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ABSTRACT: Food behavior and dietary pattern are major parameters affecting the health status of people. The objective 
of this study was investigation of food behaviors in people inhabited in North of Iran to find out association of the effec-
tive indices (related to salt and fried foods) with hypertension and other cardiovascular diseases (CVDs). This large cross- 
sectional study was conducted on 10,520 participants and their sociodemographic, medical, and food behavior information 
were evaluated. Association of salt intake with CVDs and stroke was studied by portfolio at risk (PAR) formula. Associa-
tion of food behavior with hypertension and CVDs was surveyed by chi-square test. Differences were significant at P≤
0.05. Analysis of medical information revealed that 43.18% and 8.18% of the participants had hypertension and CVDs, re-
spectively; mostly in women. Significant association was observed between salt-related behaviors and hypertension in the 
participants. Regarding salt intake, higher PARs were calculated in women than men (2.26 vs. 1.88 for PARCVDs and 3.66 
vs. 3.05 for PARstroke), and urban than rural inhabitants (4.56 vs. 3.66 for PARCVDs and 7.27 vs. 5.88 for PARstroke). No sig-
nificant contribution was observed between oil-related behaviors and CVDs. The majority of participants were well-in-
formed about appropriate preparation and consumption of fried foods but not a healthy behavior about salt intake. Consid-
ering the significant association of salt-related behaviors with hypertension, conducting educational programs by health-
care practitioners in the population is suggested.
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INTRODUCTION

Non-communicable diseases (NCDs) have increased in 
Iran in recent decades of which cardiovascular diseases 
(CVDs) are the largest percentage (Moslemi et al., 2020). 
According to the World Health Organization (WHO), 
“healthy diet” is one of four behavioral factors in preven-
tion and control of NCDs (Kopčeková et al., 2020). In 
this regard, dietary habits consisting of types of foods and 
their preparation method have great impact on health sta-
tus of individuals (Mahdavi-Roshan et al., 2016; Mahdavi- 
Roshan et al., 2017). Following the global action plans 
aimed to decrease NCDs by governments, reformulation 
of industrial food products and changing the food style 

to deliver limited risk factors by diet have been initiated 
in Iran in recent years (Jamali et al., 2020; Moslemi et al., 
2020). On the other hand, modernization of societies to-
ward changes in food habits and consumption of less- 
nutritious foods has also increased the rate of metabolic 
syndromes (accounted as 38% in Iran) which are associ-
ated with incidence of NCDs (Faramarzi et al., 2019). In 
the study of Faramarzi et al. (2019) rate of hunger was 
gradually decreased in Iran despite increased food inse-
curity (low intake of micronutrients). Silva et al. (2018) 
conducted a cohort study in Brazil and found that some 
social factors such as culture and economy affect the 
food habits, and educational programs can attenuate the 
adverse impact of inappropriate food habit on health sta-



Association of Food Behaviors with NCDs 263

Fig. 1. Map of Sowme’eh Sara County (left) and comparative schematic of salt intake in the region regarding the WHO recom-
mendation (right).

tus of individuals. Other researchers reported that socio-
economic status has direct impact on food habit so that 
people with high socioeconomic level prefer to use foods 
containing low salt and fat compared to others, which 
leads to lower risk of hypertension (Psaltopoulou et al., 
2017). High consumption of red meat along with low 
consumption of fruits and vegetables by pregnant wom-
en in India at low socioeconomic status resulted in high 
gestational diabetes mellitus due to inclusion of saturated 
fat, cholesterol, and heme iron in red meat (Deepa et al., 
2020).

Other than social factors, people may not be aware of 
the adverse effect of daily risk factors. For example, un-
controlled salt intake at early ages can change taste of 
people to high sodium meals, which can lead to high salt 
intake in adulthood followed by hypertension and its at-
tributed risks (Strazzullo et al., 2009). The importance of 
eating behavior was also supported by Derks et al. (2018) 
showing high fat mass at early age induced higher food 
intake at higher age.

Changing food habits toward consumption of inexpen-
sive healthy foods in appropriate ways is feasible strate-
gy in reduction of NCDs worldwide. A balanced diet in-
cluding low sodium and saturated/trans-fat and high in 
unsaturated fatty acids (as reported in Mediterranean di-
et) is recommended by the experts to prevent heart dis-
eases (Francula-Zaninovic and Nola, 2018). To figure out 
the contribution of food behaviors and dietary risk fac-
tors to hypertension and other CVDs, we conducted the 

current study on 10,520 inhabitants of Guilan (North of 
Iran) for three years (2014∼2017). At this work, we in-
vestigated the major food behaviors of the participants 
regarding the food components and the way of food prep-
aration associated with hypertension and CVDs. This is 
the first study done in this regard in North of Iran and 
the results can be used for further strategies. Importantly, 
educational programs can be designed further to change 
the current food behavior toward a healthier lifestyle, if 
needed.

MATERIALS AND METHODS

Participants and study design
The present cross-sectional study was conducted within 
the framework of the Prospective Epidemiological Re-
search Studies in Iran (PERSIAN) Guilan Cohort Study 
(PGCS). It included 10,520 participants (4,887 men and 
5,633 women between 35 and 70 years old) of Sowme’eh 
Sara County that is in northern Iran (Fig. 1). The study 
was done from 8 October 2014 to 20 January 2017 as a 
part of the PERSIAN (Poustchi et al., 2018; Mansour- 
Ghanaei et al., 2019). Our experimental protocol was ap-
proved by the Ethics Committee of Guilan University of 
Medical Sciences (IR.GUMS.REC.1399.370) and con-
formed to the ethical principles set forth in the Declara-
tion of Helsinki. Numeric and categorical variables were 
classified to sociodemographic information [age, gender, 
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Table 1. Sociodemographic and medical information of the participants in the PERSIAN Guilan cohort study (PGCS)

Parameter Men (n=4,887) Women (n=5,633) Total (n=10,520) P-value

Age (year) 48.47±8.86 48.55±8.94 48.52±8.90 0.215
BMI (kg/m2) 26.08±4.20 29.93±5.11 28.14±5.09 <0.001
Education (years) <0.001
  0 (illiterate) 506 (10.35) 1,232 (21.87) 1,738 (16.52)
  ≤12 3,925 (80.32) 4,219 (74.90) 8,144 (77.41)
  13∼16 414 (8.47) 172 (3.05) 586 (5.57)
  ≥17 42 (0.86) 10 (0.18) 52 (0.49)
Marital status <0.001
  Single 78 (1.60) 227 (4.00) 305 (2.90)
  Married 4,733 (96.80) 4,794 (85.10) 9,527 (90.56)
  Widow 48 (1.00) 518 (9.20) 566 (5.38)
  Divorced 28 (0.60) 94 (1.70) 122 (1.16)
Job <0.001
  Yes 4,325 (88.50) 1,414 (25.10) 5,739 (54.55)
  No 562 (11.50) 4,219 (74.90) 4,781 (45.45)
Habitat <0.001
  Rural 2,825 (57.80) 3,082 (54.70) 5,907 (56.15)
  Urban 2,062 (42.20) 2,551 (45.30) 4,613 (43.85)
Hypertension <0.001
  Yes 1,904 (39.00) 2,639 (46.80) 4,543 (43.18)
  No 2,983 (61.00) 2,994 (53.20) 5,977 (56.82)
CVDs1) 0.652
  Yes 376 (7.69) 484 (8.59) 860 (8.18)
  No 4,511 (92.31) 5,149 (91.41) 9,660 (91.82)

Data are presented as mean±SD or n (%).
1)CVD, cardiovascular diseases; it included to cardiac ischemia and/or myocardial infarction and/or stroke.

body mass index (BMI), education, marital status, job, 
and habitat], medical information (signs of hypertension 
and CVDs), and food behavioral information (number of 
meals per day, added salt on the table, amount of salt 
added to food during preparation, use of fried foods, fur-
ther use of remained frying oil, type of oil for frying, lev-
el of vegetables’ frying, storage of vegetables in the freez-
er, and use of infusion). Hypertensive participants were 
those with diagnosed hypertension by a physician, take 
antihypertensive drugs, or have systolic and diastolic 
blood pressures equal or higher than 140 mmHg and 90 
mmHg, respectively. CVDs included to history of cardiac 
ischemia and/or myocardial infarction and/or stroke 
(Poustchi et al., 2018; Mansour-Ghanaei et al., 2019).

Statistical procedure
Statistical analysis was done by IBM SPSS statistics 26 
(SPSS Inc., Chicago, IL, USA) and significant level of 0.05 
was used. Descriptive analysis was done on numeric var-
iables and data are presented as mean±standard devia-
tion (SD). Categorical variables are reported as num-
ber/percent at each sex and in total population. The food 
behavior data is presented in number/percent based on 
gender and habitat, separately. To find out the impact of 
daily ingested salt on incidence of CVDs and stroke, aver-
age salt intake per day (in both genders, both habitats, 
and total population) was calculated based on the infor-

mation presented by the participants to the questioners 
and the following equation was used for assessment. 
Consideration of salt intake just included to the levels 
added by the participants to their foods and the amounts 
delivered by ready-to-eat or processed foods were not 
studied.

Population attributable risk (%)=
Pe×(RR−1)

Pe×(RR−1)+1

where, Pe is proportion of population exposed to a risk 
factor (that is salt intake higher than 5 g/d in the current 
work, which was determined by the WHO (2012) (Fig. 
1), and RR is relative risk of the risk factor with regard 
to specific disease (1.14 for CVDs and 1.23 for stroke, in 
the current work) (Strazzullo et al., 2009; Moslemi et al., 
2020).

To understand the association of the food behavioral 
parameters and hypertension/CVDs, chi-square test was 
done and parameters of Pearson chi-square value, Phi and 
Cramer’s V, and P-value were investigated.

RESULTS

Sociodemographic information is reported in Table 1. Ac-
cording to the Table 1, evaluation of medical information 
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Table 2. Food behavioral information of the participants in the PERSIAN Guilan cohort study (PGCS)

Parameter Men 
(n=4,887)

Women
(n=5,633)

Total
(n=10,520) P-value Rural

(n=5,907)
Urban

(n=4,613) P-value

Number of meals/d 0.465 0.771
  <3 meals 65 (1.33) 60 (1.06) 125 (1.19) 67 (1.13) 58 (1.26)
  3 meals 1,497 (30.63) 1,770 (31.42) 3,267 (31.06) 1,832 (31.01) 1,435 (31.11)
  4 meals 3,142 (64.29) 3,554 (63.09) 6,696 (63.65) 3,764 (63.72) 2,932 (63.56)
  5∼6 meals 181 (3.70) 246 (4.37) 427 (4.06) 242 (4.10) 185 (4.01)
  6< meals 2 (0.04) 3 (0.05) 5 (0.05) 2 (0.03) 3 (0.06)
Added salt on the table 0.01 0.999
  Yes 1,051 (21.51) 1,138 (20.20) 2,189 (20.81) 1,228 (20.79) 961 (20.83)
  Sometimes 833 (17.04) 922 (16.37) 1,755 (16.68) 988 (16.73) 767 (16.63)
  No 3,003 (61.45) 3,573 (63.43) 6,576 (62.51) 3,691 (62.48) 2,885 (62.54)
Amount of salt added to food during preparation 0.228 0.013
  Little 1,354 (27.71) 1,512 (26.84) 2,866 (27.24) 1,622 (27.46) 1,244 (26.97)
  Moderate 3,034 (62.08) 3,561 (63.22) 6,595 (62.69) 3,718 (62.94) 2,877 (62.37)
  High 4,99 (10.21) 560 (9.94) 1,059 (10.07) 567 (9.60) 492 (10.67)
Use of fried foods 0.684 0.088
  At all 28 (0.57) 30 (0.53) 58 (0.55) 35 (0.59) 23 (0.50)
  <1 meal a month 12 (0.25) 21 (0.37) 33 (0.31) 20 (0.34) 13 (0.28)
  1∼3 meals a month 216 (4.42) 243 (4.31) 459 (4.36) 286 (4.84) 173 (3.75)
  1∼3 meals a week 3,093 (63.29) 3,580 (63.55) 6,673 (63.43) 3,780 (63.99) 2,893 (62.71)
  Every day 1,538 (31.47) 1,759 (31.23) 3,297 (31.34) 1,786 (30.24) 1,511 (32.76)
Further use of remained frying oil 0.006 <0.001
  Yes 365 (7.47) 461 (8.18) 826 (7.85) 494 (8.36) 332 (7.20)
  No 4,522 (92.53) 5,172 (91.82) 9,694 (92.15) 5,413 (91.64) 4,281 (92.80)
Type of oil for frying <0.001 <0.001
  Solid oil 388 (7.94) 519 (9.21) 907 (8.62) 449 (7.60) 458 (9.93)
  PHO 554 (11.34) 657 (11.66) 1,211 (11.51) 528 (8.94) 683 (14.81)
  Cooking oil 97 (1.98) 116 (2.06) 213 (2.02) 154 (2.61) 59 (1.28)
  Frying oil 3,793 (77.61) 4,285 (76.07) 8,078 (76.79) 4,695 (79.48) 3,383 (73.34)
  Others 55 (1.12) 56 (0.99) 111 (1.06) 81 (1.37) 30 (0.65)
Level of vegetables’ frying 0.234 0.31
  Stir-frying 108 (2.21) 138 (2.45) 246 (2.34) 135 (2.28) 111 (2.41)
  Moderately frying 2,498 (51.12) 2,797 (49.65) 5,295 (50.33) 2,989 (50.60) 2,306 (49.99)
  Severely frying 2,261 (46.27) 2,672 (47.44) 4,933 (46.89) 2,762 (46.76) 2,171 (47.06)
  No frying 20 (0.41) 26 (0.46) 46 (0.44) 21 (0.36) 25 (0.54)
Storage way of vegetables in freezer 0.304 0.005
  Raw 517 (10.58) 616 (10.94) 1,133 (10.77) 666 (11.28) 467 (10.12)
  Cooked 23 (0.47) 23 (0.41) 46 (0.44) 31 (0.52) 15 (0.32)
  Fried 4,338 (88.77) 4,982 (88.44) 9,320 (88.59) 5,201 (88.05) 4,119 (89.29)
  No storage (using 
  fresh vegetables)

9 (0.18) 12 (0.21) 21 (0.20) 9 (0.15) 12 (0.26)

Use of infusion 0.001 <0.001
  Yes 1,299 (26.58) 1,578 (28.01) 2,877 (27.35) 1,888 (31.96) 989 (21.44)
  No 3,588 (73.42) 4,055 (71.99) 7,643 (72.65) 4,019 (68.04) 3,624 (78.56)

Data are presented as n (%).
PHO, partially hydrogenated oil.

revealed that rate of hypertension and CVDs in women 
(46.80% and 8.59%, respectively) was higher than men 
(39.00% and 7.69%, respectively).

Food behaviors of the participants are presented in Ta-
ble 2. We observed that more than 60% of the partici-
pants in both gender and habitat groups had four meals 
per day. The majority of the population added no salt to 
foods on the table and more than 60% of the participants 
added moderate amount of salt to their foods during 
preparation. Most of the population ate fried foods 1∼3 

meals per week and more than 90% did not use the re-
mained frying oil further. In term of oil type for frying, 
76.79% of total population used frying oil. Totally, 50.33 
% of the people fried vegetables moderately and about 
88∼89% of the total population froze the vegetables in 
fried form. Of the total participants, 27.35% used herbal 
infusions.

As seen in Table 3, the average salt intake was lower 
than the maximum recommended level of 5 g/d, but salt 
intake in women was higher than men and in urban peo-
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Table 4. Association of food behaviors with hypertension and cardiovascular diseases in the participants of the PERSIAN Guilan 
cohort study (PGCS)

Food behavior Disease
Pearson 

chi-square 
value

P-value
Phi value/
Cramer’s 
V value

P-value

Added salt on the table Hypertension 9.191 0.01 0.03/0.03 0.01
Amount of salt added to food during preparation Hypertension 103.731 <0.001 0.099/0.099 <0.001
Added salt on the table CVDs 0.207 0.902 0.004/0.004 0.902
Amount of salt added to food during preparation CVDs 3.481 0.481 0.018/0.018 0.481
Use of fried foods Hypertension 23.530 <0.001 0.047/0.047 <0.001
Further use of remained frying oil Hypertension 0.118 0.731 −0.003/0.003 0.731
Use of fried foods CVDs 2.613 0.759 0.016/0.016 0.759
Further use of remained frying oil CVDs 0.745 0.388 0.008/0.008 0.388

CVDs: cardiovascular diseases; it included cardiac ischemia and/or myocardial infarction and/or stroke.

Table 3. Average salt intake in the population and its correla-
tion with prevalence of cardiovascular diseases and stroke in 
the participants of the PERSIAN Guilan cohort study (PGCS)

Participants Salt intake1) 
(g/d)

Participants at 
risk2) [n (%)]

PARCVDs
(%)

PARStroke
(%)

Men 4.20±2.70 1,438 (13.67) 1.88 3.05
Women 4.26±2.66 1,738 (16.52) 2.26 3.66
Rural 4.06±2.60 1,603 (27.14) 3.66 5.88
Urban 4.46±2.76 1,573 (34.10) 4.56 7.27
Total 4.23±2.68 3,176 (30.19) 4.05 6.49

PAR, population attributable risk; CVDs, cardiovascular diseases; 
it included cardiac ischemia and/or myocardial infarction and/or 
stroke.
1)Salt intake just included to the amounts added by the partic-
ipants to their foods not the amounts delivered by ready-to- 
eat or processed foods. This amount was calculated based on 
the information presented by the participants to the question-
ers. Data are presented as mean±SD.

2)Those with salt intake more than 5 g/d.

ple was higher than rural inhabitants. In the total popu-
lation, 4.05% of CVDs and 6.49% of stroke was related 
to high salt intake. Regarding CVDs, 1.88% of male and 
2.26% of female patients were probably affected due to 
high salt intake. It was estimated as 3.66% and 4.56% in 
rural and urban habitants, respectively. For stroke, 3.05% 
of male, 3.66% of female, 5.88% of rural, and 7.27% of 
urban patients were affected by high salt intake.

As expected, there was statistically significant associa-
tion between salt intake and hypertension in the popu-
lation about both “added salt to foods on the table” and 
“amount of salt added to food during preparation” pa-
rameters. Salt intake behaviors had no significant impact 
on CVDs. Meanwhile, no significant correlation was ob-
served between oil intake behavior (“use of fried foods” 
and “reuse of remained frying oil”) and CVDs in the 
population (P>0.05). However, use of fried foods signif-
icantly correlated with hypertension (Table 4).

DISCUSSION

Food literacy is a scientific concept about control and 
prevention of food-borne diseases. Today, several com-
munities are trying to change the human lifestyle by im-
provement of their food and nutrition literacy to avoid 
the diseases arising from foods (Razavi et al., 2020; US 
Preventive Services Task Force et al., 2020). Owing to the 
high morbidity and mortality induced by NCDs in the 
world, increasing attention is paid to these illnesses and 
several interventions are programmed in this regard. As 
reported, CVDs are introduced as the top one among all 
causalities of NCDs (Peters et al., 2019). Importantly, hy-
pertension plays the main role in etiology of CVDs, which 
can be controlled by diet intervention and improvement 
of dietary knowledge in the population as adjuvant treat-
ment to medication. In addition, inappropriate eating be-
havior is recognized as a significant risk factor in preva-
lence of overweight and obesity that are other causalities 
of CVDs (Khan et al., 2018). Eating behavior is affected 
by biological and social parameters. They include emo-
tional over/under eating, continued/stopped eating after 
activation of satiety signal, fast/slow eating, and tenden-
cy to eat unhealthy foods containing high sodium and fat 
due to their palatability (Sánchez et al., 2016). The cur-
rent work is the first study conducted on the inhabitants 
of north of Iran to figure out their food behavior and its 
relevance to hypertension and CVDs. Also, sociodemo-
graphic parameters were also investigated to find out 
their possible impact on the diseases.

Factors associated with hypertension in the current study
As mentioned earlier, significant association was observed 
between salt-related behaviors and hypertension in the 
participants. The higher hypertension in women from our 
study might be due to their higher average salt intake per 
day than men. Furthermore, a higher proportion of wom-
en took salt more than the maximum recommendation 
(5 g/d). It might be due to the higher percent of illiterate 
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women not aware of salt’s disadvantage and more liter-
ate men (especially at college level), which were accus-
tomed to the adverse impact of salt on hypertension. In 
agreement, Geaney et al. (2015) observed indirect associ-
ation between dietary knowledge of Irish population and 
hypertension. In the study of Chongthawonsatid (2015), 
Thai women showed 1.4 times more hypertension rate 
than Thai men. The author believed that it was due to 
higher physical activity of men compared to women. In 
our study, a higher percent of men used high table salt 
and high salt during food preparation. In accordance with 
Chongthawonsatid (2015), the lower hypertension at this 
group might be due to their adherence to more exercise 
compared to women, which attenuates the adverse im-
pact of higher salt intake to some extent. It is confirmed 
by the lower contribution of salt intake to CVDs and 
stroke in men (Table 3). Moreover, 57.8% of male par-
ticipants lived in rural regions commonly with no or low 
sedentary lifestyle. Interestingly, lower contribution of 
salt intake to CVDs and stroke was also observed in rural 
group than those living in urban area. This might be due 
to higher consumption of homemade foods at rural than 
urban regions. Accordingly, Trapl et al. (2018) tried to 
change the food habit of patients suffering from hyper-
tension towards decreasing consumption of fast foods 
containing high salt and more fruits and vegetables, in-
stead. The significant correlation of fried food consump-
tion with hypertension (Table 4) might be another rea-
son for the higher rate of hypertension in urban popula-
tions. As seen in Table 2, a greater percent of urban pop-
ulations consumed fried foods every day compared to ru-
ral people. Additionally, social parameters affect hyper-
tension as reported by Irving et al. (2014) so that there 
was association between food insecurity and hyperten-
sion. Our investigation demonstrated that a high number 
of women had no job and more women lived alone com-
pared to men, which might be effective in their higher 
stress with regard to food insecurity.

Factors associated with CVDs in the current study
In term of CVDs, more prevalence was also observed in 
women. The BMI revealed that female participants were 
less concerned about their weight gain, which is directly 
associated with CVDs (Khan et al., 2018). However, no 
significant correlation was observed for fried foods and 
further use of remained frying oil with CVDs in the pop-
ulation. This result was expected regarding reuse of fry-
ing oil, since more than 90% of the participants did not 
reuse frying oil in both gender and habitat groups. Al-
though the majority of the participants ate fried foods up 
to three meals a week, most of them used frying oil for 
this purpose, which is more resistant than the others 
against high temperatures (Madhujith and Sivakanthan, 
2018). This healthful behavior was possibly driven fol-

lowing the catastrophe in 2014 when large quantities of 
palm oil were imported to the country and used in pro-
duction of oil products such as frying oil. Since then, oil 
industries have tried to reformulate the frying oils and in-
troduced palm-free products thorough which people has 
been informed by the government and social advertise-
ments (Moslemi et al., 2020). Mandatory insertion of a 
nutritional traffic light which shows the amount of trans 
fatty acids in the products is another conductive approach 
in training people to prepare a healthier food basket 
(Moslemi et al., 2020). More importantly, there was a 
tendency to use herbal infusions especially in rural par-
ticipants. Herbal infusions are full of antioxidants, active 
against free radicals and can remediate the harsh impact 
of oxidative stress induced by free radical activity in the 
body, if consumed at adequate levels (Talib et al., 2020). 
The majority of participants (88.59%) froze vegetables 
after frying which inactivates degrading enzymes in the 
raw vegetables without the loss of bioactive compounds 
(Zhan et al., 2019; Mehmood and Zeb, 2020). The level 
of frying confirmed it so that 52.67% of the participants 
stir- to moderately-fried the vegetables by which their 
bioactive components were well-retained.

The large sample size and geographical distribution of 
the participants from both rural and urban areas in-
creased the accuracy and reliability of the results. How-
ever, our work was a cross-sectional study through which 
etiology evaluations were limited. Moreover, salt intake 
calculation was based on the amount of salt added by the 
participants to their foods and salt intake from ready-to- 
eat or processed foods was not calculated.

The current work was done in a large population of 
North of Iran for the first time to investigate their food 
behaviors. We further found a significant contribution of 
their food behaviors to hypertension that was possibly 
due to high daily salt intake, high BMI, and frequent use 
of fried foods by a portion of the population to some ex-
tent. In addition, no significant association was observed 
in term of fried foods and CVDs in the participants. It 
was likely due to a healthy food behavior by use of frying 
oil in food preparation and no reusing the frying oil by 
most of the participants.
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