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Abstract

The PERSIAN Kavar cohort study (PKCS) aims to investigate the prevalence, trends, and

relevant prognostic risk factors of non-communicable diseases in participants aged 35–70

years living in the urban area of Kavar County. Kavar County is located at the center of Fars

province in the southwest of Iran. Overall, 5236 adults aged 35–70 years old were invited to

participate in the PKCS. From whom, 4997 people comprising 2419 men and 2578 women

met the inclusion criteria and were recruited in the study (participation rate: 95.4%). This

study is aimed to follow participants for at least 10 years; it is designed to perform all proce-

dures similar to the primary phase including biological sampling, laboratory tests, physical

examinations, and collecting general, nutritional, and medical data at the 5th and 10th years

of follow-up. In addition, participants are annually followed-up by phone to acquire data on

the history of hospitalization, any major diagnosis or death. At the enrollment phase, trained

interviewers were responsible for obtaining general, nutritional, and medical data utilizing a

482-item questionnaire. The results of the baseline phase of this study show that the over-

weight category was the most prevalent BMI category among the registered participants (n

= 2005, 40.14%). Also, almost one-third of Kavar adult population suffered from metabolic

syndrome at the baseline phase (n = 1664, 33.30%). The rate of eighteen-month follow-up

response was 100% in the PKCS. Hypertension (n = 116, 2.32%), cardiovascular outcomes

(n = 33, 0.66%), and diabetes (n = 32, 0.64%) were the most prevalent new-onset NCDs

during eighteen months of follow-up in the participants.
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Introduction

A few decades ago, communicable diseases were the leading cause of death in developing

countries [1]. The emergence of vaccines and the improvements in health care facilities were

two effective strategies which brought about a revolution in population health and decreased

communicable diseases mortality. Subsequently, the mortality associated with communicable,

maternal, neonatal, and nutritional disorders reduced from the annual rate of 16.1 million

deaths in 1990 to 11.8 million deaths in 2013 [2, 3].

From that time onwards, non-communicable diseases (NCDs) have become the most prev-

alent public health issue worldwide; in 1990, the prevalence of NCDs worldwide was 57%

which rose to 71% in 2018 [3, 4]. Transition to modern lifestyle and higher life expectancy can

increase NCDs risk factors and subsequently cause an outbreak in NCDs incidence rate [5].

In Iran, total NCD deaths were 304,400 in 2016 which accounted for 82% of all deaths [6]. Devel-

opments in the health care system, namely the advancements in controlling infectious diseases, have

extended life expectancy in the Iranian population [7]. On the other hand, the modernization of Ira-

nian’s lifestyle, particularly the acquisition of western dietary patterns and low physical activity,

accompanied by the extended life span put a higher percentage of Iranians at risk for NCDs [7–9].

Population-based longitudinal studies on NCDs are of prominent importance in under-

standing the prevalence, trends, and relevant prognostic risk factors of NCDs. The aforemen-

tioned studies can be fundamental for tailoring an evidence-based preventive tool for

controlling NCDs [10].

The unique lifestyle of Iranians together with the high diversity of ethnicities necessitates

performing separate longitudinal studies on different Iranian ethnic groups around the coun-

try. The sub-national population-based studies on NCDs in Iran are scarce. The Golestan

Cohort Study (GCS) is the biggest prospective population-based study in the Middle East

aimed to investigate the main risk factors of upper gastrointestinal tract cancers in around

50,000 participants residing northeast of Iran [11]. GCS showed that more than 80% of deaths

in the studied population are due to NCDs e.g. cardiovascular disease and cancers [12].

The PERSIAN (Prospective Epidemiological Research Studies in IrAN) cohort study, which

is originally designed based on GCS, is the largest population-based cohort study in Iran aimed

to determine the prevalence of NCDs and their potential risk factors in 180,000 adults 35–70

years old [13]. In 2012, the PERSIAN cohort study commenced data sampling in 18 centers dis-

tributed in different regions of Iran. The Ministry of Health and Medical Education (MOHME)

has provided a standard instruction to all branches of the PERSIAN cohort study to standardize

and unify the sampling methods, data collection, and data entry methods in all centers [14].

According to the results of previous studies [15, 16], the high prevalence of metabolic syn-

drome (Mets) in Kavar adults necessitated performing a longitudinal study to investigate this

population regarding NCDs. Therefore, the PERSIAN Kavar Cohort Study has been imple-

mented to track the eligible residents of Kavar city. The study is aimed to follow participants

for at least 10 years post enrollment.

Kavar city, the capital of Kavar County, is located at the center of Fars province in the

southwest of Iran (Fig 1). Overall, 31352 people dominantly from Fars, Turk, and Arab ethnic-

ities reside in the urban area of Kavar county.

Material and methods

Cohort description

The PERSIAN Kavar Cohort Study tracks the eligible residents of Kavar city for at least 10

years post enrollment. The baseline phase of the PERSIAN Kavar cohort study (PKCS)
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commenced on 26/10/2017 and completed on 6/2/2019 by a team of twenty health profession-

als and trained staff comprised of one epidemiologist (one of the Principal Investigators), six

specialist physicians including one other Principal Investigator (PI), and also three lab techni-

cians and ten trained staff responsible for data entry including four staff for general question-

naire, two staff for medical questionnaire, and four staff for nutritional questionnaire.

From 21/05/2016 until 26/10/2017, preparations including providing the laboratory with

the required equipment, and standardization of interview and central freezer rooms were

made. Furthermore, among hundreds of local people, the staff were recruited and trained the-

oretically and practically during the mentioned period.

Participants

The PIs introduced the PKCS, aims, benefits, and procedure to local people in 19 meetings

arranged for city authorities, and residents’ gatherings such as Friday prayers in a year before

beginning the study. In the recruitment phase, a list of residents eligible to participate in the

study with their home address and home and cell phone numbers was prepared from the

urban health centers database. The inclusion criteria were the age of 35 to 70 years old and

being a permanent resident of Kavar. The exclusion criteria were unwillingness to participate

in the study or having an intention to leave Kavar city.

A census method was applied for this study. So, a trained staff called all eligible residents by

phone and explained the purpose, procedure, and benefits of participating in the PKCS. After

confirming their willingness to participate, permanent residence, and ability to respond to the

questions without help, they were assigned a date to attend the PKCS center. Overall, 5236

adults aged 35–70 years old were invited to participate in the PKCS; from whom 4997 people

met the inclusion criteria and were recruited in the study (participation rate: 95.4%).

From people who were invited to participate in the PKCS, 239 individuals (4.6%) (114

women and 125 men with the mean (SD) age of 48.44 (8.38)) were unwilling to participate due

to the following reasons: 1- not having enough time to participate (n = 60, 25%); 2- unwilling-

ness to have an assessment of health status because they believed they were healthy enough

(n = 45, 19%); 3- reluctance to give a blood sample for the biobank (n = 29, 12%), 4- having a

plan of emigration from Kavar city (n = 74, 31%); 5- long time business trips (n = 31, 13%).

On recruitment days, the nationality and identity of each invitee were first confirmed by

checking their national identity card and birth certificate. After identity confirmation, written

consent form was signed by each participant. Afterward, the executive manager enrolled the par-

ticipant in the PKCS and a cohort identification card with a unique code was issued for him/her.

Fig 1. Location of Kavar County in Iran.

https://doi.org/10.1371/journal.pone.0260227.g001
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An online software specifically designed for the PERSIAN cohort study was applied for the

data entry in the PKCS. The outliers for quantitative parameters (e.g. age, anthropometric

data, blood biochemical parameters, etc.) were defined in the software by the PIs before

recruitment. On the data entry process, if any entered value exceeded or was lower than the

defined cutoffs, the software automatically highlighted the parameter and asked for a correc-

tion or acceptance to save the value in the online software.

Follow up

The PKCS is aimed to follow participants for at least 10 years. It is designed to perform all pro-

cedures similar to the primary phase including biological sampling, laboratory tests, physical

examinations, and collecting general, nutritional, and medical data at the 5th and 10th years of

follow-up.

In addition, participants are annually followed up by phone to acquire data on the history

of hospitalization, any major diagnosis or death. The PKCS follow-up team makes seven-

attempts to call each participant’s phone numbers on different days of the week. If a partici-

pant is inaccessible, the cohort team visit that participant in his/her address in-person. In the

annual follow-up, participants are asked about any changes in their contact information or the

two previously provided family members or close friends. Also, they are asked about their

plans to emigrate in the coming months. Afterwards, the interviewer investigates their health

status, history of hospitalization, and any newly diagnosed illnesses. Fig 2 represents the flow-

chart of the present cohort study.

In case a participant is dead, a team is present at his/her address to fill out a 25-item verbal

autopsy form. The form includes questions about signs and symptoms, hospital documents on

diagnosis and treatments, etc. Also, all the documents are scanned and uploaded to the online

database. Participants who report any history of hospitalization or diagnosis of a major disease

are asked to provide a copy of their medical records. Additionally, a cardiologist is responsible

for confirming cardiovascular outcomes. Later the medical documents are separately assessed

by two internists and each internist will assign an ICD-10 code to the documents of the dead

or alive participants to indicate their diagnosis. When the ICD-10 codes are different, the final

diagnosis is made by a third expert internist who is more senior. This protocol will be contin-

ued until the end of the follow-up phase.

Fig 2. Flowchart of the PKCS.

https://doi.org/10.1371/journal.pone.0260227.g002
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Ethics

The design and implementation of this study have been approved by the Ethics Committee of

Shiraz University of Medical Sciences (IR.SUMS.REC.1396.S436).

Data collection

All the data and samples collected at the baseline phase of the PKCS are shown in Table 1.

Bio-specimen ascertainment

This process is explained in S1 Box. Dyslipidemia was measured based on the definition of

Moradinazar et al. [17].

Physical examination

Physical examination comprised of anthropometric measurements, systolic and diastolic

blood pressure and pulse rate measurement, and oral health examination was performed by a

physician and trained staff. Anthropometric measurements including weight, height, and

waist, hip, and wrist circumferences were done according to the US National Institutes of

Health protocols [18].

Furthermore, blood pressure was measured in a sitting position after resting for five min-

utes. Systolic and diastolic blood pressures were measured twice in both arms with a fifteen-

minute interval. Additionally, the 12-lead electrocardiograms (EKG) were carried out for all

participants and then the results were interpreted by a cardiologist.

Interview

After bio-specimen sampling and physical examination, a simple breakfast was given to partic-

ipants. Then the executive manager guided participants to the next stations to prevent over-

crowding. After breakfast, people were invited to the interview room for obtaining general,

nutritional, and medical data through a 482-item questionnaire. Two trained staff were

responsible for medical interview, four trained staff acquired nutritional data and four trained

interviewers filled the general questionnaire.

Table 1. Data and samples collected at the baseline phase of the PKCS.

Parameters Classification Measures

Biological samples Blood sample Complete blood count; fasting blood sugar; total cholesterol; high-density lipoprotein cholesterol; triglycerides;

alanine transaminase; aspartate transaminase; alkaline phosphatase; γ-glutamyl transpeptidase; blood urea

nitrogen; creatinine

Urine sample Urine PH, color, appearance, and specific gravity; presence of blood, protein, glucose, bilirubin, ketones,

bacteria, epithelial, and mucus

Hair and nail

samples

These samples were placed in separate aluminum foils in codified zip-lock bags with added humidity absorber

and then were stored at room temperature.

Interview-administered

questionnaires

General Demographic factors; socioeconomic status; occupational status and history, fuel exposures; lifestyle; sleep and

circadian rhythm; physical activity; cell phone use; toxin and pesticide exposure

Medical Disease history, medication history, reproductive history (women), family medical history, oral and dental

health, personal habits (smoking, alcohol and drug use)

Nutritional Food frequency questionnaire; dietary habits; food preparation and storage techniques

physical examination Anthropometric measurements (Height (cm), weight (kg), waist circumference (cm), hip circumference (cm),

wrist circumference (cm)); systolic and diastolic blood pressure; pulse rate measurement; oral health

examination

https://doi.org/10.1371/journal.pone.0260227.t001
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General questions. General questions were designed to collect information about demo-

graphic variables including gender, age, ethnicity, residence, education, marital status, socio-

economic status, occupation history, fuel, heating and home condition, lifestyle, sleep, physical

activity, cell phone use, and contact with pesticides. Wealth score index (WSI) was estimated

by performing multiple correspondence analysis (MCA) on the following variables: access to a

freezer, washing machine, dishwasher, vacuum cleaner, computer, internet, motorcycle, car

(no access, access to a car with a price of<50 million Tomans (national currency in Iran), and

access to a car with a price of>50 million Tomans), color TV type (no color Tv or regular

color Tv vs. Plasma color Tv), owning a cell phone, PC or laptop, international trips in lifetime

(never, just pilgrimage, both pilgrimage or non-pilgrimage trips) [19, 20]. Then the partici-

pants were stratified into five quantiles in terms of WSI; individuals in the first quantile had

the highest socio-economic status and those in the fifth quantile had the lowest socio-eco-

nomic status.

Medical questions. Medical questions were comprised of disease history (e.g. diabetes

mellitus, hypertension, heart disease, stroke, cardiovascular disease, kidney stones, gallbladder

stone, asthma, tuberculosis, rheumatic disease, cancers, depression, psychological disorders,

mental disease, lupus, multiple sclerosis, gestational diabetes mellitus, hypertensive disorders

of pregnancy, etc.), medication history, disease history in close relatives, history of alcohol con-

sumption, tobacco smoking, substance use, and oral health that are well described elsewhere

[21]. On interview days, all participants were asked to bring their medications which were

matched with their specific stated disease.

Nutritional questions. The Food Frequency Questionnaire (FFQ) utilized in the PKCS

was a validated semi-quantitative FFQ aimed to investigate the usual dietary intake and eating

habits during the previous year that its design, food items included, and validity are published

previously [22]. Four trained nutritionists performed the nutritional interview. A food album

and set of scales such as different sizes of spoons, cups, bowls and dished, matchbox, and a

10×10 cardboard were utilized to facilitate understanding of portion sizes.

Quality assessment of data

Within the enrollment phase, all data items were checked for each participant by a team of

quality assessors (interviewers, executive manager, and quality control assessor) based on a

standard checklist, under the supervision of an epidemiologist on a daily basis. These assess-

ments included direct supervision of PIs, recording the trained staff’s voices and desktops, and

then re-educating them based on their deficiencies. Calibration of all the measurement tools

and laboratory equipment and instruments, and checking all data by statistical software to

detect incompleteness, missing data, and outliers were the other activities. In addition, central

team of the PERSIAN cohort monitored data via a central server.

Statistical analysis

The variables were described using number (percentage) and mean ± standard deviation (SD).

The Pearson’s Chi-square test or Fischer’s exact test were used for comparison of categorical

variables, and two-sided independent samples t test was used for comparison of quantitative

variables between the groups. The normal distribution of quantitative data was checked by the

Shapiro Wilks test for normality. The P-values greater than 0.05 were considered normally dis-

tributed variables. The significance level was set at the point of<0.05. IBM SPSS Statistics for

Windows (Released 2012. Version 21.0. Armonk, NY: IBM Corp) and Stata software version

13 were used for analysis.
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Results

The demographic characteristics of the studied population are shown in Table 2. In the PKCS

4997 adults including 2419 (48.41%) men and 2578 (51.59%) women aged 35 to 70 years old

with the mean (SD) of age 48.18 (8.92) residing in the urban area of Kavar County were inves-

tigated. A high proportion of participants were married (91.51%). The Fars and Turk nomad

ethnicities were the dominant ethnicities in Kavar urban district (96.28%). A very low percent-

age of adult population had academic education (8.80%). There were significant differences

between men and women in age, marital status, education, and WSI (P-value<0.001).

The anthropometric and lifestyle variables are demonstrated in Table 3. The mean (SD) of

BMI was 27.46 (4.91) and the overweight category was the most prevalent BMI category

(40.14%). Also, 87.53% of adults had central obesity. Most of the participants consumed a

medium amount of salt daily (69.36%) and did not reuse frying oil (86.07%). Furthermore,

Table 2. Demographic characteristics of participants in PKCS.

Variables Men n (%) Women n (%) Total n (%) P- value�

Total Number 2419 (48.41%) 2578 (51.59%) 4997 (100%)

Age range

35–40 557 (11.15%) 727 (14.55%) 1284 (25.70%) <0.001

41–45 445 (8.91%) 499 (9.99%) 944 (18.89%)

46–50 434 (8.69%) 457 (9.15%) 891 (17.83%)

51–55 359 (7.18%) 357 (7.14%) 716 (14.33%)

56–60 308 (6.16%) 268 (5.36%) 576 (11.53%)

61–65 224 (4.48%) 179 (3.58%) 403 (8.06%)

66–70 92 (1.84%) 91 (1.82%) 183 (3.66%)

Marital status

Married 2354(47.11%) 2219 (44.41%) 4573 (91.51%) <0.001

Divorced/widowed 19 (0.38%) 280 (5.60%) 299 (5.98%)

Single 46 (0.92%) 79 (1.58%) 125 (2.50%)

Ethnicity

Fars 1858 (37.18%) 1990 (39.82%) 3848 (77.01%) 0.54

Turk Nomad 478 (9.57%) 485 (9.71%) 963 (19.27%)

Lor 6 (0.12%) 5 (0.10%) 11 (0.22%)

Arab Nomad 6 (0.12%) 2 (0.04%) 8 (0.16%)

Guilak 2 (0.04%) 3 (0.06%) 5 (0.10%)

Other�� 69 (1.38%) 93 (1.826%) 162 (3.24%)

Education

Illiterate 470 (19.4%) 1089 (42.2%) 1559 (31.20%) <0.001

Elementary 1221 (50.5%) 1153 (44.7%) 2374(47.50%)

High school 402 (16.6%) 222 (8.65%) 624(12.50%)

University 326 (13.5%) 114 (4.4%) 440 (8.80%)

Wealth Score Index (WSI)

1st quintile (lowest) 371 (7.42%) 618 (12.38%) 989 (19.79%) <0.001

2nd quintile 455 (9.10%) 561 (11.23%) 1016 (20.33%)

3rd quintile 532 (10.65%) 469 (9.39%) 1001 (20.03%)

4th quintile 510 (10.21%) 525 (10.51%) 1035 (20.71%)

5th quintile (highest) 551 (11.02%) 405 (8.10%) 956 (19.13%)

�The results of chi squared test or Fisher exacted test comparing men and women.

��Other includes Arab, Turk, Azari, Kurd and other minority ethnicities.

https://doi.org/10.1371/journal.pone.0260227.t002
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12.53%, 37.05%, and 23.19% of participants drank alcohol, smoked water pipe or has ever

smoked cigarette, respectively. The prevalence of dyslipidemia in Kavar adults was high

(60.99%) comprised of 33.73% in men and 27.26% in women. The prevalence of overweight,

obesity, and elevated waist-to-hip ratios (WHR) were significantly greater in women com-

pared to men (P-value<0.001). Significant differences were also detected between men and

women in salt consumption, alcohol drinking, water pipe smoking, smoking status, dyslipide-

mia, and physical activity (P-value<0.001).

The prevalence of Mets (according to ATP III criteria [23]) is presented in Table 4 and in

S1 Fig. Almost one-third of Kavar adult population (33.30%) suffered from Mets at the base-

line phase.

Table 3. The frequency of anthropometric indices and lifestyle indicators.

Parameters Men n (%) Women n (%) Total n (%) �P- Value

BMI

Underweight 79 (1.58%) 27 (0.54%) 106 (2.12%) <0.001

Normal 1002 (20.06%) 483 (9.67%) 1485 (29.73%)

Overweight 979 (19.60%) 1026 (20.54%) 2005 (40.14%)

Class I obesity 300 (6.01%) 751 (15.04%) 1051 (21.04%)

Class II & III obesity 58 (1.16%) 290 (5.81%) 348 (6.97%)

Waist to hip ratio (WHR) ��

Normal 579 (11.59%) 44 (0.88%) 623 (12.47%) <0.001

Abnormal 1839 (36.82%) 2533 (50.71%) 4372 (87.53%)

Food consumption

Low salt 572 (11.45%) 678 (13.57%) 1250 (25.02%) <0.001

Medium salt 1673 (33.48%) 1793 (35.88%) 3466 (69.36%)

Salty 174 (3.48%) 107 (2.14%) 281 (5.62%)

Reused frying oil

No 2092 (41.87%) 2209 (44.21%) 4301 (86.07%) 0.42

Yes 327 (6.54%) 369 (7.38%) 696 (13.93%)

Alcohol drinking

No 1817 (36.37%) 2553 (51.10%) 4370 (87.47%) <0.001

Yes 602 (12.05%) 24 (0.48%) 626 (12.53%)

Water pipe smoking

No 1466 (29.34%) 1679 (33.61%) 3145 (62.95%) <0.001

Yes 953 (19.08%) 898 (17.97%) 1851 (37.05%)

Smoking status

No 1293 (25.89%) 2544 (50.93%) 3837 (76.82%) <0.001

Current 762 (15.26%) 13 (0.26%) 775 (15.52%)

Former 363 (7.27%) 20 (0.40%) 383 (7.67%)

Dyslipidemia

No 733(14.69%) 1214(24.33%) 1946(39.01%) <0.001

Yes 1683(33.73%) 1360(27.26%) 3043(60.99%)

Physical activity (weekly METs ���, hour per week)

24–36.5 647 (12.95%) 374 (7.48%) 1021 (20.43%) <0.001

36.6–44.9 1078 (21.57%) 1699 (34.00%) 2777 (55.57%)

�45 694 (13.89%) 505 (10.11%) 1199 (23.99%)

� The results of chi squared test or Fisher exacted test comparing men and women.

��Waist to hip ratios of less than 0.85 and 0.90 are considered as normal amounts in women and men, respectively.

���MET: metabolic equivalent of task [25].

https://doi.org/10.1371/journal.pone.0260227.t003
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The mean (SD) values of biochemical parameters at the primary phase are presented in S1

Table. The levels of fasting blood sugar (102.81 (33.40) vs. 100.95 (30.78), P-value = 0.041),

total cholesterol (178.53 (36.12) vs. 171.49 (37.95), P-value<0.001), and high density lipopro-

tein (HDL) (44.90 (9.61) vs. 39.12 (8.37), P-value<0.001) levels were higher in women com-

pared to men. Although, the values for hemoglobin (15.51 (1.42) vs. 13.57 (1.37), P-

value<0.001), blood urea nitrogen (30.87 (7.87) vs. 26.96 (7.74), P-value<0.001), creatinine

(1.19 (0.18) vs. 0.95 (0.15), P-value<0.001), triglyceride (159.74 (103.61) vs. 141.42 (79.55), P-

value<0.001), serum glutamic-oxaloacetic transaminase (19.78 (11.31) vs. 16.73 (6.84), P-

value<0.001), serum glutamate pyruvate transaminase (24.09 (15.88) vs. 17.03 (9.84), P-

value<0.001), alkaline phosphatase (202.23 (55.71) vs. 195.13 (60.55), P-value<0.001), and

gamma glutamyl transpeptidase (27.53 (20.91) vs. 21.40 (17.34), P-value<0.001) were relatively

higher in men than women.

The self-report prevalence of NCDs at the primary phase is shown in S2 Table. Kidney

stone (n = 1430, 28.62%), hypertension (n = 931, 18.63%), diabetes (n = 783, 15.67%), fatty

liver (n = 751, 15.03%) and thyroid disorders (n = 616, 12.33%) were respectively the most

common chronic diseases among the urban Kavar adult population. Hypertension (n = 607

(12.15%) vs. n = 324 (6.49%), P-value<0.001), diabetes (n = 498 (9.97%) vs. n = 285 (5.70%),

P-value<0.001), fatty liver (n = 504 (10.09%) vs. n = 247 (4.94%), P-value<0.001), thyroid dis-

orders (n = 510 (10.21%) vs. n = 106 (2.12%), P-value<0.001), rheumatic diseases (n = 188

(3.76%) vs. n = 65 (1.30%), P-value<0.001), gallstone (n = 181 (3.62%) vs. n = 53 (1.06%), P-

value<0.001), chronic lung disease (n = 97 (1.94%) vs. n = 63 (1.26%), P-value = 0.020), cancer

(total) (n = 30 (0.6%) vs. n = 9 (0.18%), P-value = 0.001), breast cancer (n = 16 (0.32%) vs.
n = 0, P-value<0.001), and CNS cancer (n = 6 (0.12%) vs. n = 0, P-value = 0.032) had a higher

self-reported prevalence in women than men. However, the prevalence of kidney stones

(n = 748 (14.97%) vs. n = 682 (13.65%), P-value<0.001), ischemic heart disease (IHD) (n = 195

(3.90%) vs. n = 149 (2.98%), P-value = 0.001), and myocardial infarction (MI) (n = 40 (0.8%)

vs. n = 17 (0.34%), P-value<0.001) were significantly higher in men than women.

The association of demographic and lifestyle variables with NCDs at the start of the study

in men is reported in the S3 Table. The frequency of diabetes, hypertension, and IHD signifi-

cantly varied across groups of age and BMI (P-value<0.001). Education levels also associated

with the prevalence of diabetes (P-value<0.001), hypertension (P-value = 0.004), and IHD (P-

value = 0.007). Moreover, the association was observed between hypercholesterolemia and

IHD (P-value<0.001) and also among marital status and hypertension (P-value<0.001) and

IHD (P-value = 0.03) prevalence. In addition, the prevalence of diabetes and hypertension was

influenced by alcohol drinking in men (P-value<0.001).

Table 4. The prevalence of metabolic syndrome (according to ATP III criteria).

No. of Mets�

criteria

Participants

n) %)

0 1 2 3 4 5 Having Mets (�3 criteria)

Men 477 (19.76%) 734 (30.41%) 674 (27.92%) 394 (16.32%) 116 (4.81%) 19 (0.79%) 529 (21.92)

Women 86 (3.34%) 447 (17.37%) 905 (35.17%) 700 (27.21%) 380 (14.77%) 55 (2.14%) 1135 (44.12)

Total 563 (11.27%) 1181 (23.63%) 1579 (31.60%) 1094 (21.89%) 496 (9.93%) 74 (1.48%) 1664 (33.30)

�Metabolic syndrome.

- It should be noted that 10 participants did not give blood samples in this study. Therefore, 4987 individuals were analyzed for having metabolic syndrome.

https://doi.org/10.1371/journal.pone.0260227.t004
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As shown in S4 Table, the baseline prevalence of diabetes, hypertension, and IHD were sig-

nificantly different in various education levels and marital status in women (P-value<0.001).

Age groups also associated with the frequencies of diabetes (P-value<0.001), hypertension (P-

value = 0.004), and IHD (P-value = 0.007). Moreover, BMI categories (P-value<0.001) and

smoking status (P-value = 0.04) associated with diabetes and hypertension, and alcohol drink-

ing (P-value<0.001) and hypercholesterolemia (P-value = 0.03) correlated with diabetes in this

group.

The rate of eighteen-month follow-up response was 100% in the PKCS. New cases of NCDs

after eighteen months of follow-up are demonstrated in S5 Table. Hypertension (n = 116,

2.32%), cardiovascular outcomes (n = 33, 0.66%) and diabetes (n = 32, 0.64%) were the most

prevalent new-onset NCDs within eighteen months of follow-up in the participants. As shown

in S6 Table, the prevalence of diabetes was significantly different among participants with or

without hypercholesterolemia after eighteen months of follow-up (P-value = 0.03). Moreover,

subjects in different groups of age (P-value<0.001), education (P-value = 0.01), marital status

(P-value = 0.04), or current alcohol drinking habits (P-value = 0.04) showed distinct hyperten-

sion frequencies. Gender (P-value = 0.002), age groups (P-value = 0.002), education levels (P-

value = 0.04), smoking status (P-value = 0.04), and hypercholesterolemia (P-value<0.001) sig-

nificantly influenced the IHD prevalence in follow-up data.

Mortality by cause during eighteen months of follow-up is shown in S7 Table. Overall, 16

(0.32%) deaths including ten women and six men occurred within this period, and sudden car-

diac death was the main cause of death in both genders. New cases of NCDs and causes of

death in both S7 and S8 Tables were recorded and confirmed according to ICD-10 codes [24].

Discussion

Currently, the Iranian population is experiencing a transition in demographic, socioeconomic,

dietary, and lifestyle characteristics. This transition has resulted in an epidemic of NCDs and

their related risk factors [26]. Detecting NCDs-related risk factors in the population is the key

to control the ascending trend of NCDs. Prospective population-based studies such as cohort

studies are the best setting for investigating NCDs’ etiologies and building a platform for

experimental studies aimed to control and prevention.

Iran has an ethnic diversity that contributes to different genetic susceptibilities, lifestyle

habits, and disease patterns. Therefore, performing a unified set of cohort studies at the sub-

national level, such as the PERSIAN Cohort Studies, is probably the most appropriate way to

reveal and compare the NCD risk factors in different ethnicities and find the best strategy for

NCDs prevention and control [21]. Here, we presented the design and implementation of the

PKCS, one of the PERSIAN cohort sites in the southwest of Iran (mostly Fars ethnicity), and

describe baseline characteristics of the participants and the NCD’s incidence and mortality

rate after 18 months of follow-up. The participation rate in this study was 95.4%, which was

higher than the reported rates in other PERSIAN cohorts, such as the Ravansar Non-Commu-

nicable Disease (RaNCD) (93.2%) [27], the Guilan Cohort (PGCS) (83.2%) [28], the Hoveyzeh

Cohort (HCS) (82.7%) [29], the Rafsanjan Cohort (RCS) (67.42%) [30], and the Tabari Cohort

studies (TCS) (61.7%) [31].

Our primary analysis indicated that most participants were married, had less than five years

of education, and suffered from overweight and central obesity. These features were similar to

the subjects of the PERSIAN RaNCD [27], TCS [31], and PGCS cohort studies [28], and the

Pars cohort study performing in the Valashahr district in the Fars Province [32]. In addition,

the prevalence of alcohol consumption was 12.53% in the total population that is similar to the

reported pooled estimates in a recent meta-analysis of Iranian population [33]. However, this
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was higher than the reported amount of alcohol drinking in the PERSIAN RaNCD, RCS, HCS,

and TCS cohort centers [27, 29–31]. Stigma linked to the alcohol consumption and different

local sensitivities among Iranians may explain these discrepancies.

Mets is a clustering of central obesity, insulin resistance, hypertension, and atherogenic dys-

lipidemia that correlate with atherosclerotic cardiovascular disease, diabetes mellitus, and cere-

brovascular accidents [34]. In the present study, 33.3% of the total population, or 44.12% of

women and 21.92% of men, had metabolic syndrome, according to the ATP III criteria. This

prevalence was similar to the PERSIAN Kharameh cohort [35] and higher than the pooled esti-

mation of around 26% reported in two separate meta-analyses of studies performed in Mid-

dle-East countries and studies comprised 472401 Iranian subjects [36, 37]. Our results were

consistent with the previous meta-analysis of Iranians [36, 38] and PERSIAN RaNCD [27] and

Kharameh [35] cohort studies that reported higher Mets prevalence in women. Elevated body

weight and waist circumference, and low HDL cholesterol are more potential contributors to

the Mets in women compared to men [39]. Moreover, multiple circumstances specific to

women, such as pregnancy, oral contraceptive therapy consumption, polycystic ovary syn-

drome, and menopause are considered as risk factors for Mets development [40]. Therefore,

education and policymaking are critical approach to improve the health status and life style of

these subjects.

In the current study, kidney stones, hypertension, diabetes, fatty liver, and thyroid disorders

were the most common NCDs with the prevalence of 28.62%, 18.63%, 15.67%, 15.03%, and

12.33%, respectively. Lower prevalence of these disorders was observed in the RaNCD cohort

study, in which kidney stone, hypertension, fatty liver, diabetes, and thyroid disorders were

detected as the most prevalent NCDs, with the prevalence of 18.20%, 16.71%, 10.26%, 10.03%,

and 7.34%, respectively [27]. Moreover, the prevalence of hypertension and diabetes were

16.3% and 9.3% in the Pars cohort study in 2014 [32]. Comparing to our results, participants

of the HCS study had a greater prevalence of hypertension (26.4%), diabetes (22.2%), and car-

diac ischemic (13.6%) and lower prevalence of kidney stone (18.8%), fatty liver (6.7%), and

thyroid disorders (5.4%) [29]. Higher frequencies of hypertension and diabetes also were

reported in the PERSIAN TCS and PGCS studies [28, 31]. Similarly, a meta-analysis of pub-

lished studies in 2004–2018 revealed the lowest prevalence of hypertension in Isfahan, Fars,

Bushehr, Chaharmahal Bakhtiari, Hormozgan, and Kohkiloyeh and Boyerahmad provinces

[41]. In another meta-analysis study, Fars had a lower prevalence of diabetes compared to Gui-

lan, Mazandaran, and Khuzestan provinces [42]. Differences in the socioeconomic features,

lifestyle and dietary patterns, access to health centers, and level of health literacy could influ-

ence the prevalence of NCDs in the different regions. In addition, in our study, all common

NCDs, except kidney stones, were significantly more frequent in women than men, which was

in line with the most previous PERSIAN cohort studies [27, 28, 30, 31]. However, in 2019, the

global prevalence of diabetes was estimated to be 9.0% in women and 9.6% in men [43]. The

age-standardized prevalence of hypertension was also slightly higher in men (31.9%) than

women (30.1%) in 2010 [44].

In the present study, the crude incidence of hypertension, diabetes, and cardiovascular out-

comes after eighteen months of follow-up were 2.32%, 0.64%, and 0.66%, respectively. Simi-

larly, according to a recent study derived from the Tehran Lipid and Glucose Study, nearly

2.7% of participants develop hypertension each year [45]. In another study, the overall inci-

dence of hypertension was estimated to be 28.7 per 1000 person-years among Asian Indians

[46]. In addition, the crude incidence estimation of diagnosed diabetes among adults aged 18

years or older in the United States was 6.9 per 1000 people in 2017–2018 [47]. Therefore,

designing and implementation of emergency interventions to prevent the further spread of

these NCDs are necessary.
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The PKCS has several strengths. The population based prospective design of PKCS can

properly demonstrate the trend of NCDs and their related risk factors during long-term fol-

low-up. Furthermore, it can be a setting for performing interventional studies for prevention

and control of NCDs in vulnerable subgroups. The results of PKCS can be used as a valuable

evidence for investigating the most cost-effective policies to control and prevent NCDs in the

population such as designing appropriate health care for the at risk population. The biological

specimen bio-bank obtained according to international standards in PKCS can provide a set-

ting for nested-case control and genetic susceptibility studies. The PKCS is carried out on a

large urban population in this area. Therefore, the results can be a good indicative of the whole

population health status. Another advantage of PKCS is the registration of obtained data on an

online platform, which not only increases the quality and accessibility of data, but also

improves the data collection accuracy by enabling the simultaneous monitoring of principal

investigators on data collection. Another unique characteristic of PKCS is the significant

reduction in lost to follow-up compared to other cohorts. The concurrent registration of par-

ticipants’ health records on the online nation-wide Ministry of Health comprehensive health

network entitled SIB network enables PKCS to track immigrated participants and obtain their

health outcomes or their detailed cause of death. Moreover, cohort studies are costly studies

which are widely avoided in low resources settings such as developing countries. The PKCS

can serve as a good example for effective financial and human resources management in lim-

ited resources setting which made performing cohort studies in developing countries possible.

The PKCS also has some limitations. The first limitation is lack of funding for performing

genetic studies to reveal NCDs related genetic susceptibilities. The second limitation is inabil-

ity to take and store stool samples for future investigations on the role of gut microbiota in the

pathology of NCDs. The probable risks of bias and strategies for minimizing them are men-

tioned in Table 5.

Table 5. The risks of bias in the PERSIAN Kavar Cohort Study (PKCS) and strategies for their maximum control.

Bias risk Strategies

Sample size,

Participation bias

Low response rate • Using different recruitment types:

Lack of representativeness • Introducing the PKCS in 19 meetings arranged for city authorities, and in residents’ gatherings such as

Friday prayers

Selection bias • Calling the eligible residents by phone

• Enrolling all eligible people (35–70 years of age) in the study

• Making contact a reference person

Dropout Lose of interest in or miss

the PKCS

• Meticulous follow-up strategies including annual follow-up by phone to acquire data on the history of

hospitalization, any major diagnosis or death. If they do not answer their phones, investigators will attend

their home addresses

• Making contact a reference person

Response Data were self-reported • The study investigators guaranteed to protect the data confidentiality

• Careful verification of patients reports and hospital records

• Events were checked prospectively

Reliability of responses • Exposure measurement before the events report (prospective approach)

• Using reference persons to verify data on the old ages

• Assessing consistency of information

Missing data • Questionnaires were completed in several attempts

• Imputation during analyzing the data when needed

https://doi.org/10.1371/journal.pone.0260227.t005
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Conclusion

According to the results of this study, there is a high prevalence of metabolic syndrome in the

urban population of Iran, especially in women. If fundamental changes in lifestyle and dietary

patterns will not occur, this disease can lead to dangerous and far more complicated diseases

such as diabetes, high blood pressure, cirrhosis, various types of heart attacks and strokes, and

cancers. It is the responsibility of the health policy makers to take immediate action to change

the diet and lifestyle of the Iranian people, especially women, in order to prevent a sudden

increase in the incidence rate of these diseases that can impose a huge financial burden on our

society.

Supporting information

S1 Box. Biospecimen ascertainment.

(DOCX)

S1 Fig. Prevalence of having 0 to 5 metabolic syndrome criteria and overall metabolic syn-

drome according to ATP III definition.

(TIF)

S1 Table. Biochemical parameters at the primary phase.

(DOCX)

S2 Table. The self-report prevalence of NCDs at the primary phase.

(DOCX)

S3 Table. Association of demographic and lifestyle variables with non-communicable dis-

ease at the start of study in 2419 men.

(DOCX)

S4 Table. Association of demographic and lifestyle variables with non-communicable dis-

ease at the start of study in 2578 women.

(DOCX)

S5 Table. New cases of non-communicable diseases after 18 months of follow-up at the

time of registration.

(DOCX)

S6 Table. Association of demographic and life style variables with outcomes.

(DOCX)

S7 Table. Mortality by cause during 18 months of follow-up in PKCS.

(DOCX)

Acknowledgments

We are very thankful to Professor Reza Malekzadeh and the central team of the PERSIAN

cohort study.

Author Contributions

Conceptualization: Ali Reza Safarpour.

Data curation: Ali Reza Safarpour, Elham Abbasi.

Formal analysis: Ali Reza Safarpour.

PLOS ONE Alarm of non-communicable disease in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0260227 January 27, 2022 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260227.s009
https://doi.org/10.1371/journal.pone.0260227


Funding acquisition: Mohammad Reza Fattahi.

Investigation: Ali Reza Safarpour, Ramin Niknam, Firoozeh Tarkesh, Vahid Mohammadkar-

imi, Shahrokh Sadeghi Boogar, Elham Abbasi, Firoozeh Abtahi, Mohammad Afshar,

Nasim Niknejad.

Methodology: Ali Reza Safarpour, Mohammad Reza Fattahi, Gholam Reza Sivandzadeh, Far-

dad Ejtehadi, Nasim Niknejad.

Project administration: Ali Reza Safarpour, Mohammad Reza Fattahi, Elham Abbasi.

Resources: Mohammad Reza Fattahi.

Software: Elham Abbasi, Mohammad Afshar, Seyed Ali Shamsnia.

Supervision: Ali Reza Safarpour.

Validation: Mohammad Reza Fattahi, Ramin Niknam, Firoozeh Tarkesh, Vahid Mohammad-

karimi, Shahrokh Sadeghi Boogar, Firoozeh Abtahi, Gholam Reza Sivandzadeh, Fardad

Ejtehadi, Seyed Ali Shamsnia.

Visualization: Ramin Niknam, Vahid Mohammadkarimi, Shahrokh Sadeghi Boogar, Firoo-

zeh Abtahi, Gholam Reza Sivandzadeh, Fardad Ejtehadi, Mohammad Afshar, Seyed Ali

Shamsnia.

Writing – original draft: Firoozeh Tarkesh, Nasim Niknejad.

Writing – review & editing: Ali Reza Safarpour.

References
1. Askarian M, Mansour Ghanaie R, Karimi A, Habibzadeh F. Infectious diseases in Iran: a bird’s eye

view. Clin Microbiol Infect. 2012; 18(11):1081–8. https://doi.org/10.1111/1469-0691.12021 PMID:

23033964

2. Moghadam MN, Sadeghi V, Parva S. Weaknesses and challenges of primary healthcare system in

Iran: a review. Int J Health Plann Manage. 2012; 27(2):e121–31. https://doi.org/10.1002/hpm.1105

PMID: 22009801

3. Mortality GBD, Causes of Death C. Global, regional, and national age-sex specific all-cause and cause-

specific mortality for 240 causes of death, 1990–2013: a systematic analysis for the Global Burden of

Disease Study 2013. Lancet. 2015; 385(9963):117–71. https://doi.org/10.1016/S0140-6736(14)61682-

2 PMID: 25530442

4. WHO. Noncommunicable diseases; 2018 [internet]. Available from: https://www.who.int/news-room/

fact-sheets/detail/noncommunicable-diseases.

5. Abbasian E, Poormohammadi A. The costs of disease burden in Iran. Chronic Diseases Journal. 2015;

3(2):87–8.

6. WHO. Noncommunicable Diseases (NCD) Country Profiles- Iran; 2018 [internet]. Available from:

https://www.who.int/nmh/countries/2018/irn_en.pdf.

7. Ostovar A, Nabipour I, Larijani B, Heshmat R, Darabi H, Vahdat K, et al. Bushehr Elderly Health (BEH)

Programme, phase I (cardiovascular system). BMJ open. 2015; 5(12):e009597. https://doi.org/10.

1136/bmjopen-2015-009597 PMID: 26674503

8. Ghasemian A, Ataie-Jafari A, Khatibzadeh S, Mirarefin M, Jafari L, Nejatinamini S, et al. National and

sub-national burden of chronic diseases attributable to lifestyle risk factors in Iran 1990–2013; study

protocol. Arch Iran Med. 2014; 17(3):146–58. https://doi.org/0141703/AIM.004 PMID: 24621357

9. Karyani AK, Matin BK, Soltani S, Rezaei S, Soofi M, Salimi Y, et al. Socioeconomic gradient in physical

activity: findings from the PERSIAN cohort study. BMC public health. 2019; 19(1):1312. https://doi.org/

10.1186/s12889-019-7715-z PMID: 31638932

10. Gandomkar A, Poustchi H, Moini M, Moghadami M, Imanieh H, Fattahi MR, et al. Pars cohort study of

non-communicable diseases in Iran: protocol and preliminary results. Int J Public Health. 2017; 62

(3):397–406. https://doi.org/10.1007/s00038-016-0848-2 PMID: 27349480

PLOS ONE Alarm of non-communicable disease in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0260227 January 27, 2022 14 / 16

https://doi.org/10.1111/1469-0691.12021
http://www.ncbi.nlm.nih.gov/pubmed/23033964
https://doi.org/10.1002/hpm.1105
http://www.ncbi.nlm.nih.gov/pubmed/22009801
https://doi.org/10.1016/S0140-6736%2814%2961682-2
https://doi.org/10.1016/S0140-6736%2814%2961682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/nmh/countries/2018/irn_en.pdf
https://doi.org/10.1136/bmjopen-2015-009597
https://doi.org/10.1136/bmjopen-2015-009597
http://www.ncbi.nlm.nih.gov/pubmed/26674503
https://doi.org/0141703/AIM.004
http://www.ncbi.nlm.nih.gov/pubmed/24621357
https://doi.org/10.1186/s12889-019-7715-z
https://doi.org/10.1186/s12889-019-7715-z
http://www.ncbi.nlm.nih.gov/pubmed/31638932
https://doi.org/10.1007/s00038-016-0848-2
http://www.ncbi.nlm.nih.gov/pubmed/27349480
https://doi.org/10.1371/journal.pone.0260227


11. Pourshams A, Khademi H, Malekshah AF, Islami F, Nouraei M, Sadjadi AR, et al. Cohort Profile: The

Golestan Cohort Study—a prospective study of oesophageal cancer in northern Iran. Int J Epidemiol.

2010; 39(1):52–9. https://doi.org/10.1093/ije/dyp161 PMID: 19332502

12. Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, Sotoudeh M, Abedi-Ardekani B, et al. Socio-eco-

nomic status and oesophageal cancer: results from a population-based case-control study in a high-risk

area. Int J Epidemiol. 2009; 38(4):978–88. https://doi.org/10.1093/ije/dyp195 PMID: 19416955

13. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar AA, Hekmatdoost A, et al. Prospective Epi-

demiological Research Studies in Iran (the PERSIAN Cohort Study): Rationale, Objectives, and Design.

Am J Epidemiol. 2018; 187(4):647–55. https://doi.org/10.1093/aje/kwx314 PMID: 29145581

14. Khaledifar A, Hashemzadeh M, Solati K, Poustchi H, Bollati V, Ahmadi A, et al. The protocol of a popula-

tion-based prospective cohort study in southwest of Iran to analyze common non-communicable dis-

eases: Shahrekord cohort study. BMC Public Health. 2018; 18(1):1–10. https://doi.org/10.1186/

s12889-018-5364-2 PMID: 29801446

15. Fattahi MR, Niknam R, Safarpour A, Sepehrimanesh M, Lotfi M. The prevalence of metabolic syndrome

in non-alcoholic fatty liver disease; a population-based study. Middle East J Dig Dis. 2016; 8(2):131.

https://doi.org/10.15171/mejdd.2016.18 PMID: 27252820

16. Sepehrimanesh M, Niknam R, Ejtehadi F, Fattahi MR, Safarpour A. Association Between Non-Alcoholic

Fatty Liver Disease and Metabolic Syndrome with Gallstone Disease, South Iran: A Population-Based

Study. Diabetes Metab Syndr Obes. 2020; 13:1449. https://doi.org/10.2147/DMSO.S246949 PMID:

32431528

17. Moradinazar M, Pasdar Y, Najafi F, Shahsavari S, Shakiba E, Hamzeh B, et al. Association between

dyslipidemia and blood lipids concentration with smoking habits in the Kurdish population of Iran. BMC

Public Health. 2020; 20:1–10. https://doi.org/10.1186/s12889-019-7969-5 PMID: 31898494

18. Control CfD, Prevention. National health and nutrition examination survey (nhanes): Anthropometry

procedures manual. Atlanta: Centers for Disease Control and Prevention. 2007.

19. Najafi F, Soltani S, Matin BK, Karyani AK, Rezaei S, Soofi M, et al. Socioeconomic-related inequalities

in overweight and obesity: findings from the PERSIAN cohort study. BMC public health. 2020; 20(1):1–

13. https://doi.org/10.1186/s12889-019-7969-5 PMID: 31898494

20. Sharafi M, Bahramali E, Farjam M, Rezaeian S, Afrashteh S, Amiri Z. Socioeconomic inequality in non-

communicable diseases: Results from a baseline Persian cohort study. Med j Islam Repub Iran. 2021;

35:78. https://doi.org/10.47176/mjiri.35.78 PMID: 34291002

21. Poustchi H, Eghtesad S, Kamangar F, Etemadi A, Keshtkar A-A, Hekmatdoost A, et al. Prospective epi-

demiological research studies in Iran (the PERSIAN Cohort Study): rationale, objectives, and design.

Am J Epidemiol. 2018; 187(4):647–55. https://doi.org/10.1093/aje/kwx314 PMID: 29145581

22. Esfahani FH, Asghari G, Mirmiran P, Azizi F. Reproducibility and relative validity of food group intake in

a food frequency questionnaire developed for the Tehran Lipid and Glucose Study. J Epidemiol. 2010;

20(2):150–8. https://doi.org/10.2188/jea.je20090083 PMID: 20154450

23. Expert Panel on Detection E. Executive summary of the third report of the National Cholesterol Educa-

tion Program (NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in

adults (Adult Treatment Panel III). Jama. 2001; 285(19):2486. https://doi.org/10.1001/jama.285.19.

2486 PMID: 11368702

24. WHO W. ICD-10 Version: 2016; 2016 [internet]. Available from: http://apps.who.int/classifications/

icd10/browse/2016/en#/N17.

25. Moradinazar M, Najafi F, Jalilian F, Pasdar Y, Hamzeh B, Shakiba E, et al. Prevalence of drug use, alco-

hol consumption, cigarette smoking and measure of socioeconomic-related inequalities of drug use

among Iranian people: findings from a national survey. Subst Abuse Treat Prev Policy. 2020; 15:1–11.

https://doi.org/10.1186/s13011-019-0249-7 PMID: 31898529

26. Danaei G, Farzadfar F, Kelishadi R, Rashidian A, Rouhani OM, Ahmadnia S, et al. Iran in transition.

The Lancet. 2019; 393(10184):1984–2005. https://doi.org/10.1016/S0140-6736(18)33197-0 PMID:

31043324

27. Pasdar Y, Najafi F, Moradinazar M, Shakiba E, Karim H, Hamzeh B, et al. Cohort Profile: Ravansar

Non-Communicable Disease cohort study: the first cohort study in a Kurdish population. Int J Epidemiol.

2019; 48(3):682–3f. https://doi.org/10.1093/ije/dyy296 PMID: 30753701

28. Mansour-Ghanaei F, Joukar F, Naghipour MR, Sepanlou SG, Poustchi H, Mojtahedi K, et al. The PER-

SIAN Guilan cohort study (PGCS). Arch Iran Med. 2019; 22(1):39–45. PMID: 30821159

29. Cheraghian B, Hashemi SJ, Hosseini SA, Poustchi H, Rahimi Z, Sarvandian S, et al. Cohort profile: The

Hoveyzeh Cohort Study (HCS): A prospective population-based study on non-communicable diseases

in an Arab community of Southwest Iran. Med j Islam Repub Iran. 2020; 34:141. https://doi.org/10.

34171/mjiri.34.141 PMID: 33437737

PLOS ONE Alarm of non-communicable disease in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0260227 January 27, 2022 15 / 16

https://doi.org/10.1093/ije/dyp161
http://www.ncbi.nlm.nih.gov/pubmed/19332502
https://doi.org/10.1093/ije/dyp195
http://www.ncbi.nlm.nih.gov/pubmed/19416955
https://doi.org/10.1093/aje/kwx314
http://www.ncbi.nlm.nih.gov/pubmed/29145581
https://doi.org/10.1186/s12889-018-5364-2
https://doi.org/10.1186/s12889-018-5364-2
http://www.ncbi.nlm.nih.gov/pubmed/29801446
https://doi.org/10.15171/mejdd.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/27252820
https://doi.org/10.2147/DMSO.S246949
http://www.ncbi.nlm.nih.gov/pubmed/32431528
https://doi.org/10.1186/s12889-019-7969-5
http://www.ncbi.nlm.nih.gov/pubmed/31898494
https://doi.org/10.1186/s12889-019-7969-5
http://www.ncbi.nlm.nih.gov/pubmed/31898494
https://doi.org/10.47176/mjiri.35.78
http://www.ncbi.nlm.nih.gov/pubmed/34291002
https://doi.org/10.1093/aje/kwx314
http://www.ncbi.nlm.nih.gov/pubmed/29145581
https://doi.org/10.2188/jea.je20090083
http://www.ncbi.nlm.nih.gov/pubmed/20154450
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1001/jama.285.19.2486
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://apps.who.int/classifications/icd10/browse/2016/en#/N17
http://apps.who.int/classifications/icd10/browse/2016/en#/N17
https://doi.org/10.1186/s13011-019-0249-7
http://www.ncbi.nlm.nih.gov/pubmed/31898529
https://doi.org/10.1016/S0140-6736%2818%2933197-0
http://www.ncbi.nlm.nih.gov/pubmed/31043324
https://doi.org/10.1093/ije/dyy296
http://www.ncbi.nlm.nih.gov/pubmed/30753701
http://www.ncbi.nlm.nih.gov/pubmed/30821159
https://doi.org/10.34171/mjiri.34.141
https://doi.org/10.34171/mjiri.34.141
http://www.ncbi.nlm.nih.gov/pubmed/33437737
https://doi.org/10.1371/journal.pone.0260227


30. Hakimi H, Ahmadi J, Vakilian A, Jamalizadeh A, Kamyab Z, Mehran M, et al. The profile of Rafsanjan

cohort study. Eur J Epidemiol. 2021; 36(2):243–52. https://doi.org/10.1007/s10654-020-00668-7 PMID:

32725579

31. Kheradmand M, Moosazadeh M, Saeedi M, Poustchi H, Eghtesad S, Esmaeili R, et al. Tabari cohort

profile and preliminary results in urban areas and mountainous regions of Mazandaran, Iran. Arch Iran

Med. 2019; 22(6):279–85. PMID: 31356093

32. Gandomkar A, Poustchi H, Moini M, Moghadami M, Imanieh H, Fattahi MR, et al. Pars cohort study of

non-communicable diseases in Iran: protocol and preliminary results. Int J Public Health. 2017; 62

(3):397–406. https://doi.org/10.1007/s00038-016-0848-2 PMID: 27349480

33. Chegeni M, Kamel Khodabandeh A, Karamouzian M, Shokoohi M, Abedi L, Khalili M, et al. Alcohol con-

sumption in Iran: a systematic review and meta-analysis of the literature. Drug Alcohol Rev. 2020; 39

(5):525–38. https://doi.org/10.1111/dar.13093 PMID: 32441436

34. Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract. 2014; 2014:943162.

https://doi.org/10.1155/2014/943162 PMID: 24711954

35. Nikbakht H-A, Rezaianzadeh A, Seif M, Ghaem H. Prevalence of metabolic syndrome and its compo-

nents among a population-based study in south of Iran, PERSIAN Kharameh cohort study. Clin Epide-

miology Glob Health. 2020; 8(3):678–83.

36. Fatahi A, Doosti-Irani A, Cheraghi Z. Prevalence and incidence of metabolic syndrome in Iran: A sys-

tematic review and meta-analysis. Int J Prev Med. 2020; 11:64. https://doi.org/10.4103/ijpvm.IJPVM_

489_18 PMID: 32577194

37. Ansarimoghaddam A, Adineh HA, Zareban I, Iranpour S, HosseinZadeh A, Kh F. Prevalence of meta-

bolic syndrome in Middle-East countries: Meta-analysis of cross-sectional studies. Diabetes Metab

Syndr. 2018; 12(2):195–201. https://doi.org/10.1016/j.dsx.2017.11.004 PMID: 29203060

38. Mazloomzadeh S, Khazaghi ZR, Mousavinasab N. The prevalence of metabolic syndrome in Iran: a

systematic review and meta-analysis. Iran J Public Health. 2018; 47(4):473. PMID: 29900131

39. Dallongeville J, Cottel D, Arveiler D, Tauber J-P, Bingham A, Wagner A, et al. The association of meta-

bolic disorders with the metabolic syndrome is different in men and women. Ann Nutr Metab. 2004; 48

(1):43–50. https://doi.org/10.1159/000075304 PMID: 14646340

40. Bentley-Lewis R, Koruda K, Seely EW. The metabolic syndrome in women. Nat Clin Pract Endocrinol

Metab. 2007; 3(10):696–704. https://doi.org/10.1038/ncpendmet0616 PMID: 17893688

41. Oori MJ, Mohammadi F, Norozi K, Fallahi-Khoshknab M, Ebadi A, Gheshlagh RG. Prevalence of HTN

in Iran: Meta-analysis of Published Studies in 2004–2018. Curr Hypertens Rev. 2019; 15(2):113–22.

https://doi.org/10.2174/1573402115666190118142818 PMID: 30657043

42. Haghdoost A, Rezazadeh-Kermani M, Sadghirad B, Baradaran H. Prevalence of type 2 diabetes in the

Islamic Republic of Iran: systematic review and meta-analysis. East Mediterr Health J. 2009; 15

(3):591–9. PMID: 19731775

43. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional diabetes

prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabe-

tes Federation Diabetes Atlas. Diabetes Res Clin Pract. 2019; 157:107843. https://doi.org/10.1016/j.

diabres.2019.107843 PMID: 31518657

44. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev Nephrol. 2020; 16

(4):223–37. https://doi.org/10.1038/s41581-019-0244-2 PMID: 32024986

45. Asgari S, Moazzeni SS, Azizi F, Abdi H, Khalili D, Hakemi MS, et al. Sex-specific incidence rates and

risk factors for hypertension during 13 years of follow-up: The tehran lipid and glucose study. Global

heart. 2020; 15(1).

46. Mohan V, Anjana RM, Unnikrishnan R, Venkatesan U, Sankari GU, Rahulashankiruthiyayan T, et al.

Incidence of hypertension among Asian Indians: 10 year follow up of the Chennai Urban Rural Epidemi-

ology Study (CURES-153). J Diabetes Complications. 2020; 34(10):107652. https://doi.org/10.1016/j.

jdiacomp.2020.107652 PMID: 32595016

47. Control CfD, Prevention. National diabetes statistics report, 2020. Atlanta, GA: Centers for Disease

Control and Prevention, US Department of Health and Human Services. 2020:12–5.

PLOS ONE Alarm of non-communicable disease in Iran

PLOS ONE | https://doi.org/10.1371/journal.pone.0260227 January 27, 2022 16 / 16

https://doi.org/10.1007/s10654-020-00668-7
http://www.ncbi.nlm.nih.gov/pubmed/32725579
http://www.ncbi.nlm.nih.gov/pubmed/31356093
https://doi.org/10.1007/s00038-016-0848-2
http://www.ncbi.nlm.nih.gov/pubmed/27349480
https://doi.org/10.1111/dar.13093
http://www.ncbi.nlm.nih.gov/pubmed/32441436
https://doi.org/10.1155/2014/943162
http://www.ncbi.nlm.nih.gov/pubmed/24711954
https://doi.org/10.4103/ijpvm.IJPVM%5F489%5F18
https://doi.org/10.4103/ijpvm.IJPVM%5F489%5F18
http://www.ncbi.nlm.nih.gov/pubmed/32577194
https://doi.org/10.1016/j.dsx.2017.11.004
http://www.ncbi.nlm.nih.gov/pubmed/29203060
http://www.ncbi.nlm.nih.gov/pubmed/29900131
https://doi.org/10.1159/000075304
http://www.ncbi.nlm.nih.gov/pubmed/14646340
https://doi.org/10.1038/ncpendmet0616
http://www.ncbi.nlm.nih.gov/pubmed/17893688
https://doi.org/10.2174/1573402115666190118142818
http://www.ncbi.nlm.nih.gov/pubmed/30657043
http://www.ncbi.nlm.nih.gov/pubmed/19731775
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://doi.org/10.1038/s41581-019-0244-2
http://www.ncbi.nlm.nih.gov/pubmed/32024986
https://doi.org/10.1016/j.jdiacomp.2020.107652
https://doi.org/10.1016/j.jdiacomp.2020.107652
http://www.ncbi.nlm.nih.gov/pubmed/32595016
https://doi.org/10.1371/journal.pone.0260227

