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ABSTRACT

Objectives Cardiovascular mortality in Western Asia is
high and still rising. However, most data documented on
risk prediction has been derived from Western countries
and few population-based cohort studies have been
conducted in this region. The current study aimed to
present the process of pooling data and cardiovascular
disease (CVD) mortality incidences for four Iranian cohorts.
Methods From the Iran Cohort Consortium, the Golestan
Cohort Study (GCS), Tehran Lipid and Glucose Study,
Isfahan Cohort Study (ICS) and the Shahroud Eye Cohort
Study (ShECS) were eligible for the current study since
they had appropriate data and follow-up visits. Age-
standardised CVD mortality rates were estimated for ages
40-80 and 40-65 years. Cox regression was used to
compare mortalities among cohorts. Adjusted marginal
rates were calculated using Poisson regression.

Results Overall, 61291 participants (34 880 women)
aged 40-80 years, free of CVD at baseline, were included.
During 504 606 person-years of follow-up, 1981 CVD
deaths (885 women) occurred. Age-standardised/
sex-standardised premature CVD mortality rates were
estimated from 133 per 100000 person-years (95% Cl 81
to 184) in ShECS to 366 (95% Cl 342 to 389) in the GCS.
Compared with urban women, rural women had higher
CVD mortality in the GCS but not in the ICS. The GCS
population had a higher risk of CVD mortality, compared
with the others, adjusted for conventional CVD risk factors.
Conclusions The incidence of CVD mortality is high with
some differences between urban and rural cohorts in Iran
as a Western Asian country. Pooling data facilitates the
opportunity to globally evaluate risk prediction models.

BACKGROUND
Cardiovascular disease (CVD) mortality has
declined in many industrialised countries,
while more than 80% of premature deaths
due to CVD and other non-communicable
diseases occur in low-income and middle-in-
come countries.!

Like most countries in Western Asia, CVD
is the first cause of death in Iran, responsible

Strengths and limitations of this study

» The main strength of this study is the assessment
and comparing of cardiovascular disease (CVD)
mortality incidence rates using harmonised data of
four large Iranian population-based cohorts. These
values supplied much useful information about CVD
mortality compared with non-cohort studies with
less reliable International Statistical Classification of
Diseases and Related Health Problems coding (ICD).

» A high incidence of CVD mortality and premature
CVD mortality was evident in Iranian populations.
Regional differences were found in prevalence of
risk factors and also in CVD incidence adjusting for
conventional risk factors.

» Study limitation includes that we adjusted the dif-
ferences for traditional risk factors while there are
other risk factors for CVD which were not measured
in all of the cohorts.

for 46% of deaths. High prevalence of CVD
risk factors has also been reported in this
region.” Mean age-standardised cholesterol
level and body mass index (BMI) of both
genders and the mean systolic blood pressure
(SBP) of Iranian women are higher than the
global average.” The prevalence of diabetes
in Iran, in the population aged 25-64 years,
reached from 8% in 2005 to approximately
11% in 2011.* Therefore, identifying high-
risk individuals is one of the main goals of
primary level prevention and interventions
such as lifestyle changes and/or medicinal
treatments.

Two main strategies, population based
and individual based, have been proposed
by WHO for CVD prevention, both of which
require measuring the risk of CVD to shift
the risk distribution to lower levels and treat
high-risk cases.” In spite of high incidence
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of CVD outcomes in developing countries, most of the
knowledge related to risk prediction had been derived
from cohort studies in developed countries. Large popu-
lation-based cohort studies are scarce in Western Asia;
although some studies have been conducted in Iran
during the past two decades. The Iran Cohort Consor-
tium was established in 2015 with the aim of greater
collaboration between these cohorts’; data pooling was
defined as the first project to assess the incidence of
CVD mortality, using harmonised data. The pooled data
have advantages such as increasing the sample size and
raising the statistical power for the development of CVD
prediction models.” The current study clarifies the data
preparation and describes the prevalence of traditional
risk factors as well as the incidence of CVD mortality in
the cohorts.

METHODS

Based on availability of the minimum variables required
and having at least 5 years of follow-up, four studies were
selected from the cohorts listed by Iran Cohort Consor-
tium: the Golestan Cohort Study (GCS: 50 045 individuals
aged 40-75 years in phase 1, of them 11418 of the partic-
ipants were randomly selected for laboratory measure-
ments in the second phase), Tehran Lipid and Glucose
Study (TLGS: 15005 individuals in phase 1 and 3550
new participants in phase 2, aged 23 years, of them 6402
were aged 40-80), Isfahan Cohort Study (ICS: 6504 indi-
viduals aged =35 years, of them 5251 individuals were aged
40-80) and the Shahroud Eye Cohort Study (ShECS:
5190 individuals aged 40-64 years); details of all involved
cohorts have been published elsewhere.'”™" Cohorts
under study are explained in the online supplementary
material in brief. Bearing in mind the statistical and clin-
ical advantages of using individual participant data,” ' '
all the variables required for modelling were integrated.
Data assessment and harmonisation were done for both
exposures and outcomes to define common variables. All
variables were assessed for missing values. For the current
study, we considered individuals aged between 40 and
80 years. To predict CVD mortality in CVD-free individ-
uals, participants with positive or unknown history were
excluded.

Patient and public involvement

In all cohorts under study, health workers or healthcare
volunteers, who were in close contact with local commu-
nity and well respected by people, helped the investiga-
tors to explain the study to participants and invite them
based on the study objectives although they were not
involved in the design of the studies directly. A written
informed consent was obtained from participants. We
will ask the cohorts’ investigators to disseminate the main
findings of the current study to the participants with their
own discretion.

Technical information

Data related to age, educational status, history of diabetes
and hypertension, history of taking antihypertensive and
glucose-lowering medications, history of CVD and ciga-
rette smoking had been acquired by interview at the initi-
ation of the studies. Anthropometric indices (including
height, weight, waist and hip circumference), SBP and
diastolic blood pressure (DBP) were measured through
clinical examinations.'*™"? Serological data such as serum
lipids (total cholesterol and triglyceride) and serum
glucose had already been obtained in most cohorts. Self-re-
ported diabetes was defined as a self-report of physician
diagnosis and/or taking diabetes medication. Diabetes
was considered as fasting blood glucose levels>7mmol/L
or blood sugar 211.1 mmol/L, whichever was available,
or use of glucose-lowering medication. Hypertension was
defined as SBP 2140mm Hg and/or DBP >290mm Hg,
and/or intake of antihypertensive drugs. BMI was calcu-
lated as the weight in kilograms divided by the square of
the height in metres. Smoking was considered as smoking
cigarettes at least once a day.

Time to event for each participant was defined as the
interval between the time of inclusion in the study and
death caused by CVD, the date of the latest follow-up
and/or date of death due to other causes, whichever
had occurred earlier. Cohorts under study have defined
algorithms to confirm the end points.'>" In all cohorts,
the participants were followed up actively by phone inter-
views and were asked for any occurrence of major diseases
that have taken place since the previous follow-up. In the
case of any medical event leading to hospital admission
or death, complementary data, using hospital records
and/or home visits, were gathered. In case an out-of-hos-
pital death was reported, data were collected from the
death certificate and verbal autopsy. Verbal autopsies
were carried out by trained experts using predefined
questions including medical history, signs and symptoms
before death. To confirm the diagnosis, an adjudicated
committee, consisting of multiprofessional specialists,
reviewed the documents.

To estimate the incidence of CVD mortality, the
outcome was defined as deaths caused by ischaemic heart
disease (International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD10)
codes 120-125), sudden cardiac arrest (146.1) or death
caused by cerebral infarction (ICD10 codes 160-169).

Statistics

Demographic characteristics and distribution of the vari-
ables were assessed. CVD mortality rates (per 100000
person-years) were estimated in each cohort by sex
(except for those from the second phase of the GCS, as
they were duplicates). To make CVD death rates more
comparable, direct standardisation was done using two
different populations, the Iranian census data of 2011
and European standards populations verified by WHO."®
Crude and adjusted CVD mortality rates were also esti-
mated for the population aged 40-65 years at the start
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of the cohort studies; CVD mortality in this age range
could be assumed approximately as premature CVD
mortality, given both the maximum follow-up of 10 years
in the current study and 75-year life expectancy in Iran.
Since the age range between 30 and 40 years was not avail-
able in the data of some cohorts, as an ancillary analysis, we
estimated the premature CVD mortality rate in the TLGS
according to WHO definition in people aged =30 years at
baseline and <70 at the end of 10 years of follow-up.

HRs for CVD death were compared across the cohorts
using multivariable Cox proportional hazard regression,
adjusting for traditional risk factors of CVD including
age, sex, hypertension, smoking, self-reported diabetes
and BMI. Death rates were also calculated separately for
the ICS and GCS populations based on their location of
residence (urban or rural). The marginal mean of CVD
mortality rates across cohorts, location of residence and
gender were calculated using Poisson regression, adjusted
for age and other conventional risk factors.

Selection bias in cohort studies can arise from either
unwillingness to participate at the beginning or lost to
follow-up," which may result in the underestimation of
mortality rates; to check the potential effect of dropouts
on CVD mortality incidence rates, we analysed data by
inverse probability weighting of lost to follow-up.””*' The
weights for predicting no follow-up were estimated using
a logistic regression model including age, sex, education,
hypertension, BMI and smoking as exposures, which
might be associated with no follow-up. We also estimated

all-cause mortality rates among individuals aged 40-65
years.

History of CVD was not among the data obtained at the
beginning of ShECS. We designed a questionnaire to ask
all participants about the history of CVD at initiation of
the study, retrospectively. To reduce the effect of recall
bias, we used two approaches. First, transparent ques-
tions were designed to maximise the likelihood of correct
responses. Relevant questions were also asked of the
deceased individuals’ close family members. Second, we
conducted a sensitivity analysis and included all events,
regardless of CVD history at baseline in this cohort. All
analyses were performed with STATA software V.12 (Stata
Corp, College Station, Texas, USA).

RESULTS

In total, 80294 individuals were included in the cohort
studies. After removing those aged below 40 and above 80
years (14 205), and those having history of CVD (4327) or
unknown history (471) at the beginning, a total of 61291
individuals (34 880 women) remained (see online supple-
mentary figure 1). The gender proportion was almost
similar in all cohorts (range of 50.5% to 58.6% for
women, table 1). The median follow-up was over 10 years
in TLGS and ICS, and close to 10 years in the first phase
of GCS. The median follow-up was approximately 5 years
in ShECS and GCS2. Although laboratory data had not
been measured in GCSI, glucose and lipid measurements

Table 1 Characteristics of the Iranian cohort studies included in the pooling project to define prediction models for CVD

mortality

TLGSH1 TLGS2 ICS GCS1 GCS2 ShECS
Study baseline 1999 2002 2001 2004 2010 2009
Study population Urban Urban Urban-Rural Urban-Rural Urban—Rural Urban
Location Tehran Tehran Isfahan, Gonbad, Kalaleh, Gonbad, Kalaleh, Shahroud

Najafabad, Arak  Ag-Qala Ag-Qala

Age range, years >3 >3 >35 40-75 45-80 40-64
Baseline cohort 15005 3550 6504 50045 11418* 5190
size, n
Rural population, — - 27.52 76.10 81.14 -
%
Women, n (%)  55.94 50.54 51.29 57.57 52.46 58.55
Included in the 4809 927 5083 45889 10229 4583
current studyt
Women, n (%) 2723 (56.6) 449 (48.4) 2605 (51.3) 26378 (57.5) 5412 (52.9) 2726 (59.5)
Median follow-  14.1 (13.6-14.6) 9.6 (9.0-9.9) 11.3(10.9-12.3) 9.1 (8.0-10.0) 4.5 (3.9-5.0) 5.0 (4.8-5.2)
up (IQR), years
No follow-up, n 476 21 703 52 0 (O

*This sample is a subgroup of GCS1.

T Participants aged 40-80 years and free of CVD at baseline were included in the current study.
FThree hundred and forty-five individuals had no information of both CVD history at baseline and follow-up, so they were excluded as

unknown CVD.

CVD, cardiovascular disease; GCS1, Golestan Cohort Study phase 1; GCS2, Golestan Cohort Study phase 2; ICS, Isfahan Cohort Study;
ShECS, Shahroud Eye Cohort Study; TLGS1, Tehran Lipid and Glucose Study phase 1; TLGS2, Tehran Lipid and Glucose Study —new

recruited individuals in phase 2.
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Table 2 General characteristics of the individuals included in the pooling project at baseline of the cohorts

TLGS* ICS GCS1 GCS2 ShECS

Continuous variables as mean (SD)

Age, years 53.6 (9.8) 53.7 (10.4) 51.9 (8.7) 55.3 (7.9) 50.8 (6.2)

Body mass index, kg/m? 27.9 (4.6) 26.8 (4.5) 26.6 (5.4) 27.0 (5.3) 28.4 (4.9)

Waist circumference, cm 92.7 (11.2) 95.1 (12.2) 95.1 (13.7) 94.1 (13.8) -

Hip circumference, cm 101.8 (9.7) 101.7 (10.1) 99.4 (9.3) 98.9 (8.9) -

Serum cholesterol, mmol/L 5.7(1.2) 6 (1.4) - 5.3(1.1) -

Ln serum triglyceride, mmol/Lt 2.2 (0.5 ( 5) = 1.9 (0.5) =

Serum HDL, mmol/L 1.1(0.3) 1.2 (0.3) - 1.6 (0.4) -

Serum LDL, mmol/L 3.7 (1.0 3.4 (1.4) — 3.0 (0.9) —
Categorical variables as n (%)

Education, diploma and higher 1802 (31.4) 831 (16.4) 3854 (8.4) 1067 (10.4) 1906 (41.6)

Current smoking 865 (15.1) 793 (15.6) 5045 (11.0) 869 (8.5) 508 (11.1)

Diabetest 784 (13.7) 481 (9.5) - 1250 (12.3) 528 (11.5)

Self-reported diabetes§ 765 (13.3) 621 (12.2) 2902 (6.3) 999 (9.8) 508 (11.1)

Hypertension9 1926 (33.6) 1610 (31.7) 18823 (41.0) 3858 (37.7) 1843 (40.2)

Family history of CVD 944 (16.5) 485 (9.5) - - -

Family history of diabetes 1624 (28.3) 517 (10.2) = = =

*Because of small sample size of the eligible participants from the TLGS2, the values of TLGS1 and TLGS2 have been reported as TLGS.
TBecause of skewness in TG, the log transformation has been reported.
tDiabetes was defined as FBS >126 mg/dL or using glucose-lowering medication. In ShECS, the definition was based on blood

sugar >200mg/dL or using glucose-lowering medication.

§Self-reported diabetes was defined as diagnosis by physician or using glucose-lowering medication.

{[Hypertension was defined as systolic blood pressure >140 or diastolic blood pressure >90 or using antihypertensive medication.

GCS1, Golestan Cohort Study phase 1; GCS2, Golestan Cohort Study phase 2; ICS, Isfahan Cohort Study; ShECS, Shahroud Eye Cohort
Study; TLGS, Tehran Lipid and Glucose Study; HDL, High Density Lipoprotein cholesterol; LDL, Low Density Lipoprotein cholesterol; TG,

Triglycerides.

were available in the second phase (see online supple-
mentary table 1).

Given the inclusion criteria of the pooling project, the
mean ages were nearly the same from 50.8 years in the
ShECS to 55.3 years in the GCS2. More pronounced differ-
ences were observed in the literacy status of the cohorts,
where the literacy status of ‘high school and higher’
ranged from 8% in the GCS to over 40% in the ShECS.
Mean BMI exceeded the normal cut-off point of 25kg/
m? in all the studies (table 2). General characteristics of
individuals for each sex are reported in online supple-
mentary table 2.

Overall, of 61291 persons, 1255 (2.0%) individ-
uals had no information on follow-up, and 1981 (885
women) deaths were reported over 504 606 person-years.
In all the cohorts, the age-standardised CVD death rate
using the Iranian national census was higher among
men than in women; the most difference was seen in
TLGS men (452 per 100000 person-years; 95% CI 360
to 543) compared with women (204 per 100 000 person-
years; 95% CI 138 to 270, table 3). CVD mortality rates
differed between the cohorts, especially among women
(table 3); CVD mortality rates in women varied from 204
per 100000 person-years (95% CI 138 to 270) in TLGS
to 463 per 100000 person-years (95% CI 425 to 499)
in GCS, which also exhibited higher mortality rates in

men. Using TLGS as the reference, multivariable Cox
model adjusted for age, sex, hypertension, smoking,
self-reported diabetes and BMI resulted in significant
regional differences in CVD mortality rates of GCS in
both men (HR 1.72, 95% CI 1.38 to 2.14) and women
(HR 2.65, 95% CI 1.95 to 3.60).

CVD mortality rates in individuals aged 40-65 years are
illustrated in table 4. The incidence of age-standardised
CVD deaths using the Iranian national census varied
from 76 per 100000 person-years (95% CI 31 to 121)
to 274 per 100000 person-years (95% CI 251 to 298) in
women and from 145 per 100000 person-years (95% CI
74 to 215) to 374 per 100 000 person-years (95% CI 342
to 406) in men; in both genders, the lowest CVD death
rate was observed in the ShECS and the highest in the
GCS. Significant differences were detected between
the CVD mortality rates of GCS and TLGS in men (HR
1.92,95% CI 1.38 to 2.63) and women (HR 3.03, 95% CI
2.01 to 4.59). We also estimated standardised all-cause
mortality rates using the Iranian national census in indi-
viduals aged 40-65 years at baseline; the values were
329 (95% CI 274 to 385), 518 (95% CI 438 to 599), 880
(95% CI 848 to 912) and 286 (95% CI 213 to 359) per
100000 person-years in TLGS, ICS, GCS and ShECS,
respectively.
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Table 3 CVD mortality rates per 100000 person-years in three population-based cohort studies in Iran, ages 40-80years

10-year CVD Person-

Crude mortality

Direct
standardised
mortality rate

Direct
standardised
mortality rate

Multivariable

mortality, n years rate (95% ClI) (95% CI)* (95% CI)t adjusted HRst P values

Total

TLGS 145 49043 296 (251 t0 348) 328 (271 to 384) 393 (326 to 461) 1 -

ICS 132 38434 344 (290 to 407) 343 (283 to 402) 409 (337 to 480) 1.10 (0.86-1.39) 0.450

GCS 1677 394364 425 (405to 446) 542 (514 to 570) 629 (595 to 663) 2.00 (1.68-2.39) <0.001
Women

TLGS 44 27045 163 (121t0219) 204 (138 to 270) 263 (171 to 355) 1 -

ICS 52 19641 265 (202 to 347) 283 (204 to 363) 326 (233 to 420) 1.38 (0.92-2.07) 0.118

GCS 778 299046 339 (317 to 364) 463 (425 to 500) 571 (498 to 645) 2.65 (1.95-3.60) <0.001
Men

TLGS 101 21998 459 (378 t0 558) 452 (360 to 543) 543 (434 to 652) 1 -

ICS 80 18793 426 (342 to 530) 402 (313 to 492) 482 (376 to 589) 0.97 (0.72-1.30) 0.820

GCS 899 165318 544 (509 to 581) 622 (579 to 664) 776 (696 to 856) 1.72 (1.38-2.14) <0.001

Shahroud Eye Cohort Study was not included in this part of estimations since all of the participants were under 65 years.
*Age adjustment based on Iranian national census,

TAge adjustment based on ‘European’ standard population.
FHRs based on Cox model adjusted by age, sex, hypertension, smoking, self-reported diabetes and body mass index.
CVD, cardiovascular disease; GCS, Golestan Cohort Study (phase 1); ICS, Isfahan Cohort Study; TLGS, Tehran Lipid and Glucose Study.

To consider the potential effect of dropouts, we re-es-
timated crude CVD mortality rates applying the inverse
probability weights of no follow-up; since the results did
not change, for simplicity, the results without weighting

are reported. Sensitivity analysis of ShECS showed that
the standardised CVD mortality rate rose to 229 per
100000 person-years (95% CI 163 to 295), which was still
lower than the Golestan mortality rate.

Table 4 CVD mortality rates per 100000 person-years in four population-based cohort studies in Iran, ages 40-65years

10-year Direct
CVvD standardised Direct standardised
mortality, Person- Crude mortality mortality rate mortality rate Multivariable
n years rate (95% Cl) (95% CI)* (95% CI)t adjusted HRsf P values
Total
TLGS 66 42787 158 (125t0202) 153 (115to 191) 183 (139 to 228) 1 -
ICS 56 32223 178 (137 to0231) 173 (127 to 218) 196 (144 to 249) 1.17 (0.82-1.67) 0.394
GCS 1080 361418 303 (285to 321) 324 (304 to 344) 366 (343 to 389) 2.30 (1.79-2.96) <0.001
ShECS 27 22744 119 (82 to 174) 118 (72 to 163) 133 (81 to 184) 0.85 (0.54-1.34) 0.477
Women
TLGS 24 24314 101 (68 to 150) 95 (57 to 134) 118 (71 to 165) 1 -
ICS 20 16641 123 (79to 191) 121 (68 to 175) 131 (72 to 190) 1.27 (0.70-2.29)  0.434
GCS 540 213755 256 (23510 278) 274 (251 to 298) 316 (288 to 344) 3.03 (2.01-4.59) <0.001
ShECS 11 13566 81 (45 to 147) 76 (31 to 121) 87 (34 to 139) 1.02 (0.49-2.09) 0.963
Men
TLGS 42 18473 235(1741t0318) 211 (146 to 276) 251 (175 to 328) 1 -
ICS 36 15582 236 (170to 327) 222 (148 to 296) 262 (175 to 349) 1.09 (0.70-1.71)  0.693
GCS 540 147663 371 (341 to 404) 374 (342 to 406) 426 (388 to 463) 1.92 (1.38-2.63) <0.001
ShECS 16 9178 175 (107 to 285) 145 (74 to 215) 173 (87 to 259) 0.76 (0.42-1.36) 0.353

*Age adjustment based on Iranian national census.

TAge adjustment based on ‘European’ standard population.
FHRs based on Cox model adjusted by age, sex, hypertension, smoking, self-reported diabetes and body mass index.
CVD, cardiovascular disease; GCS, Golestan Cohort Study (phase 1); ICS, Isfahan Cohort Study; ShECS, Shahroud Eye Cohort Study; TLGS,
Tehran Lipid and Glucose Study.
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Figure 1 Adjusted CVD mortality rates across cohorts,
location of residence and genders. CVD, cardiovascular
disease; GCS, Golestan Cohort Study (phase 1); ICS, Isfahan
Cohort Study; ShECS, Shahroud Eye Cohort Study; TLGS,
Tehran Lipid and Glucose Study. Adjustment was for age,
sex, hypertension, smoking, self-reported diabetes and body
mass index.

Online supplementary figure 2 illustrates the Kaplan-
Meier survival curve and Cox age-adjusted survival
estimates plotted on the same graph, for each cohort
separately. Fully-adjusted CVD mortality rates by cohort,
residential area and gender are illustrated in figure 1.
The death rate among rural women in GCS was higher
than in urban women, although urban and rural men in
this cohort showed no differences.

DISCUSSION

We presented the prevalence of CVD risk factors and
the incidence of CVD mortality in four cohorts from the
Western Asia region using harmonised data. A high inci-
dence of CVD mortality and premature CVD mortality
was evident in urban and rural Iranian populations with
some differences among different cohorts.

A study in urban and rural communities in 17 coun-
tries showed that the rates of CVD events were higher in
low-income and middle-income countries than in high-in-
come countries. Rural communities had also the higher
rates of CVD events despite the lower risk factor burden.?
According to WHO report in 2010, the age-standardised
rates of CVD and diabetes-related deaths in Iran were
421 per 100000 in men and 348 per 100000 in women.*
These rates were much higher when compared with
those of developed countries; for example, the values in
the Netherlands were 151 per 100000 in men and 93 per
100000 in women. The same report showed CVD and
diabetes-related mortalities to be 191 and 122 in Amer-
ican men and women.* Cardiovascular and diabetes
mortality in some countries like Egypt had the same

pattern (427 per 100000 in men and 384 per 100000) as
Iran, however, the incidence in some neighbouring coun-
tries was lower; these estimates in Turkey equalled 268 per
100000 in men and 245 per 100000 in women.*”

In the current study, CVD mortality rates in the popula-
tion aged 40-80 years ranged between 482 and 776 in men
and 263 and 571 in women across the cohorts studied.

Previous studies have shown that traditional risk factors
of CVD have increased in the past two decades in Iran.***
CVD risk factors also have a high prevalence in other
countries in the region. According to WHO, the highest
prevalence of diabetes in 2008 was reported in both the
Eastern Mediterranean Region and the Region of the
Americas (11% for both).” The prevalence of hyperten-
sion in most countries of the West Asia was over 30% in
2008.% Despite high incidence of CVD mortality in all the
cohorts under study, GCS showed a higher risk for CVD
mortality in population aged 40-65 years, which remained
even after controlling for traditional risk factors. The
high CVD mortality rate in Golestan warrants further
study. There is a high prevalence of hypertension in the
Golestan cohort. According to previous studies, only 46%
of those with hypertension were aware of their disease.”” A
national study in Iran in 2005 showed that 53% of deaths
among individuals, aged over 30 years, were due to CVD,
and that hypertension had the highest impact.” If SBP
had been controlled at normal levels, about one-third of
the ischaemic heart diseases and half the cerebrovascular
attacks potentially could have been prevented.*® Although
statistical adjustment for hypertension attenuated the esti-
mated differences between the GCS and other cohorts,
the residual confounding regarding the quality of treat-
ment is yet another concern. Literacy status of the GCS
differed considerably from the other cohorts, likely due
to the higher proportion of the rural population. Educa-
tional status is one of the most important factors affecting
individuals’ health literacy.”” ** Adjusting for educational
status did not eliminate the differences between cohorts;
residual confounding regarding the precise measure-
ment of education is still a concern. The CVD mortality
rate differed significantly between the urban and rural
female populations of the GCS. The coverage of diabetes
and hypertension management was lower in rural versus
urban areas. Increasing the number of health centres
might be effective in controlling diabetes and hyperten-
sion, and hence result in lower CVD mortality.’

Furthermore, opium use has been reported 17% in
the GCS study.® Although there is no information on
opium use in other cohorts, the prevalence of drug abuse
in the general population in national level, particularly
for opiates, varied between 1% and 3%, bearing in mind
some differences in methodologies.”™ Considering a
significant impact of opium use on death caused by isch-
aemic heart disease (HR 1.90, 95% CI 1.57 to 2.29) and
stroke (HR 1.68, 95% CI 1.29 to 2.18),” the higher preva-
lence of opium use may affect the CVD mortality in GCS.

Many studies have mentioned the association between
race and CVD.”>™ A large proportion of Golestan
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participants were from Turkmen ethnicity and the
differences in death rates could have been affected by
ethnic factors. We also estimated standardised all-cause
mortality rates across the cohorts. As all-cause mortality
is not affected by the medical classification and coding
mechanism, detecting the same patterns of mortality
rates shows less probability of miscoding. Itis concluded
that both all-cause and cause-specific CVD mortality
rates are higher in GCS than the other cohorts, consid-
ering the low probability of different coding practices
and comprehensive follow-up in the GCS.

We showed that between 100 and 400 out of 10000
individuals, aged 40-65 years, will die within the next 10
years of their life. The crude CVD mortality in the TLGS
population, aged 40-65 was 235 (95% CI, 174 to 318)
and 101 (95% CI, 68 to 150) per 100000 person-years
in men and women, respectively. The corresponding
rates, according to WHO definition for premature CVD
death, were 181 (95% CI, 140 to 240) and 65 (95% CI,
45 to 100) per 100 000 person-years. Although the latter
showed that there is a kind of overestimation, CVD
mortality in this age range is still considerable.

Premature CVD deaths occur in the most productive
years and can place a heavy burden on the economics of
a country. It has previously been shown that the highest
burden of premature CVD is due to dyslipidaemia in
men and due to type 2 diabetes in women; overweight
and prediabetes have also been reported to be among the
main determinants of these events in Iranian women.*
Considering the preventable nature of CVD mortality,
expanding appropriate interventions should be priori-
tised in public health strategies. Such prioritisation may
be assisted by a prediction model to identify those with
high CVD risks.

While our study with large population and long
follow-up supplied much useful information about
CVD mortality compared with non-cohort and extrap-
olated estimates, it has some limitations. We adjusted
for conventional risk factors while there are other
risk factors for CVD such as diet, glomerular filtration
rate, serum cystatin C or C reactive protein. These risk
factors had not been measured in all cohorts.”” ™ More-
over, selection bias may affect the results, although we
checked it using inverse probability weighting® *'; the
potential effect of unwillingness to participate is still
under debate.

Furthermore, the baseline history of CVD was not
available in ShECS; however, we collected the rele-
vant data and tried to check its effect in a sensitivity
analysis. The time periods of the studies were not
equal either, which makes comparisons rather diffi-
cult in some cases, though such issues have also been
observed in many data aggregation projects before.*’*!
Moreover, we could not estimate the premature rates
of CVD mortality according to WHO definition, since
we did not have a population aged 30 to 40years at the
baseline of some cohorts; so the results of estimating
premature CVD mortality may have some kind of

overestimation and any interpretation should be made
with caution.

CONCLUSIONS

Using a harmonised data of four population-based
cohorts, we confirm the higher incidence rates of CVD
mortality in Western Asia compared with developed coun-
tries, with some differences between regions. Since the
majority of CVD deaths, especially premature ones, can
be averted through appropriate individual and popula-
tion-wide interventions, detection of high-risk individuals
for optimum service delivery is necessary. Such interven-
tions may be assisted by a prediction model to identify
those with high CVD risks.
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