between LDL-C 
concentrations and adherence to DASH diet, whereas no 
relationship was found for DASH dietary pattern, glycemic 
status and other lipid profiles in American young patients 
with T2DM.45 A cross-sectional study revealed that patients 
with T2DM in the top tertile of Mediterranean (score 6-9) 

Table 5. Biochemical parameters based on dietary indices in the study participants

FBS (mg/dL) HbA1c (%) TC (mg/dL) TG (mg/dL) LDL-C (mg/dL) HDL-C (mg/dL) AST (U/L) ALT (U/L)

DDS

Low (n = 211) 136.0 ± 43.9a 7.3 ± 1.4 184.50 ± 37.3 130.0 (91.5, 183.7) 95.7 ± 24.1 43.8 ± 9.8 19.0 (16.0, 23.0)b 20.0 (16.0, 27.0)

High (n = 215) 137.7 ± 45.1 7.3 ± 1.4 182.2 ± 37.6 148.0 (107.5, 186.0) 95.0 ± 23.3 44.7 ± 9.0 20.0 (17.0, 25.0) 19.0 (15.0, 27.0)

P value c 0.7 0.5 0.5 0.5 0.8 0.3 0.9 0.6

ED

Low (n = 212) 135.1 ± 45.0 7.2 ± 1.4 179.9 ± 37.8 132.0 (100.0, 184.7) 92.7 ± 23.6 44.8 ± 9.9 19.0 (16.2, 24.0) 20.0 (17.0, 24.5)

High (n = 214) 138.9 ± 43.9 7.4 ± 1.3 186.9 ± 36.7 144.5 (102.7, 186.0) 98.1 ± 23.4 43.6 ± 8.7 19.5 (15.0, 26.0) 20.0(16.0, 29.0)

P value 0.3 0.1 0.02 0.3 0.02 0.1 0.6 0.1

DDS/ED

Low 136.8 ± 46.4 7.3 ± 1.3 183.1 ± 38.3 135.5 (102.0, 180.5) 94.7 ± 24.2 44.1 ± 11.2 19.0 (17.0, 23.0) 20.0 (16.0, 27.7)

High 136.6 ± 43.5 7.3 ± 1.5 182.7 ± 40.0 141.0 (100.0, 198.0) 95.2 ± 25.6 46.1 ± 32.6 20.0 (17.0, 25.7) 19.5 (15.0, 26.7)

P value 0.5 0.5 0.6 0.8 0.4 0.4 0.4 0.1

DASH

Low 138.0 ± 44.4 7.3 ± 1.4 183.8 ± 40.8 135.5 (102.0, 180.5) 96.2 ± 25.3 45.4 ± 31.6 19.0 (17.0, 23.0) 20.0 (16.0, 27.7)

High 135.2 ± 45.5 7.2 ± 1.5 181.7 ± 36.8 141.0 (100.0, 198.0) 93.4 ± 24.2 44.7 ± 9.8 20.0 (17.0, 25.7) 19.5 (15.0, 26.7)

P value 0.1 0.2 0.2 0.3 0.07 0.4 0.4 0.9

Mediterranean

Low 138.5 ± 46.5 7.3 ± 1.4 183.0 ± 40.8 138.5 (100.0, 187.7) 95.2 ± 25.1 45.9 ± 32.2 19.0 (16.0, 24.0) 20.0 (15.0, 28.0)

High 133.8 ± 43.2 7.3 ± 1.5 182.7 ± 34.6 138.5 (104.2, 184.7) 94.5 ± 23.6 44.4 ± 11.3 20.0 (17.0, 24.7) 20.0 (16.0, 27.0)

P value 0.4 0.2 0.4 0.8 0.4 0.4 0.6 0.5

AHEI

Low 140.2 ± 47.6 7.3 ± 1.5 181.7 ± 44.1 138.0 (92.0, 187.0) 93.7 ± 26.5 46.6 ± 38.4 20.0 (16.7, 25.2) 21.0 (16.0, 30.0)

High 134.1 ± 43.1 7.3 ± 1.4 184.1 ± 36.9 144.0 (108.0, 192.0) 96.5 ± 23.8 43.6 ± 9.2 20.0 (17.0, 24.0) 19.0 (15.0, 26.0)

P value 0.1 0.3 0.8 0.6 0.8 0.2 0.1 0.3
a Mean ± SD; b Median (25th, 75th); c ANCOVA (adjusted for energy intake, macronutrients, age, duration of diabetes, physical activity, body mass index, waist 
circumference, medications).

Table 6. The association of depression risk with the dietary quality indices 
categories in the study participants

Dietary index Category 95% CI P valuea†

DDS
Low 1.0

0.83
High 1.0 (o.69, 1.49)

ED
Low 1.0

0.33
High 0.91 (0.62, 1.34)

DDS/ED
Low 1.0

0.20
High 0.81(0.55, 1.18)

DASH
Low 1.0

0.67
High 1.08 (0.74, 1.60)

AHEI
Low 1.0

0.72
High 1.08 (0.70, 1.66)

Mediterranean
Low 1.0

0.76
High 1.06 (0.70, 1.50)

Reference group = normal subjects; CI: Confidence Interval.
†Binary Logistic Regression
aAdjusted for age, menopause status, duration of diabetes, medications, 
energy intake, physical activity level, body mass index.
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diet had lower HbA1c concentrations compared to those 
in the bottom tertile.46 However, we did not found any 
association. Based on a meta-analysis, Mediterranean diet 
may play a protective role against CVD compared to usual 
diet.47 However, in our study there was no intervention 
and we only examine the score for Mediterranean diet in 
a certain period of time. A follow-up was needed to clarify 
this issue. On the other hand, there is no definite cut off 
points for dietary quality indices, each study considered 
different ranges. This parameter along with differences in 
the mean of dietary quality indices can play a promising 
role in different findings.

Overall, the mean scores for all dietary patterns in our 
study population were lower than previous studies. It 
means that adherence to healthy diets was generally low. 
Therefore, cut off points that were considered as lower and 
higher than median score, could not clarify the differences 
among individuals with different dietary patterns. Our 
study population did not receive any diabetic diets and 
it seems that their information about the effects of diet 
on metabolic status was substantially low. Based on a 
systematic review, Mediterranean and DASH diets may 
prevent heart failure and improve CVD risk factors. 
However, these findings were obtained from studies that 
most of them had low methodological quality.48 Therefore, 
considering the quality in the interpretation of the results 
are important.

Several prior studies have linked depression to non-
adherence with diabetes treatments, which can include 
diet, exercise and the use of medications.18 The mutual 
effects of DM and depression present a substantial 
clinical challenge, as the outcome of each is aggravated 
by the presence of the other. The prevalence of depression 
(41.3%) in the present study was relatively similar to 
the prevalence in Palestine (40.2%)49 and Saudi Arabia 
(49.6%)50 among patients with T2DM. However, the 
depression rate was considerably lower in Korea (28.8%)51 
and Basque (9.8%)52 compared to our findings.

To the best of our knowledge, no studies have examined 
the association of DDS, DED, and depression. However, 
prior studies assessed whether depression can be 
attributed to dietary intake. There are discrepancy results 
in this association. A systematic review by Sparling et al 
revealed the protective effects of several healthy dietary 
patterns on depression. However, it emphasized that 
due to methodological differences across the studies 
we cannot draw a certain conclusion in this regard.53 
Based on a recent meta-analysis although high-quality 
diets are linked with a lower risk for depression, not 
all available studies are in line with this hypothesis and 
many confounding factors can affect this associations.54 
Therefore, methodological differences and confounding 
factors are two main causes for inconsistence findings. 
Based on the National Health and Nutrition Examination 
Study in adult population, a healthy dietary pattern can 

reduce the symptoms of depression in patients with 
T2DM by 32%.27 The importance of healthy diets on 
depressive symptoms can be explained by their effects 
on metabolic status. Dietary patterns can affect serum 
levels of hormones including insulin, leptin and, ghrelin. 
Inflammation and oxidative stress are two main factors 
that impact upon the risk for depression and can be 
controlled by dietary patterns).55 In the present study, we 
found no significant association of depression, DED and 
DDS. Higher DDS and lower DED mostly are associated 
with the consumption of healthy foods. However, in the 
present study, mean DDS was lower than reported scores 
in the previous studies on healthy subjects; thereby, we 
did not observe an association between DDS or DED 
and depression. A systematic review revealed that there 
was limited evidence supporting an association between 
healthy diets and depression, and more studies are needed 
to clarify this association.56 As each healthy dietary pattern 
considers different dietary items and there are various 
methods for scoring, this association remained unclear. 

However, a meta-analysis indicated that high 
adherence to Mediterranean diet was inversely linked 
with depression.57 Valipour et al found that there was 
an inverse link between moderate adherence to DASH 
diet (score range: 41-50) and depression in Iranian 
population, while the score of less than 41 for DASH 
dietary pattern showed no association.58 Perez-Cornago 
et al also reported that in a cohort study, moderate 
adherence to DASH diet reduced the risk of depression 
during 8 years of follow up.59 The two aforementioned 
studies revealed that the mean score of adherence to 
healthy diets is more important than assignment in the 
top or bottom tertile. As the current study was a cross-
sectional study, no intervention including nutritional 
education was presented. Therefore, only the association 
between depression and usual diet was examined. Due to 
mean score of healthy diets, generally low adherence to 
healthy diets existed among our study population. 

A meta-analysis showed that Mediterranean diet is 
associated with reduced risk for depression 57. Based on 
Olveira et al study, patients with bronchiectasis who 
highly adhered to Mediterranean diet experienced less 
depression symptom.60 Adibade et al also demonstrated 
that French women who adhered to Mediterranean diet 
had the lower risk for the incident of depression.61 Saneei 
et al also indicated that in young subjects (less than 40 
years old) with high adherence to altered healthy eating 
index-2010, depression was identified in fewer individuals 
than those with lower adherence.62 However, Exebio et al 
showed that patients with T2DM who had a greater healthy 
eating index (HEI) score suffered from more depressive 
symptoms.63 They suggested that other parameters such 
as age and physiological factors can be involved in the 
incidence of depression. Type of depression, depression 
causes, age and other environmental factors can play roles 
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in the incidence of depression. Furthermore, the types 
of index related to dietary intake and its mean score can 
impact upon the association.

As our study was on women, the findings cannot be 
generalized to men in our society due to the effects of 
sex differences on our interest outcomes. However, 
in the present study women can be considered as a 
representative of women with T2DM that controlled 
their glycemic status well. Because they were chosen from 
different regions of a city and might cover different social, 
economic and educational status. However, it is likely 
to observe different results in women with other ranges 
of age. Therefore, more studies in both genders with 
different ranges of HbA1c and age are needed in various 
societies.

The present study had several limitations. First, 
we used a cross-sectional study design to identify the 
association of dietary quality indices with CVD risk 
factors and depression. This study design did not allow 
us to examine cause-effect associations. Second, due to 
study on only women, the interested associations were 
remained unclear in men populations. Third, there was 
a narrow range for all dietary quality indices compared 
to the previous studies and their mean score was lower 
than previous studies which could not identify the 
differences between higher and lower score, thoroughly. 
However, our study had several strengths. We evaluated 
the association of DDS, DED and depression in T2DM 
for the first time. Data were controlled for several known 
potential confounders which influenced the association. 
The effects of other dietary quality indices in studies with 
prospective design are suggested for the future research. 
Furthermore, the adaptation of the current dietary quality 
indices for patients with T2DM can be more helpful to 
clarify the association of diet with physiological and 
psychological disorders.

Conclusion
The present study showed that there was a positive 
association between the DED score and the serum levels 
of TC and LDL-C, whilst no association was found for 
other dietary quality indices, biochemical parameters 
and the risk for depression in patients with T2DM. 
Given that, efforts to reduce the energy density of diets 
by emphasizing using higher sources of fiber including 
cereals, vegetable and some fruits and controlling total 
energy intake may be helpful. Due to low-quality diet 
among the study population, nutritional education is 
recommended. Further studies are needed to identify the 
association between dietary quality indices and the risk of 
depression in patients with T2DM.
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