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ABSTRACT

Background: Over the past few decades, the association between dietary 
patterns and chronic diseases, such as cardiovascular diseases and their risk 
factors, has garnered significant attention. Therefore, this study examined 
the relationship between dietary patterns, lipid profile, and anthropometric 
indices among adults aged 30 to 75 in the rural population of Iran.
Methods: This descriptive-analytical cross-sectional study included 5,220 
participamts (3,467 females and 1,753 males) in Fasa adult rural population, 
Southern Iran as a cohort of Prospective Epidemiological Research 
Studies in Iran (PERSIAN). Lipid profile and anthropometric indices 
were measured using standard methods. Nutritional data were collected 
through a semi-quantitative, 125-item food frequency questionnaire 
(FFQ). Dietary patterns were identified through factor analysis. 
Results: After adjusting for potential confounders, the mean percentages 
of fat, fat mass, and lean body mass were significantly higher in the highest 
tertile of the healthy dietary pattern when compared to the first tertile 
(p<0.001 for all, except for lean body mass). However, in the adjusted model, 
the highest tertile of the unhealthy food pattern was associated with a higher 
mean high-density lipoprotein cholesterol (HDL-C) level (p<0.001) and a 
lower mean percentage of fat (p=0.025) in comparison to the first tertile.
Conclusion: This study suggests that a healthy diet may not always offer 
protection against cardiovascular disease risk factors. However, further 
prospective studies in different geographical regions are required to draw 
more definitive conclusions.
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Introduction
Cardiovascular diseases (CVDs) are still the most 
leading cause of death worldwide (1) and impose a 
substantial socioeconomic burden on governments 
(2, 3). Similarly, in Iran, CVD have been identified 
as the primary cause of mortality and disability 
(4). The risk factors of CVD can be categorized 
into two groups of (i) non-modifiable factors, such 
as age, gender, race, ethnicity, family history, 
socioeconomic status; and (ii) modifiable factors, 
such as dietary habits, weight gain, low physical 
activity, stress, smoking, alcohol consumption, and 
health conditions like diabetes, hypertension and 
hyperlipidemia (5). It was shown that about 80% 
of CVD-related death can be prevented through 
lifestyle modifications, with diet being the most 
impactful factor (6). As a modifiable risk factor, 
diet has recently gained significant attention, 
with increasing efforts directed toward nutritional 
interventions (7, 8).

Most previous studies examining the relationship 
between diet and CVD risk factors have focused 
on individual nutrients or single foods rather than 
assessing overall dietary patterns (DPs). However, 
nutrients are not consumed in isolation; meals 
comprise a variety of foods, resulting in complex 
combination of macronutrients and micronutrients 
(9, 10). Previous studies investigating the association 
between DPs and various CVD risk factors using 
reduced rank regression (RRR) have predominantly 
been conducted in North America and Europe. These 
studies primarily focused on pathways involving 
disease-related inflammatory biomarkers (11), serum 
lipids (12), and nutrient intakes (13). Eating habits 
vary significantly between the Middle East and 
the West (14), yet only a limited number of studies 
focus on Middle Eastern populations. Therefore, we 
conducted this study to investigate the association 
between major DPs and CVD risk factors among 
adults in the rural population of Fasa.

Materials and Methods 
This cross-sectional study builds upon findings 
from a cohort study conducted in Fasa, Fars 
province, Southern Iran as a cohort of the 
Prospective Epidemiological Research Studies 
in Iran (PERSIAN), which investigates non-
communicable diseases (NCDs) over time. Initially, 
healthcare workers (Behvarz) at each health house 
in villages and small towns explained the study’s 
objectives to potential participants and invited them 
to participate according to the study protocol. The 
study included 11,097 individuals aged between 35 
and 70 who resided in the rural area of Sheshdeh, 
Fasa, Southern Iran as well as residents from 24 

surrounding villages in the city This study was 
conducted in accordance with the ethical standards 
of the Declaration of Helsinki and was approved 
by the Medical Research and Ethics Committee of 
Shiraz University of Medical Science (IR.SUMS.
REC.1399.392). All participants read and signed 
the informed consent form.

The inclusion criteria for the study were willingness 
to participate, being aged between 30 and 75 years, and 
residing in the Sheshdeh region of Fasa city, Southern 
Iran. Participants who declined to cooperate, failed to 
complete the questionnaire (n=4697), did not undergo 
physical and biochemical assessments (n=871), or 
reported daily energy intake outside the range of 800 
to 4200 kcal (n=309) were excluded from the study. 
Ultimately, 5,220 men and women were included in 
the final analysis. The general information checklist 
was completed through interviews and included 
personal details such as age (in years), gender (male 
or female), physical activity (MET/day), educational 
level (in years), dietary habits, and anthropometric 
data. In addition, the study utilized checklists to gather 
information on participants health issues related to 
NCDs, as well as their alcohol consumption or 
smoking habits. Physical activity was also recorded. 
Participants were instructed to bring their medications 
to ensure accurate documentation of their medication 
history during the interview.

Initially, the participant’s weight was measured 
using a SECA scale, with minimal clothing and 
without shoes, to the nearest 0.1 kg. Height was 
recorded without shoes using a tape measure with an 
accuracy of 0.1 cm. Body mass index (BMI) was then 
calculated by division of weight (kg) by height square 
(m2). Waist circumference (WC) was determined in 
the narrowest point of the waist, and hip circumference 
(HC) around the broadest part, using a non-stretchable 
tape to the nearest 0.1 cm. Also, body fat mass 
percentage, non-fat mass, and fat mass distribution 
in the trunk, hands, and leg were evaluated using the 
BIA device (Tanita BC-418, Tanita, Tokyo, Japan). A 
25 mL of blood samples were collected after 12 hours 
of fasting. Fasting blood glucose (FBS) and serum 
lipid concentration, including triglyceride (TG), total 
cholesterol (TC), low- and high-density lipoprotein 
cholesterol (LDL-C and HDL-C), were measured 
using an autoanalyzer device with the colorimetric 
method and Pars azmoone kits. 

A 125-item Food Frequency Questionnaire 
(FFQ) with Willet format, adapted for Iranian 
dietary habits, was used to assess dietary intake (15). 
Participants reported the frequency of consumption 
for each food item, based on its standard size, over 
the last year, categorized as daily, weekly, monthly or 
annually. Finally, an updated version of Nutritionist 
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IV software was used to estimate the mean intake of 
energy and nutrients. Principal component analysis 
(PCA) was performed to identify DPs. To reduce 
complexity, the 125 food items were grouped into 27 
categories: refined and whole grains, nuts, legumes 
and soy, poultry, fish, red meat, processed food, 
miscellaneous animal-based foods, dairy products, 
cheese, egg, saturated fats, liquid oil, olive, green 
vegetables, yellow vegetables, other vegetables, 
tomato, fruits, fruit juice, dried fruits, pickles, salt, 
snacks, drinks, sweets and desserts, tea and coffee, 
and sauces and condiments.

Factor loadings were used to calculate the 
contribution of each food group to the DPs, and 
the correlation between food groups and DPs 
was assessed. Kaiser–Meyer–Olkin (KMO) and 
Bartlett’s tests were performed for data reduction. 
Based on previous studies, a factor loading of 0.2 or 
higher was considered significant. The KMO value 
was 0.761, and Bartlett’s test of sphericity was also 
significant (p<0.001) (Table 1). Finally, individuals 
were classified into tertiles based on their DPs. Two 
patterns were identified in our analysis: healthy and 
unhealthy DPs. According to the factor loading 
table, the healthy pattern included legumes and soy, 

nuts, red meat, poultry, fish, miscellaneous animal-
based foods, dairy products, cheese, fruits, fruit 
juices, green vegetables, yellow vegetables, other 
vegetables, tomatoes, pickles, salt, dried fruits, 
and sauces and condiments. The unhealthy pattern 
included refined grains, whole grains, processed 
foods, eggs, saturated fats, olives, snacks, beverages, 
sweets and desserts, and tea and coffee.

In this study, all statistical analyses were 
performed using the Statistical Package for the Social 
Sciences (SPSS) software (version 22, Chicago, IL, 
USA). The normality of variables was first assessed 
using the Kolmogorov-Smirnov test. Baseline 
characteristics were presented as mean±standard 
deviation (SD) for continuous variables and 
percentage for categorical variables. To compare 
quantitative variables, such as macronutrients 
and micronutrient intake, nutrients were energy-
adjusted using the residual method. The one-way 
ANOVA test was then applied. To determine the 
exact observed relationship between groups, post 
hoc analysis was performed utilizing Bonferroni 
test. Additionally, the ANCOVA test was employed 
to examine the mean distribution of lipid profile and 
anthropometric indices across DPs in both crude and 

Table 1: Factor loading and scattering matrices expressed for dietary patterns determined by the factor loading method.
Food groups Healthy pattern Unhealthy pattern
Refined grains 0.26 0.48
Whole grains - -0.35
Legumes and soy 0.42 -
Red Meat 0.37 -
Processed food 0.29 0.38
Poultry 0.39 -
Fish 0.39 -
Egg 0.27 0.39
Miscellaneous animal-based foods 0.41 -
Dairy products 0.44 -0.18
Cheese 0.30 -
Saturated fats 0.20 0.42
Liquid oil - -
Olive 0.24 0.32
Nuts 0.44 -
Fruits 0.64 -0.21
Fruit juice 0.43 -0.25
Green vegetables 0.28 -
Yellow vegetables 0.40 -0.23
Other vegetables 0.55 -
Tomato 0.41 -
Pickles 0.40 -
Salt 0.23 0.32
Snacks, drinks, sweets, desserts 0.42 0.46
Tea and coffee - 0.36
Dried fruits 0.37 -0.32
Sauces and condiments 0.32 -
Percentage of variance justified 13.56 7.1
A factor load more significant than 0.20 was considered. The factor analysis method has been used to extract food patterns.
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adjusted models, with adjustment for gender (male/
female), age (years), BMI (kg/m2), energy (kcal/
day), fiber intake (g/day), and education (years). The 

chi-square or Fisher’s exact test was also used to 
compare categorical variables. A p value of less 
than 0.05 was considered statistically significant.

Table 2: Baseline characteristics of the study participants.
Quantitative ariables Mean±standard deviation
Age (year) 49.88±9.78
Weight (kg) 65.67±13.08
Height (cm( 159.88±9.11
BMI (kg/m2) 25.8±4.97
Waist circumference (cm) 93.61±12.04
Hip circumference (cm) 99.63±9.21
Wrist circumference (cm) 16.54±1.31
Education (year) 4.43±3.94
Categorical variables Number (percent)
Gender (number (%))
Man
Female

3467 (66.40)
1753 (33.60)

Marital status (number (%))
Single
Married
Dead wife (widow)
Divorced

216 (4.10)
4492 (86.10)
457 (8.70)
55 (1.10)

kg: Kilogram; cm: Centimeter; BMI: Body mass index. Values were reported as mean SD for continuous and percentage 
for categorical variables.

Table 3: Baseline characteristics of the study participants based on the healthy and unhealthy food pattern tertiles.
Variable Healthy dietary pattern P 

value
Unhealthy dietary pattern P 

valueLow 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Low 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Age (year) * 50.30± 
9.90a

49.91±  
9.77a

49.41± 
9.65b

0.027 52.58± 
9.83a

49.59± 
9.56b

47.46± 
9.26c

≤0.001

Weight (kg) * 62.97± 
12.59a

65.32± 
13.01b

68.73± 
12.99c

≤0.001 65.05± 
12.51a

65.87± 
13.33a

66.09± 
13.36a

0.048

Height (cm)* 159.16± 
8.64a

159.09± 
9.15a

160.59± 
9.46b

≤0.001 157.13± 
7.49a

159.1± 
9.07b

162.59± 
9.77c

≤0.001

BMI (kg/m2) * 24.9±  
4.84a

25.82± 
4.92b

26.67± 
4.92c

≤0.001 26.35± 
4.77a

26.01± 
5.01a

25.04± 
5.03b

≤0.001

Waist circumference 
(cm)*

91.53± 
12.05a

93.59± 
12.03b

95.71± 
11.67c

≤0.001 95.43± 
11.70a

93.97± 
11.95b

91.44± 
12.09c

≤0.001

Hip circumference 
(cm)*

98.01± 
8.98a

99.42± 
9.25b

101.46± 
9.07c

≤0.001 100.02± 
9.01a

100.04± 
9.50a

98.82± 
9.07b

≤0.001

Wrist circumference 
(cm)*

16.33± 
1.28a

16.49± 
1.25b

16.8± 1.34c ≤0.001 16.37± 
1.30a

16.53± 
1.29b

16.71± 1.31c ≤0.001

Education (year)* 3.99± 3.78a 4.38± 3.88b 4.93± 4.09c ≤0.001 3.60± 3.81a 4.44± 3.79b 5.26± 4.03c ≤0.001
Gender (number (%))&

Man
Female

34.5%
65.5%

31.9%
68.1%

34.3%
65.70%

0.023
18.5%
81.5%

30.2%
69.8%

52%
48%

≤0.001

Marital status 
(number (%)) &

Single
Married
Dead wife (widow)
Divorced

5.1%
83.8%
9.6%
1.4%

3.6%
86%
9.4%
1%

3.7%
88.3%
7.3%
0.7%

0.005

4.7%
80.6%
13.5%
1.2%

4%
86.3%
8.6%
1.1%

3.7%
91.3%
4.2%
0.8%

0.001

kg: Kilogram; cm: Cntimeter; BMI: Body mass index. Values were presented as mean±SD for continuous variables or 
as percentage for categorical variables. * Using One-way ANOVA test for continuous variables. & Using chi-square test 
for categorical variables. One-way ANOVA test followed by Bonferony test was used for post Hoc analysis. Means with 
same superscript letters (aa, bb or cc) were not significantly different (p>0.05). Significant values were shown in bold.
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Results
Data from 5220 participants, including 1753 males and 
3467 females, were included into the final analysis. 
The baseline characteristics of the participants were 
shown in Table 2. According to Table 3, in the healthy 
food pattern, the mean age in the last tertile was 
significantly lower than in the first tertile (p=0.027). 
However, the mean weight, height, BMI, WC, HC, and 
educational level in the last tertile were significantly 
higher than in the first tertile (p<0.001 for all). In the 
unhealthy food pattern, the mean age, BMI, WC, and 
HC in the last tertile were significantly lower than in 
the first (p<0.001). However, the mean weight, height, 
WC, and education in the third tertile of this pattern 
were significantly higher in the first tertile (p<0.001 
for all, except for weight).

In the healthy food patterns, the average intake 
of energy, protein, total fat, fiber, monounsaturated 
fatty acids (MUFAs), and polyunsaturated fatty acids 
(PUFAs) were significantly higher in the last tertile. 
On the other hand, the mean intake of carbohydrates, 
trans and saturated fatty acids (SFAs) and cholesterol 
in the last tertile were significantly lower than in 
the first one (p<0.001 for all). In the unhealthy food 
pattern, the average intake of energy, total fat, trans 
fatty acids, SFAs, cholesterol, MUFAs, and PUFAs 

in the third tertile were significantly more than in 
the first tertile (p<0.001 for all, except for trans 
fatty acids and cholesterol). Conversely, the average 
intake of carbohydrates, protein, and fiber in the last 
tertile were significantly lower than in the first tertile 
(p<0.001) (Table 4).

As shown in Table 5, in the healthy food patterns, 
the mean level of triglycerides, cholesterol, percentage 
of fat, fat mass, and lean body mass in the last tertile 
were significantly higher than in the first tertile in the 
crude model (p<0.001 for all, except for cholesterol). 
However, after adjusting for potential confounders, 
in the last tertile of the healthy pattern, the mean 
percentage of fat, fat mass, and lean body mass 
remained significantly higher when compared to 
the first tertile (p<0.001 for all, except for lean body 
mass). Moreover, in the crude model, the mean level of 
cholesterol (p=0.026), percentage of fat (p<0.001), and 
fat mass (p<0.001) were significantly lower, whereas 
LDL-C (p=0.034) and lean body mass (p<0.001) were 
significantly higher in the last tertile of unhealthy food 
pattern in comparison to the first tertile. However, in 
the adjusted model, compared to the first tertile of 
the unhealthy food pattern, a higher mean level of 
HDL-C (p<0.001) and a lower mean percentage of fat 
(p=0.025) were seen in the last tertile.

Table 4: The amount of energy, macronutrients and micronutrients intake of study participants based on the healthy 
and unhealthy food pattern tertiles.
Variable Healthy dietary pattern P value Unhealthy dietary pattern P value

Low 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Low 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Energy (Kcal/
day)

2173.07± 
677.91a

2538.20± 
617.34b

3074.22± 
826.76c

≤0.001 2207.64± 
656.23a

2464.00± 
631.55b

3113.22± 
817.94c

≤0.001

Carbohydrate 
(g/day)

442.03± 
40.09a

435.53± 
42.52b

435.49± 
49.94c

≤0.001 450.22± 
30.47a

439.16± 
36.50b

423.22± 
57.43c

≤0.001

Protein (g/day) 73.44± 
11.56a

77.53± 
10.72b

81.52± 
14.56c

≤0.001 79.02± 
8.83a

76.81± 
10.80b

76.73± 
17.24c

≤0.001

Fat (g/day) 63.06± 
16.92a

65.23± 
18.68b

65.92± 
20.43c

≤0.001 59.02± 
20.03a

64.35± 
22.65b

70.79± 
32.65c

≤0.001

Fiber (g/day) 21.61± 
5.31a

25.70± 
5.63b

32.78± 
9.95c

≤0.001 28.45± 
8.16a

27.33± 
8.15b

24.39± 
9.01c

≤0.001

Trans fatty 
acids (g/day)

0.21± 0.16a 0.21± 0.18b 0.20± 0.21c ≤0.001 0.17± 0.12a 0.19± 0.15b 0.26± 0.26c 0.039

SFAs (g/day) 25.96± 
10.58a

25.87± 
11.56b

24.27± 
11.40c

≤0.001 21.27± 
7.54a

25.29± 
9.81b

29.49± 
13.79c

≤0.001

MUFAs (g/day) 18.46± 
5.99a

19.43± 
6.86b

20.01± 
8.27c

≤0.001 17.55± 
5.88a

19.24± 
5.93b

21.29± 
8.73c

≤0.001

PUFAs (g/day) 8.17± 2.86a 9.25± 3.38b 10.63± 
4.59c

≤0.001 9.03± 3.38a 9.29± 3.23b 9.75± 4.65c ≤0.001

Cholesterol 
(mg/day)

245.40± 
109.99a

245.84± 
108.03b

236.39± 
118.82c

≤0.001 192.26± 
72.19a

232.88± 
82.60b

301.82± 
140.40c

0.002

kcal: Kilocalorie; g: Gram; mg: Milligram; SFAs: Saturated fatty acids; MUFA: Mono-unsaturated fatty acids, PUFAs: 
Poly-unsaturated fatty acids. Values were presented as mean±SD. Using One-way ANOVA test for continuous variables. 
One-way ANOVA test followed by Bonferony test was used for post Hoc analysis. Means with same superscript letters 
(aa, bb or cc) were not significantly different (p>0.05). Significant values were shown in bold.
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Discussion
In this cross-sectional study, the results showed a 
direct relationship between greater adherence to 
a healthy DP and the mean of percentage of body 
fat, fat mass and lean body mass. Also, a direct 
relationship was seen between greater adherence to 
an unhealthy DP and mean HDL-C, while a reverse 

relationship was seen between unhealthy DP and 
percentage of fat. These results differ from those 
of some other studies. Sandra et al.’s study found 
that the waist-to-hip ratio (WHR) was significantly 
related to fiber and carbohydrate consumption (16). 
A study by Latorre-Millán et al., involving 674 
children aged 5 to 16 years, reported that healthy 

Table 5: The mean of lipid profiles and anthropometric indices in study participants based on the healthy and unhealthy 
food pattern tertiles.
Variable Healthy dietary pattern P 

value
Unhealthy dietary pattern P 

valueLow 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Low 
adherence
(n=1739)

Medium 
adherence
(n=1741)

High 
adherence
(n=1740)

Lipid Profile
Triglyceride (mg/dL)
Crude model 123.46± 

74.12a
129.52± 
79.85a

135.24± 
83.65b

≤0.001 131.39± 
75.38a

129.66± 
84.36a

127.17± 
78.29a

0.290

Adjusted model1 123.55± 
74.25a

129.53± 
79.90a

135.30± 
83.72a

0.783 131.67± 
75.64a

129.66± 
84.36a

127.12± 
78.26a

0.346

Cholesterol (mg/dL)
Crude model 185.16± 

39.04a
186.84± 
38.68a

189.54± 
41.31b

0.005 188.95± 
40.36a

187.28± 
40.08a

185.32± 
38.66b

0.026

Adjusted model1 185.19± 
39.09a

186.83± 
38.71a

189.57± 
41.22a

0.570 189.00± 
40.39a

187.28± 
40.08a

185.35± 
38.62a

0.542

LDL-C (mg/dL)
Crude model 109.03± 

37.72a
109.08± 
32.75a

109.89± 
34.40a

0.693 110.61± 
35.02a

109.65± 
32.89a

107.73± 
31.87b

0.034

Adjusted model1 109.17± 
32.69a

109.06± 
32.79a

109.94± 
34.30a

0.441 110.76± 
34.98a

109.65± 
32.89a

107.79± 
31.82a

0.835

HDL-C (mg/dL)
Crude model 51.44± 

14.84a
51.80± 
15.84a

52.60± 
17.55a

0.092 51.99± 
14.86a

51.69± 
15.78a

52.16± 
17.60a

0.690

Adjusted model1 51.31± 
14.76a

51.79± 
15.85a

52.57± 
17.53a

0.399 51.85± 
14.74a

51.69± 
15.78a

52.14± 
17.61b

≤0.001

Anthropometric indices
Fat percentage (%)
Crude model 27.84± 

9.98a
29.56± 
9.64b

30.55± 
9.69b

≤0.001 32.09± 
8.61a

29.59± 
9.57b

25.57± 
10.30c

≤0.001

Adjusted model2 27.85± 
9.98a

29.56± 
9.64b

30.55± 
9.69c

≤0.001 32.12± 8.58 29.59± 9.57 25.57± 
10.30

0.025

Fat mass (kg)
Crude model 18.30± 

8.90a
20.02± 
8.77b

21.75± 9.27c ≤0.001 21.63± 
8.57a

20.17± 
9.02b

17.62± 
9.22c

≤0.001

Adjusted model2 18.31± 
8.90a

20.02± 
8.77b

21.75± 9.27c ≤0.001 21.65± 
8.57a

20.17± 
9.02a

17.62± 
9.22a

0.151

Lean Body Mass (kg)
Crude model 45.06± 

7.46a
45.52± 
7.33a

47.51± 8.11b ≤0.001 43.86± 
6.78a

45.71± 7.63b 48.49± 
8.16c

≤0.001

Adjusted model2 45.07± 
7.63a

45.52± 
7.33a

47.51± 8.11b 0.001 43.84± 
6.78a

45.71± 7.63a 48.51± 
8.15a

0.781

mg: Milligram; dL: Decilitre; kg: Kilogram; LDL-C: Low density lipoprotein cholesterol; HDL-C: High density 
lipoprotein cholesterol. Values were presented as mean±SD. Using ANCOVA test for continuous variables. 1Adjusted 
for gender (male/female), age (years), BMI (kg/m2), energy (kcal/day) and fiber intake (g/day), education (years). 
2Adjusted for gender (male/female), age (years), energy (kcal/day) and fiber intake (g/day), education (years). One-way 
ANOVA test followed by Bonferony test was used for post Hoc analysis in crude model. ANCOVA test followed by 
Bonferony test was used for post Hoc analysis in adjusted model. Means with same superscript letters (aa, bb or cc) 
were not significantly different (p>0.05). Significant values were shown in bold.
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DPs were associated with lower abdominal fat 
and reduced CVD risk in both overweight and 
normal-weight children (17). Additionally, a cross-
sectional study on 125 postmenopausal women in 
New Zealand showed that consuming fatty fish, 
sports drinks, and seafood had a significant inverse 
relationship with WC, BMI, and body fat percentage 
(18). Our study is in line with the the results of this 
study (18) that those following healthy DPs with 
higher fish consumption had a smaller WC.

Further evaluations show that, although 
consumption of healthy food groups such as legumes, 
nuts, seafood, and olive oil, along with nutrients like 
fiber, unsaturated fats, vitamins, and various minerals 
increased with greater adherence to healthy DPs, 
the intake of energy, total carbohydrate from fruit 
and juices, and subsequently sucrose and fructose 
also increased. Contrary to expectations and the 
results of previuos studies, this may explain the lack 
of a significant relationship between adherence to a 
healthy eating pattern and the body composition in 
this study (19). Evidence from randomized controlled 
trials (RCTs) and observational studies suggests 
that total carbohydrates intake is neither harmful 
nor beneficial for cardiovascular health (20). One 
study has suggested that the quality of carbohydrates 
may be more important for CVD outcomes than 
carbohydrate quantity. Public health organizations 
recommended limiting free sugars or added sugars to 
5-10% of total daily energy intake. Meta-analyses of 
RCTs in adults showed that reducing free sugar intake 
in an ad libitum diet reduced the total energy intake, 
which was associated with body weight loss (21). 

Finding from the Health Professionals Follow-up 
Research findings suggest that a Western DP with high 
consumption of red meat, processed meat, high-fat 
dairy products, and refined grains is associated with 
coronary heart disease (CHD) mortality but not with 
blood lipid concentrations (10, 22). The results of the 
recent study showed that with the increased adherence 
to a healthy food pattern (i.e., the last tertile), the 
average level of triglycerides, cholesterol, and HDL 
were significantly higher than in the first tertile. 
However, this difference was no longer significant 
after adjusting for confounders. Also, no significant 
relationship was observed in mean LDL before and 
after adjustment for confounders, suggesting that 
adherence to a healthy food pattern does not have a 
significant impact on mean LDL levels. 

Most studies have reported results opposite to 
those of our study. For example, a recent study 
by Najafi et al. on the Iranian urban population 
observed that greater adherence to a healthy eating 
pattern could have a protective effect and increase 
the HDL-C levels (23). Similarly, Ibrahimov et al. 

showed that following a healthy DP, which includes 
consuming more fruits and juices, vegetables, liquid 
oils, and nuts while reducing refined grains, can be 
a key factor in preventing heart disease (24). In 
Haddad et al.’s study, after adjusting for confounding 
factors, only TG level had a direct relationship with 
an unhealthy diet (25). The discrepancy between the 
results of the present study and previous studies is 
likly due to the nature of our study design, as cross-
sectional studies cannot establish cause-and-effect 
relationship.

Followers of a healthy diet pattern in the third 
tertile had significantly higher body weight than those 
in other tertiles. Examination of their diets revealed 
that the high consumption of fruits and vegetables 
in healthy diets increased the intake of B vitamins, 
which can stimulate appetite. As a result, long-term 
consumption of these foods may lead to increased 
energy intake and the weight gain. Additionally, 
these individuals consumed significantly more dairy 
products. It has been suggested that the beneficial 
effects of dairy products, as a primary source of 
calcium, on weight and lipid profiles are most evident 
when low-fat-dairy products are consumed (26-
28). In contrast, the consumption of high-fat dairy 
products can contribute to weight gain. It has been 
reported that most of the dairy products consumed 
in Iran are high-fat, containing more than 2.5% fat, 
which aligns with the greater availability of high-fat 
dairy products among the study participants (29). 

Moreover, our finding showed that in healthy 
DP, average intake of energy, protein, total fat, fiber, 
MUFA and PUFA, and all evaluated micronutrients 
were significantly higher in last tertile. On the other 
hand, the mean intake of carbohydrates, trans and 
SFA, and cholesterol in the last tertile was significantly 
lower than the first tertile. Strong and consistanent 
evidences indicate that greater adherence to DPs rich 
in fruits, vegetables, whole grains, nuts, legumes, 
unsaturated oils, dairy products, poultry, and fish, 
but low in red and processed meats, as well as sugar- 
and fat-rich dairy products, is associated with a 
reduced risk of CVD, including CHD and stroke, in 
healthy adults (30). 

Western DPs are characterized by high 
consumption of sweets, tea, eggs, snacks, fast food, 
potatoes, fizzy drinks, pickled foods, organ meats, 
and butter. At baseline, both DPs were significantly 
correlated with CVD risk factors such as BMI, 
WC, HC, WHR, FBG, TC, TG, and HDL-C. It is 
noteworthy that the results indicated adherence to a 
balanced DPs was not significantly associated with 
CVD events over the 6-year follow-up. However, 
adherence to a Western DP was strongly linked to an 
increased risk of CVD events and associated dangers 
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(31). In line with these finding, Sun et al. reported 
that adherence to Western DP is associated with 
higher BMI, WC, and TG levels when compared to 
healthy and balanced DP (32). Moreover, Oikonomou 
et al. highlighted a relationship between the severity 
of coronary artery disease (CAD) in individuals with 
stable CAD and adherence to a Western DP that, 
further classifies it as an unhealthy DP (33).

Finally, the dietary prevention of CVD should 
be prioritized throughout life from the cradle to 
the grave, regardless of the presence or absence 
of disease, and at both individual to a population 
levels. To make healthy choices more accessible, 
dietary recommendations and policies need to be 
clearly communicated and effectively targeted. 
While there are no “magic foods”, maintaining 
a diverse and fresh diet is essential (33). Higher 
consumption of certain food groups, such as 
vegetables, fruits, and whole grains, commonly 
identified as part of a prudent or healthy diet, has 
been consistently associated with a lower risk of 
CVD in previous studies (24, 34, 35). These dietary 
groups may reduce the risk of CVD through multiple 
metabolic pathways. For example, the antioxidants 
and polyphenols abundant in plant-based meals 
strengthen the body’s antioxidant defence, prevent 
lipid oxidation, and improve endothelial function 
(36, 37). Additionally, the high fibre content in these 
foods supports improved lipid metabolism, better 
blood sugar regulation, and reduced inflammation 
(38, 39). A healthy, environmentally sustainable, 
and cost-effective diet can be achieved through 
collaboration among patients, health professionals, 
the food industry, and policymakers. Such efforts 
can lead to a significant reduction in cardiovascular 
events. Early education and access to healthy 
foods are crucial for establishing lifelong healthy 
eating habits, which can be passed on to future 
generations (40). 

Several points should be considered when 
interpreting these findings. First, the cross-sectional 
design of the study limits the ability to establish 
causality. Second, there may be confounding factors 
that were not accounted for in the analysis. Third, 
while the FFQ is a practical tool for collecting dietary 
information in epidemiological studies, it does not 
provide a precise measurement of participants’ actual 
intake. Despite these limitations, the study possesses 
notable strengths. It utilized data from the Fasa 
cohort, which includes a large and diverse sample 
size. Additionally, the collection of comprehensive 
demographic and social information enables a robust 
examination of potential confounders, allowing for 
the adjustment of several key confounding factors 
in all analyses.

Conclusion
The findings of this study suggest that consuming 
a healthy diet may not always be effectively protect 
against the risk factors of cardiovascular diseases. 
More definitive conclusions could be drawn through 
further prospective studies with larger sample sizes 
and conducted across diverse geographical areas. 

Acknowledgment
We sincerely thank all field investigators, staff, and 
participants of the present study. 

Funding: No funding was received.

Authors’ Contribution
A.K., M.R., K.L. and A.R.: Contributed to writing 
the first draft. R.H.: Contributed to all data and 
statistical analysis and interpretation of data. R.H.: 
Contributed to the research concept, supervised the 
work, and revised the manuscript. All authors read 
and approved the final manuscript.

Conflict of Interest
Not applicable.

References
1 Clark NM. Management of chronic disease 

by patients. Annu Rev Public Health. 
2003;24:289-313. DOI: 10.1146/annurev.
publhealth.24.100901.141021. PMID: 12415147.

2 Makhtoomi Z, Alijani S, Shateri Z, et al. 
The Association between Low-Carbohydrate 
Diet Score and Conventional Risk Factors 
of Cardiovascular Diseases in Iranian Adult 
Population: A Cross-Sectional Study. Int 
J Nutr Sci. 2025;10:1-8. DOI: 10.30476/
ijns.2025.103550.1335.

3 Aghasadeghi K, Zarei-Nezhad M, Keshavarzi A, 
et al. The Prevalence of Coronary Risk Factors 
In Iranian Lor Migrating Tribe. Arch Iran Med. 
2008;11:322-325. PMID: 18426325.

4 Sarrafzadegan N, Mohammmadifard N. 
Cardiovascular disease in Iran in the last 40 years: 
prevalence, mortality, morbidity, challenges and 
strategies for cardiovascular prevention. Arch 
Iran Med. 2019;22:204-10. PMID: 31126179.

5 Gaziano TA. Reducing the growing burden of 
cardiovascular disease in the developing world. 
Health Aff (Millwood). 2007;26:13-24. DOI: 
10.1377/hlthaff.26.1.13. PMID: 17211010.

6 Tsioufis C. The Mediterranean and the DASH 
dietary patterns: Insights into their role in 
cardiovascular disease prevention. Hellenic 
J Cardiol. 2018;59:134-5. DOI: 10.1016/j.
hjc.2017.04.006. PMID: 29704564.



Kohansal et al.

Int J Nutr Sci May 2025;10(3)

7 Hamer M, Mishra G. Dietary patterns and 
cardiovascular risk markers in the UK Low 
Income Diet and Nutrition Survey. Nutr Metab 
Cardiovasc Dis. 2010;20:491-7. DOI: 10.1016/j.
numecd.2009.05.002. PMID: 19692214.

8 Ntentie FR, Nguedjo MW, Nkougni JT, et 
al. Nutrition Transition, Malnutrition and 
Cardiometabolic Risk Factors in the Far North 
Region of Cameroon. Int J Nutr Sci. 2023;8:91-
101. DOI: 10.30476/IJNS.2023.97849.1226.

9 Ghaseminasab Parizi M, Eftekhari MH, 
Tabibzadeh SM, et al. The Effect of Argan Oil on 
Surrogate Markers in Cardiovascular Diseases: 
A Systematic Review and Meta-Analysis. Int 
J Nutr Sci. 2020;5:159-166. DOI: 10.30476/
IJNS.2020.87532.1083.

10 Fung TT, Rimm EB, Spiegelman D, et al. 
Association between dietary patterns and plasma 
biomarkers of obesity and cardiovascular disease 
risk. Am J Clin Nutr. 2001;73:61-7. DOI: 10.1093/
ajcn/73.1.61. PMID: 11124751.

11 Ebadi P, Eftekhari F, Asadi M, et al. The 
Prevalence Of Anticardiolipin Antibodies And 
Antisperm Antibodies In Patients With Recurrent 
Spontaneous Abortion. Iran Red Crescent Med 
J. 2010;12:582-584.

12 Fouzi M, Razmi N, Mehrabani D. The effect of 
Citrullus colocynthis on serum lipid profile and 
hepatic histology in CCl 4-induced liver injury 
rat model. Int J Nutr Sci. 2020;5:208-213. DOI: 
10.30476/ijns.2020.88244.1094.

13 Maddock J, Ambrosini GL, Griffin JL, et al. A 
dietary pattern derived using B-vitamins and 
its relationship with vascular markers over the 
life course. Clin Nutr. 2019;38:1464-73. DOI: 
10.1016/j.clnu.2018.06.969. PMID: 30005901. 

14 Sharafi Miab M, Masoumi SJ, Haghighat N, Zare 
M. The Effects of Vitamin K Supplementation 
in Vascular Calcification: A Systematic Review. 
Int J Nutr Sci. 2019;4:54-58. DOI: 10.30476/
IJNS.2019.81825.1014.

15 Farjam M, Bahrami H, Bahramali E, Jamshidi J, 
Askari A, Zakeri H, et al. A cohort study protocol 
to analyze the predisposing factors to common 
chronic non-communicable diseases in rural 
areas: Fasa Cohort Study. BMC Public Health. 
2016;16:1090. DOI: 10.1186/s12889-016-3760-z. 
PMID: 27756262.

16 Soltero SM, Palacios C. Association between 
dietary patterns and body composition in a group 
or Puerto Rican obese adults: a pilot study. P R 
Health Sci J. 2011;30:22-7. PMID: 21449494.

17 Latorre-Millán M, Rupérez AI, González-Gil 
EM, et al. Dietary patterns and their association 
with body composition and cardiometabolic 

markers in children and adolescents: Genobox 
cohort. Nutrients. 2020;12:3424. DOI: 10.3390/
nu12113424. PMID: 33171599.

18 Ilesanmi-Oyelere BL, Coad J, Roy NC, et al. 
Dietary patterns, body composition, and bone 
health in New Zealand postmenopausal women. 
Front Nutr. 2020;7:563689. DOI: 10.3389/
fnut.2020.563689. PMID: 33195365.

19 Davoudzadeh N, Masoumi SJ, Nouri M, et al. 
Association of Pro-Healthy Diet Index and Non-
Healthy Diet Index with Body Composition: 
Baseline Results from Cohort Study. Int J 
Nutr Sci. 2025;10:136-145. DOI: 10.30476/
ijns.2025.101220.1293.

20 Mazloom Z, Hejazi N, Ekramzadeh M, et al. 
Evaluating Components of Metabolic Syndrome 
and Cardiovascular Risk Factors in Patients with 
Type 2 Diabetes Based on HbA1C Levels. Int J 
Nutr Sci. 2017;2:33-38.

21 Kelly RK, Tong TY, Watling CZ, et al. 
Associations between types and sources of 
dietary carbohydrates and cardiovascular disease 
risk: a prospective cohort study of UK Biobank 
participants. BMC Med. 2023;21:34. DOI: 
10.1186/s12916-022-02712-7. PMID: 36782209. 

22 Hu FB, Rimm EB, Stampfer MJ, et al. Prospective 
study of major dietary patterns and risk of 
coronary heart disease in men. Am J Clin Nutr. 
2000;72:912-21. DOI: 10.1093/ajcn/72.4.912. 
PMID: 11010931. 

23 Najafi M, Mozaffari H, Mokhtari P, er al. The 
associations between dietary patterns and 
cardiovascular risk factors among adults: a cross-
sectional study. Clin Nutr ESPEN. 2020;40:300-
8. DOI: 10.1016/j.clnesp.2020.09.001. PMID: 
33183554.

24 Ebrahimof S, Hosseini-Esfahani F, Mirmiran 
P, et al. Food patterns and Framingham risk 
score in Iranian adults: Tehran lipid and glucose 
study: 2005–2011. Metab Syndr Relat Disord. 
2018;16:64-71. DOI: 10.1089/met.2017.0125. 
PMID: 29293398.

25 Hadad Tabrizi S, Haji Faraji M, Houshiar Rad A, 
et al. Association between the metabolic syndrome 
and food patterns in non-menopause women. Iran 
J Nutr Sci Food Technol. 2010;5:39-48.

26 Alonso A, Zozaya C, Vázquez Z, et al. The effect 
of low‐fat versus whole‐fat dairy product intake on 
blood pressure and weight in young normotensive 
adults. J Hum Nutr Diet. 2009;22:336-42. DOI: 
10.1111/j.1365-277X.2009.00967.x. PMID: 
19486260.

27 Gholami S, Rezaei Aliabadi H, Hashemi SY, et 
al. The Families’ Attitude and Awareness toward 
Consumption of Milk and Dairy Products in 



Diet and cardiovascular risk factors

Int J Nutr Sci May 2025;10(3)

Ardabil, Iran. Int J Nutr Sci. 2020;5:24-32. DOI: 
10.30476/IJNS.2020.84306.1044.

28 Akhlaghi M, Babajafari S, Akbarzadeh M, et al. 
Comparison of Dietary Patterns and Nutritional 
Behaviors among Female Students in Shiraz 
University and Shiraz University of Medical 
Sciences. Int J Nutr Sci. 2017;2:134-140.

29 Poustchi H, Eghtesad S, Kamangar F, et al. 
Prospective epidemiological research studies 
in Iran (the PERSIAN Cohort Study): rationale, 
objectives, and design. Am J Epidemiol. 
2018;187:647-55. DOI: 10.1093/aje/kwx314. 
PMID: 29145581. 

30 Obbagy JE, Blum-Kemelor DM, Essery EV, et al. 
USDA Nutrition Evidence Library: methodology 
used to identify topics and develop systematic 
review questions for the birth-to–24-mo 
population. Am J Clin Nutr. 2014;99:692S-6S. 
DOI: 10.3945/ajcn.113.071670. PMID: 24452234.

31 Asadi Z, Shafiee M, Sadabadi F, Heidari‐
Bakavoli A, Moohebati M, Khorrami M, et 
al. Association of dietary patterns and risk of 
cardiovascular disease events in the MASHAD 
cohort study. J Hum Nutr Diet. 2019;32:789-801. 
DOI: 10.1111/jhn.12669. PMID: 31332855.

32 Sun J, Buys NJ, Hills AP. Dietary pattern and 
its association with the prevalence of obesity, 
hypertension and other cardiovascular risk factors 
among Chinese older adults. Int J Environ Res 
Public Health. 2014;11:3956-71. DOI: 10.3390/
ijerph110403956. PMID: 24727356.

33 Oikonomou E, Psaltopoulou T, Georgiopoulos 
G, et al. Western dietary pattern is associated 
with severe coronary artery disease. Angiology. 

2018;69:339-46. DOI: 10.1177/0003319717721603. 
PMID: 28731359.

34 Berg CM, Lappas G, Strandhagen E, et al. Food 
patterns and cardiovascular disease risk factors: 
the Swedish INTERGENE research program. 
Am J Clin Nutr. 2008;88:289-97. DOI: 10.1093/
ajcn/88.2.289. PMID: 18689363.

35 Nouripour F, Hejazi N. Nordic Diet and 
Cardio-metabolic Diseases: A Review. Int 
J Nutr Sci. 2019;4:105-108. DOI: 10.30476/
IJNS.2019.82686.1025.

36 Zampelas A, Magriplis E. Dietary patterns and 
risk of cardiovascular diseases: a review of the 
evidence. Proc Nutr Soc. 2020;79:68-75. DOI: 
10.1017/S0029665119000946. PMID: 31250769.

37 Pasdar Y, Moradi S, Moludi J, et al. Risk of 
metabolic syndrome in non-alcoholic fatty 
liver disease patients. Mediter Jo Nutr Metab. 
2019;12:353-63. DOI: 10.3233/mnm-190290.

38 Tang GY, Meng X, Li Y, et al. Effects of 
vegetables on cardiovascular diseases and 
related mechanisms. Nutrients. 2017;9:857. DOI: 
10.3390/nu9080857. PMID: 28796173.

39 Mehrabani D, Masoumi SJ, Masoumi AS, et 
al. Role of Diet in Mesenchymal Stem Cells’ 
Function: A Review. Int J Nutr Sci. 2023;8:9-19. 
DOI: 10.30476/IJNS.2023.97788.1221.

40 Vassiliou VS, Tsampasian V, Abreu A, et al. 
Promotion of healthy nutrition in primary and 
secondary cardiovascular disease prevention: a 
clinical consensus statement from the European 
Association of Preventive Cardiology. Eur J Prev 
Cardiol. 2023;30:696-706. DOI: 10.1093/eurjpc/
zwad057. PMID: 36848268.


