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Abstract

Background: High blood pressure is the second most important risk factor of cardiovascular diseases (CVDs) in Iran. It is imperative to
estimate the burden of CVDs that can be averted if high blood pressure is controlled at the population level. The aim of the current study
was to estimate the avertable CVD mortality in the setting of Golestan Cohort Study (GCS).

Methods: Over 50,000 participants were recruited and followed for a median of 7 years. The exposures of interest in this study were
non-optimal systolic blood pressure (SBP) and hypertension measured at baseline. Deaths by cause have been precisely recorded. The
Population Attributable Fraction (PAF) of deaths and Years of Life Lost (YLLs) due to CVDs attributable to exposures of interest were
calculated.

Results: Overall, 223 deaths due to ischemic heart disease (IHD), 207 deaths due to cerebrovascular accidents (CVA), and 460 deaths
due to all CVDs could be averted if the SBP of all subjects in the study were optimal. Similarly, 5,560 YLLs due to IHD, 4,771 YLLs due to
CVA, and 11,135 YLLs due to CVDs could be prevented if SBP were optimal. In all age groups, the avertable deaths and YLLs were higher
due to IHD compared with CVA. Deaths and YLLs attributable to non-optimal SBP in women were less than men

Conclusions: A very large proportion of CVD deaths can be averted if blood pressure is controlled in Iran. Effective interventions in

primary and secondary health care setting are mandatory to be implemented as early as possible.
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Introduction

ardiovascular diseases are now the most common cause of

death in many low- and middle-income countries,

including Iran. The Global Burden of Disease study has
reported that the share of deaths due to cardiovascular diseases in
Iran increased from 31.9% in 1990 to 46.8% in 2010.* It is also
reported that high systolic blood pressure is the second most
important risk factor for all deaths as well as cardiovascular deaths
in Iran and has retained its rank since 1990. Additionally, almost
one-half of deaths caused by cardiovascular diseases are
attributable to high systolic blood pressure in Iran.:2 A study by
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Farzadfar and colleagues, using data from the 1% National
Surveillance of Risk Factors of Non-Communicable Diseases in
2005, reported that the fraction of all deaths attributed to high
systolic blood pressure ranged from 45% to 63% in different sub-
regions of Iran.>® Another study by Karami and colleagues, using
data from the 5™ National Surveillance of Risk Factors of Non-
Communicable Diseases in 2009, reported that the fraction of
incident strokes attributable to hypertension was approximately
41%.57 However, these reports were based on relative risks
estimated through comparative risk assessments methods at the
global scale,*®*? rather than relative risks obtained from studies
conducted in Iran. The reason is the inavailability of results from
large-scale, long-term cohort studies in Iran.

The aim of this study was to assess the fraction of deaths and
Years of Life Lost (YLLS) due to ischemic heart disease (IHD),
cerebrovascular accidents (CVA), and all cardiovascular diseases
combined (CVDs) that are attributable to non-optimal systolic
blood pressure (SBP) and hypertension in the Golestan Cohort
Study (GCS).

Methods
Golestan Cohort Study

The details of the GCS have been described in previous studies.*4
Briefly, 50,045 participants aged 40 to 75 years living in Gonbad



city and 326 villages, all in Golestan Province in northeastern Iran,
were recruited from January 2004 to June 2008. Rural participants
were recruited from the whole population of 326 villages of the
Golestan province. Urban dwellers were recruited from Gonbad city
by cluster sampling. The only exclusion criteria were unwillingness
to participate in the study or being a temporary resident. At baseline,
data on demographic and lifestyle characteristics, past medical and
medication history, as well as family history were collected by trained
interviewers using structured questionnaires. Anthropometric and
blood pressure measurements were done by trained health personnel
in the primary health care of Iran, who are called “Behvarz” and are
responsible for vaccination, family planning, vital registration, and
primary care for communicable and non-communicable diseases.
Blood pressure was measured twice from each arm in the sitting
position, with a 10-minute interval between measurements. Using
Richter auscultatory sphygmomanometers, measurements were
done.

All GCS participants were followed annually. Follow-up was
primarily done using annual phone calls to the participant, but
other measures were also used, such as contacting friends and
family members and the Behvarz in charge of participant’s
health. Using these methods, the success rate of follow up was
over 99%. If a death was reported by telephone calls, Behvarz or
the death registry, a physician performed a verbal autopsy. At the
same time all medical documents available in Golestan Province
or the neighboring provinces for that participant were collected.

For 65% of patients, extensive medical documents, as well as
verbal autopsy, were used to determine the cause of death. For the
remaining 35%, medical documents were not available and only
verbal autopsy was used.!®* Previous studies have demonstrated
that verbal autopsy is accurate in this population for determining
the cause of death, especially for major categories of causes of
death. In this study, two separate internists reviewed all existing
documents and determined the cause of death based on ICD-
10 codes. If the internists didn’t reach agreement, a third more
experienced internist made the final diagnosis.™®

Statistical analysis

For this analysis, we used Cox proportional hazards regression
models to estimate hazard ratios (HRs) and 95% confidence
intervals (95% Cls) for the association of exposures and outcomes
of interest. All subjects suffering from heart disease, CVA, or other
vascular diseases at baseline were excluded from this analysis.

The exposures of interest were non-optimal SBP and
hypertension. Non-optimal SBP was defined as SBP equal to or
more than 120 mmHg. Adjusted HRs were calculated for SBP,
which was divided into four categories defined by the Joint
National Committee 7" report (unchanged in 8" report): optimal
(<120 mmHg), prehypertension (120 — 139 mmHg), hypertension
stage | (140 — 159 mmHg), and hypertension stage Il (160 mmHg
and above).”® Prehypertension is equivalent to normal and high
normal SBP based on the guideline of the European Society of
Hypertension and the European Society of Cardiology (ESH/
ESC). Hypertension stage Il is equivalent to Stages Il and Il
defined by ESH/ESC.*® Hypertension, as a binary variable, was
defined as high systolic, diastolic blood pressure > = 140/90
mmHg or being under treatment for hypertension.

The outcomes of interest were death and YLLs caused by
ischemic heart disease (IHD), cerebrovascular accidents
(CVA), and all cardiovascular diseases (CVDs), defined as the
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combination of IHD, CVA and all other cardiovascular diseases
classified based on ICD-10 codes. Other cardiovascular diseases
were hypertensive heart diseases, cardiac arrest, heart failure,
pulmonary heart diseases, and peripheral vascular diseases. YLL
was calculated as the highest predicted life expectancy (predicted
for Japanese women in 2010) at the age of death for each subject
(Web Table 1).7

In the adjusted analyses, HRs were adjusted for age, sex,
ethnicity  (Turkmen/non-Turkmen), residence (urban/rural),
marital status (married/non-married), wealth score measured by
multiple correspondence analysis (MCA),® body mass index
(BMI), physical activity (metabolic equivalent task),'® tobacco
use, opium use, alcohol use, diabetes, and education. We used
education and wealth score as indicators of socioeconomic status.
Education (highest level attained) was categorized into: illiterate,
under five years of schooling, 6 — 8 years of schooling, high
school diploma, and university education. Among confounders,
seX, ethnicity, residence, marital status, tobacco use, opium use,
alcohol use, and diabetes were binary. Age, MCA, BMI, and
physical activity were continuous. Education was defined as a
categorical variable.

To handle missing or implausible data, values of SBP outside
the plausible range (40 — 300 mmHg) were categorized as missing
based on the definition of WHO for plausible range.® Deaths
caused by unknown diseases were also categorized as missing.
However, as missing values were minimal (75 cases), complete
case analysis was done.

We computed the proportional reduction of disease specific
deaths that would occur if exposure to non-optimal SBP in the
real world (the baseline scenario) were reduced to optimal SBP
(alternative or fantasy scenario) while all other risk factors were
assumed to remain the same. Parallel to this fantasy scenario, we
also hypothesized a second fantasy scenario, based on which we
computed the proportional reduction of deaths that would occur
if no one in the population was hypertensive, while all other risk
factors were assumed to remain the same. This metric, called the
Population Attributable Fraction (PAF), was calculated based on
the following formula:

2L, P(RR-1)
| P(RRAD)+1

PAF=

where RR; is the RR for exposure category i, P, is the fraction
of the population in exposure category i, and n is the number of
exposure categories.

These two fantasy scenarios are parallel and separate definitions
of optimal blood pressure at the population level that have been
compared with each other in this study. PAFs and their 95%
uncertainty intervals (95% UI) were computed for all participants,
and stratified by gender and age groups categorized into: 40 — 49,
50-59, 60-69, and 70 years old and above. PAFs were then used
to calculate deaths and YLLs due to IHD, CVA, and all CVDs that
could be averted if SBP were optimal or no participant in GCS
study had hypertension. All analyses were done in Stata statistical
software version 12 (StataCorp, College Station, TX).20

The study was approved by the ethics committee of Tehran
University of Medical Sciences, and a written informed consent
was signed by all participants in the study. Illiterate invitees were
asked to visit the study center and observe the procedures before
signing the written informed consent.
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Web Table 1. Predicted life expectancy for age of death

Age of Death Predicted Life Expectancy

40 46.64
41 45.67
42 44.71
43 43.74
44 42.77
45 41.80
46 40.85
47 39.90
48 38.95
49 38.00
50 37.05
51 36.12
52 35.19
53 34.25
54 33.32
55 32.38
56 31.47
57 30.55
58 29.64
59 28.73
60 27.81
61 26.91
62 26.00
63 25.10
64 24.20
65 23.29

Age of Death Predicted Life Expectancy
66 22.42
67 21.55
68 20.68
69 19.80
70 18.93
71 18.10
72 17.28
73 16.45
74 15.62
75 14.80
76 14.04
7 13.27
78 12.51
79 11.75
80 10.99
81 10.32
82 9.65
83 8.98
84 8.31
85 7.64
86 7.12
87 6.61
88 6.09
89 5.57
90 5.05

*Years of Life Lost (YLL) equals predicted life expectancy at the age of death*

‘Murray CJL, Ezzati M, Flaxman AD, Lim S, Lozano R, Michaud C, et al. GBD 2010: design, definitions, and metrics. Lancet. 2012; 380: 2063 — 2066.

Results

The analysis in the current study included 46,674 subjects free
from heart disease, CVA, or any other cardiovascular disease at
baseline, followed up until October 30™, 2013. Participants were
followed for a total of 328,079 person-years, with a median follow
up of 7.1 years. Approximately 58% of the study participants
were women, 76% were of Turkmen ethnicity, 81% were rural
dwellers, 88% were married, and 70% were illiterate.

The mean age of participants at baseline was 51.6 years (SD:
8.8). The mean SBP + SD was 127.0 + 23.9 mmHg and the
mean DBP + SD was 77.0 = 13.7 mmHg. The mean + SD for
SBP by sex and age are shown in Table 1. SBP and DBP were
significantly higher in women than in men (p < 0.001), and were
significantly higher in older than in younger age groups in both
men and women (p < 0.001). High DBP (> 90 mmHg) was also
significantly more common among women than men (20.7% vs
17.1%, p-value < 0.001). Likewise, a higher percentage of women
were under anti-hypertensive treatment than men (19.6% vs 7.7%,
p-value < 0.001).

Overall, 38.4% of the participants had optimal SBP, 33.8% had
prehypertension, 17.2% had hypertension stage I, and 10.6%
had hypertension stage II. A higher percentage of women than
men fell into the categories of hypertension stages | and Il. As
expected, higher percentages of older than younger participants
were also found in the hypertension categories. Both non-optimal
SBP and hypertension were significantly more prevalent in those
who were Turkmen, illiterate, or non-married. Unexpectedly,
these blood pressure abnormalities were also more prevalent in
participants with no history of smoking, opiate, or alcohol use.
Non-optimal SBP and hypertension were also more frequent in
diabetic participants, and their prevalence increased with rising
BMI (Table 1).

In total, 829, 483, and 1,438 deaths occurred due to IHD, CVA,
and overall CVDs, respectively. The corresponding YLLs were
20,593, 11,097, and 34,800 years (Table 2). The number of deaths
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was highest in the age group of 60 — 69 years, while YLLs were
the highest in the age group of 50 — 59 years (Table 2). Deaths due
to IHD, CVA, and CVD in women were less than men. Similarly,
IHD and CVD caused less YLLs in women than men while CVA
caused more YLLS in women.

PAFs and their 95% uncertainty intervals attributable to non-
optimal SBP and hypertension are shown in Table 3. The PAFs
attributable to hypertension for IHD, CVA, and all CVDs were
30% (25% — 35%), 48% (43% — 54%), and 35% (32% — 39%),
respectively in all participants. The PAFs for non-optimal SBP
were only slightly (3% — 5%) lower in each category of death.
Generally, the PAFs were higher for CVA mortality than those for
IHD mortality.

Overall, 223 (149 — 298) deaths due to IHD, 207 (149 — 255)
deaths due to CVA, and 460 (359 — 546) deaths due to all CVDs
could have been prevented if the isolated SBP of all participants in
the study had been in the optimal range. Similarly, 5,560 (3,706 —
7,413) YLLs due to IHD, 4,771 (3,439, 5,881) YLLs due to CVA,
and 11,135 (8,699 — 13,223) YLLs due to all CVDs could have
been prevented if SBP were optimal. On the other hand, 248 (207
— 290) deaths due to IHD, 231 (207 — 260) deaths due to CVA,
and 503 (460 — 560) deaths due to all CVDs would have been
prevented if no one in the GCS had been hypertensive. Similar
figures for YLLs were 6,177 (5,148 — 7,207) due to IHD, 5,326
(4,771 -5,992) due to CVA and 12,179 (11,135 - 13,571) due to
all CVDs.

Figure 1 shows the IHD, CVA, and CVD deaths attributable to
non-optimal SBP and hypertension. In all categories of causes of
death, more deaths and YLLs were attributable to hypertension
than to non-optimal SBP.

Figure 2 shows the same results stratified by age groups. In all
age groups except for the oldest age group, the avertable deaths
and YLLs were higher due to IHD than to CVA. The avertable
deaths were highest in the age group of 60 — 69 years. However,
the YLLs were higher in the younger 50 — 59 year age group,
which is to be expected.
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Figure 1. Deaths due to IHD, CVA, and CVD attributable to non-optimal SBP and Hypertension
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Figure 2. Deaths and YLLs attributable to non-optimal SBP and hypertension, by age group. A) Deaths attributable to non-optimal SBP;
B) YLLs attributable to non-optimal SBP; C) Deaths attributable to hypertension; D) YLLs attributable to hypertension.
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Figure 3. Deaths attributable to non-optimal SBP and hypertension in women and men. A) Deaths attributable to non-optimal SBP;

B) Deaths attributable to hypertension
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The CVD deaths attributable to non-optimal SBP and
hypertension, stratified by sex, are shown in Figure 3. PAFs
(Table 3) and the number of deaths due to IHD and overall CVDs
attributable to non-optimal SBP were lower in women than in men,
while for CVA the opposite was true. On the other hand, PAFs
and deaths due to IHD and overall CVD that were attributable to
hypertension were slightly higher in women than in men, and both
PAFs and CVA deaths attributable to hypertension were lower in
women than in men.

Discussion

Our results indicate that during a median follow-up of 7 years in
the GCS, over 450 CVD deaths could be prevented if SBP were
optimal and over 500 CVD deaths could be averted if no one in the
GCS sample were hypertensive in its classical definition. Among
all participants, both sexes and all age groups, PAFs of non-optimal
SBP ranged from 0.27 for IHD to 0.43 for CVA. Corresponding
figures attributable to hypertension were 0.30 for IHD to 0.48
for CVA. PAFs were higher for CVA compared to IHD because
of their higher adjusted relative risks. However, avertable CVA
deaths were fewer than IHD deaths due to the lower number of
overall CVA deaths. PAFs of IHD and CVD deaths attributable to
hypertension were higher in women than in men, because a higher
percentage of women were under anti-hypertensive treatment or
had high DBP.

There is only one comparable longitudinal study in Iran that
estimated the CVD deaths attributable to high blood pressure
in the general population free from cardiovascular disease. The
researchers of the Tehran Lipid and Glucose Study (TLGS)
conducted this study among residents free from CVD in Tehran,
the capital of Iran, following them for a median of 9.3 years until
2009. Their initial report of the first 2,378 participants showed
that over 45% of incident cases of stroke were attributable to
hypertension.? In a later analysis, the TLGS investigators reported
that the PAF of incident coronary heart disease (CHD), incident
CVD, and all-cause mortality attributable to type 2 diabetes were
21%, 22%, and 24% respectively among all 6331 participants.??
In another more recent analysis, they have also reported PAFs
of hypertension in diabetic and non-diabetic participants of the
TLGS. PAFs in non-diabetic subjects for incident CHD, incident
CVD, fatal CVD, and all-cause mortality were 24.1%, 26.6%,
44.9%, and 29.6%, respectively, and all of these figures were
higher in diabetics. All of these estimates are consistent with the
results of the present study.

However, the current study has certain strengths compared to this
previously conducted study. The GCS is a large-scale population-
based study with a nearly complete (over 99%) follow-up rate. The
participants include both rural and urban dwellers; therefore this
study is more representative of the general population of Iran than
the all-urban TLGS study. In addition, the relative risks used for
the PAF estimates were derived from the entire GCS population.

Our study has certain limitations as well. Estimated risk
functions were based on single measurements rather than “‘usual’
levels, which imposed the regression dilution bias on our results.
A second limitation was a probable inconsistency in recording
hypertension treatment. In the setting of rural areas many subjects
may report that they take anti-hypertensive medication, but in
fact they don’t adhere to treatment. Conversely, they may take
medications prescribed for them but may not know the names or
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uses of the drugs they take. This again may lead to a dilution of
the results. Yet these results reflect the clinical setting realistically,
where patients may have reported similar problems.

The results of the current study have certain significant
implications for medically approved clinical guidelines, national
and subnational policy making as well as priority setting in Iran.
Extrapolating the results based on national death registry can
reveal the seriousness of the burden that non-optimal systolic
blood pressure imposes on lranians. Farzadfar, et al. have
estimated that 80,000 deaths could have been averted in Iran in
2005, if SBP were optimal among Iranians.® As Iran transitions
in its epidemiologic pattern of morbidity and mortality from
predominantly infectious to predominantly chronic diseases, the
healthcare system should be more prepared to provide care for risk
factors of chronic diseases, such as high blood pressure.

Considering that high blood pressure is often asymptomatic,
implementing effective interventions can be quite challenging.
Detection of asymptomatic high blood pressure in the general
population is relatively difficult, and requires periodic screening
and surveillance of individual levels and trends of blood pressure
on a national scale. This is the mainstay of primary prevention
of morbidity and mortality due to high blood pressure, and it is
the first crucial step for evidence-based policy making. The recent
approach of WHO towards national surveillance of CVD risk
factors is the major strategy that has been adopted so far in several
countries, including Iran. This surveillance was performed six
times in Iran between 2005 and 2011.°

In addition, enhancing the knowledge and awareness of both
health care providers and the general public by mass media and
other public venues can be substantially effective.?* A recent
study by Malekzadeh, et al. has demonstrated that only 46% of
hypertensive participants in the GCS were aware of their high
blood pressure.? Providers should be oriented toward the necessity
of screening in primary or secondary care settings. People should
also be encouraged to perform self-care, which is a very important
strategy in controlling risk factors as well as overt CVDs.?

After detection of high blood pressure in asymptomatic
individuals, it is still difficult to change the attitude of these people
and their health care providers towards the necessity of adopting a
healthier lifestyle. Healthier behaviors include reducing salt intake,
weight loss, and increasing fish oil consumption, all leading to
reduced hypertension and a reduced risk of CVDs. However, it is
worth noting that evidence regarding the long-term effectiveness
of non-pharmacological interventions is controversial.?” Still, trials
on the effectiveness of decreasing salt intake in controlling and
preventing high blood pressure are numerous.?-% Salt reduction
can be achieved through individual-level consultations teaching
people to use less salt in cooking and add less salt to foods at
the table. At the population level, salt intake can be reduced by
devising and implementing policies to supervise food industries
and set standards on the amount of salt allowed in processed
food.®

Pharmacological interventions are the last strategy that can
be adopted for controlling high blood pressure. The efficacy of
interventions for such secondary prevention is well established.’
However, recent evidence suggests that medical treatment can
also be useful for primary prevention, especially for those older
than 50 years of age. In their pivotal paper in 2003, Wald and
Law suggested that primary prevention with anti-hypertensive
treatment in individuals older than 55 years, could potentially



prevent over 80% of incident CVDs.* To overcome this problem
of adherence to multidrug treatment, they suggested a combination
of statins, three blood pressure lowering drugs, folic acid, and
aspirin — collectively named Polypill — to be prescribed for the
primary prevention of cardiovascular diseases.* Ongoing clinical
trials are testing the effectiveness of various combinations of such
Polypills,®2 and some of these studies have affirmed the potential
effectiveness of Polypill prescription in primary prevention.®=¢
A few meta-analyses have been done in this regard as well.°
However, the cost-effectiveness, feasibility, and acceptability of
this prevention strategy remain to be investigated.

In effect, considering the prevailing and rising epidemic of CVDs
in Iran, it is mandatory that clinical guidelines and population-
based primary care interventions be developed for monitoring and
controlling the major risk factors of CVDs as soon as possible.*-4?

In conclusion, non-optimal systolic blood pressure and
hypertension impose a considerable burden on the health of
Iranians, as well as citizens of many other low- and middle-income
countries. Ahigh percentage of CVD deaths in Iran are attributable
to hypertension. Considering the rapid rise of CVD risk factors,
effective interventions are crucial and should be implemented as
quickly as possible. Government can play an important role in
controlling risk factors by devising and implementing policies
and encouraging the inter-sectoral collaboration. To be successful,
such interventions will require logistics, funds, skilled human
resources, and sustained commitment.
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