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Abstract

Background: Assessment of the risk of cardiovascular disease is essential for disease
prevention in every region.

Aims: This study aimed to investigate the 10-year risk of cardiovascular disease and its
determinants in an adult population in Shahroud, Islamic Republic of Iran.

Methods: A total of 4737 people aged 45—69 years were evaluated. The 10-year risk of
cardiovascular disease was calculated using the Framingham risk scoring method.
Cardiovascular disease risk is reported as per cent risk and 95% confidence intervals (Cl).
Factors affecting the risk of cardiovascular disease were assessed using multiple beta
regression analysis.

Results: The mean age of the participants was 55.9 years; 41% were males. The mean
10-year risk of developing cardiovascular disease was 16.4% (95% Cl: 16.0-16.8%); 28.3% of
the participants had a risk of more than 20% (47.8% of the men and 14.9% of the women). Age,
diabetes, smoking (only in men), high blood pressure, triglycerides (only in women), waist
circumference, total cholesterol and high-density lipoprotein cholesterol were significantly
associated with cardiovascular disease risk. In men, there was a non-significant increase in risk
with higher body mass index up to body mass index 39.9 kg/m2; however, the risk decreased
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by 4.4% at body mass index = 40 kg/m2 (P = 0.18).

Conclusions: The cardiovascular disease risk was very high, especially in men. Effective
interventions should be implemented to reduce risk factors for cardiovascular disease.
Longitudinal studies are recommended to investigate the effect of body mass index on the risk
of cardiovascular disease.
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Introduction

Cardiovascular diseases (CVDs) with about 422.7 million cases and 17.9 million deaths a year
(31% of all deaths) are the leading cause of death in the world (1,2). About three quarters of
these deaths occur in low- and middle-income countries. However, most of these deaths could
be prevented with the avoidance of certain risk factors, such as smoking, unhealthy diet,
obesity, sedentary lifestyle and alcohol use. People with CVD or those with increased risk of the
diseases require early diagnosis and therapy (2). Although the CVD deaths increased by 21%
between 2007 to 2017, the age-adjusted death rates declined during this period in all
high-income and some middle-income countries (1,3). The Islamic Republic of Iran has one of
the highest age-standardized prevalence rates of CVD (> 9000 cases per 100 000 people) (1)
and a high CVD mortality rate (4). By 2025, the burden of the CVD in the country will be more
than double the rate in 2005 (5).
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Since 2001, several guidelines have calculated and predicted the risk of CVD (6). Such
calculations are important in guiding primary and secondary prevention of CVDs (6). By
identifying CVD risk, in addition to raising awareness, appropriate interventions can be designed
and implemented at the community level (primary prevention). In addition, medications such as
lipid-lowering drugs may also be prescribed at the individual level (secondary prevention).

The Framingham risk score is one of the most widely used risk scores with a good ability to
separate high-risk individuals from others (discrimination) and to predict the risk of CVD
(calibration) (6). This score has been used in various countries as a useful tool to predict the
CVD risks (6—9). A cohort study with long-term follow-up confirmed the correctness of the
predictive power of the Framingham risk score (10).

A few studies have investigated the risk of CVD in the Islamic Republic of Iran (7,11-17), but
the results have varied because of differences in the objectives and methods; therefore, it is
difficult to draw conclusions about the risk of CVD in the country. The aim of our study was to
evaluate the risk of CVD in a population-based study using the Framingham risk score and to
identify factors associated with CVD risk in Shahroud, Islamic Republic of Iran.

Methods
Study population

Our study is based on data from the second phase of the Shahroud Eye Cohort Study, done in
Shahroud, northern Islamic Republic of Iran. Details of the study methodology have already
been described (18) but here we provide a summary of the methodology of the Shahroud Eye
Cohort Study.

In 2009, 6311 people in the 300 clusters from nine strata of Shahroud city were selected using
stratified cluster random sampling. The strata were the nine health care centres in the city and
the number of clusters was calculated proportionate to the population served by the centre. We
selected 20 people aged 40-64 years from each cluster for the study. The selected people were
interviewed and invited to have an ophthalmologic examination. Demographic characteristics,
employment status, medical and ophthalmic history were recorded for participants. The second
phase of the study began in 2014 and the participants of the first phase were invited to take
part. In the first phase, 5190 people aged 40—64 years participated in the study (82.2%
response rate). In the second phase 4737 of the participants of the first phase (91.3%) agreed
to participate. In the second, phase 5 years later, the ages of the participants ranged from
45-69 years.
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Measurements

In both phases, weight was determined using a portable digital scale (in kilograms with an
accuracy of 0.1 kg). Height was measured using non-elastic tape measure in standing position
and without shoes (in metres). Body mass index (BMI) was calculated as weight (in kilograms)
divided by the square of height (in metres). Waist circumference was measured in the horizontal
plane midway between lowest rib and the iliac crest to the nearest 0.1 cm using a non-elastic
tape measure.

A trained nurse measured blood pressure in the right hand in a sitting position after resting for 5
minutes using an electronic sphygmomanometer. Blood pressure was measured two
consecutive times with an interval of 3 minutes. After the two measurements, if a difference
between values was more than 10 mmHg in systolic blood pressure or 5 mmHg in diastolic
blood pressure, the measurement was repeated for a third time and the two measurements
closer together were used. Mean systolic and diastolic blood pressure of the two measurements
was calculated. People with high blood pressure were those with a mean systolic blood
pressure > 140 mmHg or a mean diastolic blood pressure of > 90 mmHg or who were taking
blood pressure medications.

Participants who had smoked cigarettes, the water pipe or pipe for most days of the week over
at least 6 months were considered as smokers.

Blood tests

Fasting plasma glucose, serum triglycerides, total cholesterol, high-density lipoprotein (HDL)
cholesterol and glycosylated haemoglobin (HbA1c) were measured.

All laboratory tests were performed using the Alpha Classic—At Plus autoanalyser (Tajhizat
Sanjesh Company, Islamic Republic of Iran) after 10—12 hours fasting. The kits used were
manufactured by Pars-Azmoon Company and were within the expiry date. Quality control of the
autoanalyser was done daily before the start of the measurements.

A participant was considered to have diabetes if he/she: had fasting plasma glucose > 126
mg/dL and/or HbA1c > 6.5% and/or was taking medicines to lower blood glucose.

Statistical analysis
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Variables including age, sex, systolic blood pressure, total cholesterol, HDL cholesterol, taking
blood pressure medicines, smoking and diabetes were used to calculate the 10-year risk of
CVDs as percentage according to the Framingham risk score (19). The participants with 10-year
risk more than 20% were identified as a high-risk group.

Estimated mean CVD risk and the prevalence of risk over 20% were compared by age and sex
with 95% confidence intervals (Cl). The association of CVD risk with the independent variables
was investigated using multiple beta regression models. Considering the statistical interactions
between sex and BMI, and also between age and triglycerides, the beta regression analyses
were performed for men and women separately. The significance level for all tests was 0.05 and
the effect of cluster sampling was considered in the calculation of Cls.

Ethical considerations

The study protocol was reviewed and approved by the Ethics Committee of Shahroud University
of Medical Sciences in both phases of the Shahroud Eye Cohort Study.

After explaining the purpose of the project, written informed consent was obtained from each
participant. llliterate participants signed the consent form with their fingerprint after it was
explained to them.

Results

Of the 4737 people who participated in the second phase of study, data to calculate the CVD
risk were available for 4661 people aged between 45 and 69 years, including 1907 men (40.9%)
and 2754 (59.1%) women. The mean age (standard deviation) was 55.9 (6.2) years. The mean
CVD risk per cent was 16.4% (95% CIl: 16.0-16.8%). The risk in men was 23.3% (95% Cl:
22.6—24.0%) and in women was 11.6% (95% ClI: 11.3-12.0%) (P 20%). Mean CVD risk and
prevalence of high CVD risk according to age and sex are shown in Table 1. The relationship
between the age and risk of CVD is also shown in

Figure 1

. It shows that the risk of CVD increased with age in both men and women, but the increase was
greater in men.

Age, diabetes, hypertension, waist circumference, total cholesterol and HDL cholesterol levels
were significantly associated with CVD risk in both men and women ( Table 2 ). Smoking and
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BMI > 40 kg/m2 were also associated with CVD risk in men, while triglyceride level was also
associated with CVD risk in women. Generating elasticities for the coefficients in

Table 2

showed that diabetes and hypertension increased the CVD risk by 7.6% and 5.6% in women
and 11.7% and 7.7% in men. Smoking was also an important risk factor which increased the
CVD risk by 7.4% in men. Smoking increased the CVD risk by 3.0% in women but this was not
statically significant (P = 0.059). Each 1% increase in HDL cholesterol, decreased the CVD risk
by 0.48% and 0.17% in men and women, respectively. Each 1% increase in age, waist
circumference, total cholesterol and triglycerides increased the CVD risk in women by 0.52%,
0.05%, 0.06% and 0.005%, respectively. For men these rates were 1.0%, 0.05%, and 0.11% for
age, waist circumference and total cholesterol, respectively. The CVD risk decreased by 4.4% in
men with a BMI > 40 kg/m2 (P = 0.18), while no significant association between BMI| and CVD
risk was seen in women.

The relationship of BMI with CVD risk, total cholesterol and triglycerides is shown in Figure 2.
In both sexes, higher BMI was associated with an increase in CVD risk. However, this increase
was linear in women and quadratic in men; that is, in men, the risk plateaued at BMI 35 kg/m2
and more and even decreased with further increases in BMI (BMI paradox). The associations of
total cholesterol and triglycerides with BMI were also different in men and women. In men, this
association had a reverse U shape (

Figure 2
).

Discussion

Our results showed that the risk of CVD is high in people aged 45—-69 years old in Shahroud.
The mean risk was 23.3% and 11.6% in men and in women, respectively; and 47.8% of men
and 14.9% of women had a CVD risk > 20%. This emphasizes the need for rapid
implementation of treatment and preventive interventions. Similar studies in the Islamic Republic
of Iran have reported lower risk in both males and females (11,13,15). However in a longitudinal
study in the country with a 10-year follow-up of people aged 40—75 years, a high incidence of
CVD (21.0% in men and 12.0% in women) was reported (20). Another study found that 46.5%
of Iranians were eligible for statin therapy according to the ACC/AHA guideline (21). Our
prevalence of high CVD risk (28.3%) is slightly higher than recent research in Malaysia (20.5%)
(22), Australia (19.9%) (23) and the United States of America (22.6% in hypertensive patients)
(24). The laboratory-based mean 10-year risk of fatal and non-fatal CVD in Iranian people aged
40-64 years was 11.2% in men and 9.0% in women, which similar to Cambodia and were the
highest risk of 10 countries with recent national health surveys (25). Differences in age groups,
race and ethnicity of participants, and different methods for estimating CVD risk are important
factors to consider when comparing CVD risk in above-mentioned studies.
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In our study, the risk of CVD in women was considerably higher than in many studies
(11,13,14,22,26,27). Only one American study had a similar prevalence of high CVD risk as our
study: prevalence of CVD risk > 20% was 15.0% (24) while ours was 14.9%. It should be noted
that some researchers concluded that CVD risk in women is overestimated if using the
Framingham risk score (8). Similar to other studies, CVD risk was higher in men than women,
and increased with age in both sexes (7,11,13,26,27). One of the important points of our results
was the interaction between age and sex; increased CVD risk with age was higher in men than
women. Men had a higher rate of increase in CVD risk from the age of 55 years onwards,
indicating the presence of more risk factors in men in middle age and early old age than women
of the same age. Therefore, more attention should be paid to developing prevention and
treatment interventions for men.

There was also interaction between BMI and sex for CVD risk. Increasing BMI up to 35 kg/m2
was associated with higher CVD risk in men than in women. However, in men, the risk
decreased with further increase in BMI (BMI paradox). This finding is difficult to explain and
requires further investigation. A possible explanation may be differences in the type of obesity
(abdominal versus non-abdominal) in men with BMI over 35 kg/m2 or better lifestyle (i.e.
healthier eating, more physical activity and less smoking) in this obese group. Some studies
have shown that changes in low-density lipoprotein cholesterol and triglycerides with an
increase in BMI are not the same in men and women (28). In our study, BMI above 33 kg/m2 in
men was associated with a reduction in total cholesterol and triglycerides, while this was not the
case for women. A possible explanation may be that obese men comply more with use of
lipid-lowering drugs when they reach a high level of obesity. An Iranian study in 2012 reported
that the prevalence of metabolic syndrome (which is directly related to the risk of CVD) and
those with medium risk for CVD decreased in men with a BMI of > 40 kg/m2, while it increased
linearly in women (29). In a large cohort study in the Islamic Republic of Iran, BMI was not
associated with CVD mortality in men and was inversely associated with CVD mortality in
women (30). In addition, a cross-sectional study of office workers with limited sample size did
not find any association between CVD risk (predicted by the Framingham risk score) and BMI
level (15). Furthermore, a study with an international cohort showed that CVD risk in obese and
overweight people was not higher than those with normal BMI, and a reverse J-shaped curve
persisted between BMI category and incidence of CVD outcomes (31). A longitudinal study in
the United States showed that BMI had little independent influence (0.07% per 1 kg/m2
increase) on 10-year atherosclerotic CVD risk scores (32). A systematic review of 40 cohort
studies found that overweight and obese people had better survival and lower CVD events (33).
The above-mentioned studies (31-33) highlight that BMI is not a good proxy for body fat.

As expected, having diabetes, smoking and having high blood pressure were associated with
higher risk of CVD. Other studies also have reported the same (7,8,24,34,35). Of these three
risk factors, diabetes is associated with the greatest risk of CVD. In our study, low levels of HDL
cholesterol increased the risk of CVD more significantly than high levels of total cholesterol and
triglycerides.
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The main strengths of our study are its study design, large sample size and accuracy of
measurements of the variables, including blood pressure, height, weight and laboratory
measures. However, our study has some limitations. The risks calculated in the study are based
on the Framingham model, which was assumed to be applicable to the Islamic Republic of Iran.
However, the Framingham risk score has been reported to be the most useful risk assessment
tool in Asian countries such as India (36). As ours was a cross-sectional study, the associations
found between the variables examined and CVD cannot be considered causal. In the next
phases of the Shahroud Eye Cohort Study, it will be possible to assess more accurately the risk
of CVD.

Shahroud can be considered a typical city in the Islamic Republic of Iran with population and
health indices about average for the country. Therefore, our results show that the 10-year risk of
incident CVD is high in the middle-aged and elderly Iranian population in urban areas. Our
findings may be useful for policy-making and highlight the need for a concerted effort to provide
effective interventions to reduce CVDs in the country.

Funding: The Shahroud Eye Cohort Study was supported by the Noor Ophthalmology
Research Center and Shahroud University of Medical Sciences (Grant Number 8737). Our
study did not receive any specific grant from funding agencies in the public, commercial or
not-for-profit sectors.
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Prédiction du risque de maladie cardio-vasculaire sur une période de 10
ans en République islamique d'lran, et paradoxe de I'indice de masse
corporelle

Résumé

Contextel: L'évaluation du risque de maladie cardio-vasculaire est essentielle pour la
prévention des maladies dans chaque région.

Objectifsl: La présente étude visait a étudier le risque de maladie cardio-vasculaire sur 10 ans
et ses déterminants dans une population adulte a Shahroud, en République islamique d'lIran.
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Méthodesl: Au total, 4737 personnes agées de 45 a 69 ans ont été évaluées. Le risque de
maladie cardio-vasculaire sur 10 D ans a été calculé a l'aide de la méthode de notation du risque
de Framingham. Le risque de maladie cardio-vasculaire est indiqué en pourcentage du risque et
en intervalles de confiance (IC) a 95 %. Les facteurs affectant le risque de maladie
cardio-vasculaire ont été évalués au moyen d'une analyse de régression multiple béta .

Résultatsl: L'age moyen des participants était de 55,9 ans ; 41 % étaient des hommes. Le
risque moyen de développer une maladie cardio-vasculaire sur 10 ans était de 16,4 % (IC a 95
% :16,0-16,8 %) ; 28,3 % des participants avaient un risque de plus de 20 % (47,8 % des
hommes et 14,9 % des femmes). L'age, le diabete, le tabagisme (uniquement chez les
hommes), I'hypertension artérielle, les triglycérides (uniquement chez les femmes), le tour de
taille, le cholestérol total et

le cholestérol des lipoprotéines de haute densité étaient associés de maniére significative au
risque de maladie cardio-vasculaire. Chez les hommes, on a constaté une augmentation non
significative du risque avec un indice de masse corporelle plus élevé pouvant atteindre 39,9
kg/m2 ; cependant, le risque diminuait de 4,4 % lorsque l'indice de masse corporelle était
supérieur ou égal a 40 kg/m2 (p = 0,18).

Conclusionsl: Le risque de maladie cardio-vasculaire était tres élevé, surtout chez les
hommes. Des interventions efficaces devraient étre mises en ceuvre pour réduire les facteurs
de risque des maladies cardio-vasculaires. Des études longitudinales sont recommandées pour
étudier l'effet de l'indice de masse corporelle sur le risque de maladie cardio-vasculaire.
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