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Abstract
Background: Raised blood pressure is a serious risk factor for several non-communicable diseases (NCDs) in Iran. In this study, we 
aimed to estimate the mean of systolic blood pressure (SBP) and diastolic blood pressure (DBP) and subsequently, the prevalence 
of hypertension by sex, age, province, and year in Iran. 
Methods: We conducted a systematic review using PubMed, Web of Science, and Scopus databases through December 2017. We 
also used individual level data from eight national surveys, aggregated data from seven subnational population-based studies, and 
extracted data reported in 52 published studies. We used a two-stage model including Age-Spatio-Temporal and Gaussian process 
regression (GPR) to estimate mean systolic and diastolic blood pressure and used a crosswalk model to estimate the prevalence of 
hypertension by sex, age, province, and year. 
Results: The number of hypertensive adults increased in Iran from 1.8 million (882 thousand in women) in 1990 to 13.6 million 
(7.2 million in women) in 2016. The national age-standardized prevalence of hypertension increased from 8.7% (7.8–9.7) to 
28.8% (27.7–30.0) in women and from 8.0% (7.2–8.9) to 24.2% (23.1–25.3) in men from 1990 to 2016. Mean systolic and 
diastolic blood pressures show a similar increasing trend. 
Conclusion: During the past 27 years, we observed an increase in the age-standardized prevalence and mean levels of blood 
pressure. If the current trend in levels of blood pressure and prevalence of hypertension continue in the coming years, Iran will not 
achieve the sixth target of the Global Action Plan by 2020 and the Sustainable Development Goals (SDGs) by 2030. 
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Introduction
High blood pressure is a globally recognized risk factor 
for all-cause mortality, specifically for mortality and 
morbidity due to non-communicable diseases (NCDs), 
mainly cardiovascular diseases.1,2 In 2013, the World 
Health Assembly developed a global action plan, in which 
evident targets were set to tackle the epidemic of NCDs.3 
One of the main targets was to achieve a 25% relative 
reduction in the prevalence of high blood pressure from 
2010 to 2020, in with hypertension defined as systolic 
blood pressure (SBP) equal to or higher than 140 mm 

Hg or diastolic blood pressure (DBP) equal to or higher 
than 90 mm Hg.3 Previous studies have reported a higher 
burden attributable to high blood pressure in developing 
countries, where policies are usually not evidence-based, 
partly due to scarcity of robust data and evidence.1,4 The 
ambitious targets of Sustainable Development Goals 
(SDGs) for health and well-being, released by the United 
Nations in 2015 will not be achieved by 2030 in most 
developing countries if the existing wide knowledge gap 
is going to continue.5,6 The Lancet task force formed in 
2018 also focuses on the grave economic burden of NCDs 
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and their risk factors if the existing trends are going to 
continue.7

Policies at all levels are the mainstay of all efforts for 
preventing and tackling NCDs. The contribution of 
subnational estimates to implementation of cost-effective 
policies at national and subnational level should not 
be ignored. In this regard, the aim of this study was to 
quantify the trend of high blood pressure from 1990 to 
2016 at national and provincial levels in Iran.

Materials and Methods
In this study we aimed to estimate the mean of SBP and 
DBP and the prevalence of hypertension by sex and age 
at national level across all provinces of Iran from 1990 
to 2016. Hypertension is defined as SBP equal to or 
greater than 140 mm Hg and/or DBP equal to or greater 
than 90 mm Hg or being treated for hypertension. The 
population covered in this study included both sexes, 13 
age groups from 25 to over 85 years (five-year categories), 
31 provinces, and 27 years from 1990 to 2016.

For this study, we conducted a comprehensive systematic 
review of published and unpublished sources of data in 
both international and national Iranian databases. The 
adopted methods for systematic review included: defining 
the data sources and how to reach them, the search strategy 
for each data source, inclusion and exclusion criteria to 
select the results of studies and reports, and methods for 

quality assessment, data extraction, and data synthesis.
We searched three groups of data sources: 1) International 

databases; 2) Iranian databases; 3) Iranian data sources not 
indexed. We searched for related Mesh terms including 
all subheadings in international and Iranian databases. 
The Persian keywords were equivalent to their English 
words and all possible combinations were considered. The 
search strategy was developed for MEDLINE, accessed via 
PubMed, based on an analysis of medical subject headings 
of key articles identified a priori. We used almost the 
same search terms for Web of Science and Scopus. We 
conducted a very sensitive search with broad terms in all 
three databases. The finalized search terms included were: 
(“blood pressure” OR hypertension OR prehypertension 
OR systolic OR diastolic OR “pulse pressure” OR 
hypertensive) AND (Iran OR Iranian OR Iranians OR 
Persia OR Persian OR Persians OR “I.R.Iran”). Filters 
consisted of: 1) Humans and adults; 2) Publication date 
from 1990/1/1 to 2017/12/31; 3) English and Persian 
Languages. This search resulted in a total of 2209 hits in 
PubMed, 1387 hits in Web of Science, and 2,383 hits in 
Scopus as well as a total of 4453 hits in the overall Iranian 
databases. A total of 4419 reports were screened by title 
and abstract, out of which the full-texts of 334 reports 
were screened. Ultimately 67 studies were selected for 
inclusion and data extraction. Figure 1 demonstrates the 
flow chart of study selection.

Figure 1. Flow Chart of Study Selection for Systematic Review.
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Only population-based studies were included in 
which estimates were reported by sex and age, province, 
year, and either mean SBP and/or DBP. We included all 
cross-sectional studies and results of the first survey of 
population-based cohort studies that estimated mean 
SBP and/or DBP. All national, provincial, district and 
community studies from January 1990 to December 2017 
that reported SBP and/or DBP were included in the study. 
Studies were included if they were from a representative 
sample, including from a national, subnational, or 
community population, and if the data were based on 
measured (vs. self-reported) blood pressure. If a published 
article met the inclusion criteria but did not report data 
by age and sex, we contacted the corresponding author to 
ask them for the stratified data. Language of publication 
was restricted to English and Persian. We excluded studies 
whose sampling method was non-random or their sample 
was not representative of the Iranian population. We also 
excluded studies that exclusively reported the prevalence 
of either hypertension or pre-hypertension. The following 
criteria were considered in quality assessment of blood 
pressure measurement: position of patient during blood 
pressure measurement; whether the arm was measured 
to determine the correct cuff size; training status of the 
person taking blood pressure measurement; whether the 
participants were asked about their activity within the 
preceding 30 minutes; number of times blood pressure 
was measured; resting time between each measurement 
if more than one measurement was made; the time 
period during which patients was resting before blood 
pressure measurement; and type of instrument used for 
measurement.

Two authors (SGS and PM) conducted the search 
independently. If the two authors could not reach an 
agreement on including or excluding the data source, FF 
made the final decision.

We extracted the data reported in 52 population-based 
studies found in international and Iranian databases at 
provincial level. Study characteristics are demonstrated in 
Table S1 of Supplementary file 1. Through the review, we 
identified 7 population-based cohort studies. We obtained 
their aggregated data through personal communications 
with principal investigators of these studies and pooled 
them for statistical analyses. Additionally, we detected 
eight national surveys in Iran including: seven iterations of 
NCD Risk Factors Surveillance Surveys in (STEPwise) in 
2005, 2006, 2007, 2008, 2009, 2011, and 2016, and one 
iteration of National Health Survey (NHS) in 2000. The 
details on stages of systematic review are presented in the 
Supplementary file 1 (page 6).

We used a Generalized Linear Mixed Model (GLMM) 
to estimate the sex- (two sexes) and age-specific (13 age 
categories from 25 to 85 years with 5-year age intervals) 
mean of SBP and DBP by province (31 provinces) and year 
(27 years from 1990 to 2016).8 In this model, we included 

years of schooling, wealth index, and urbanization as 
fixed-effects covariates and province as random effect of 
GLMM. The predictions and residuals of our data points 
were extracted from this model to be used later in the 
Age-Spatio-Temporal Model. This model was reiterated 
separately for women and men. We standardized all the 
estimates with Iran national census population of the last 
year which is 2016.

We aimed to consider the variation between sex-age-
year-province combinations by socio-economic status 
measures including years of schooling, wealth index, and 
urbanization. These variables helped us to improve the 
final national and sub-national estimates as they have high 
correlation with health-related measures and risk factors. 
Years of schooling were measured according to the level of 
education attainment for each person extracted from the 
Statistical Center of Iran (Household and Income Survey). 
This variable varied from 0 to 25 years. We calculated wealth 
index based on the Household and Income Survey data 
for each household. We performed a principal component 
analysis over all the assets and income of each household. 
Urbanization was calculated according to the population 
sizes living in the urban areas over total population size 
for each age-sex-year-province combination ranging from 
0% to 100%. It is worth mentioning that we transformed 
each variable to a logarithmic scale to obtain a normal 
distribution if appropriate. Hypertension was defined as 
SDP or DBP equal to or higher than 140/90 mm Hg, 
past medical history of hypertension, or taking anti-
hypertensive medications.

We measured the extra variations in age, space, and 
time by the Age-Spatio-Temporal model on the residuals 
extracted from the GLMM model.9 In this model, we 
borrowed strengths over year, provinces, and age groups 
by smoothing the residuals. To do this, we calculated 
adjacency matrices over age, province and year. Regarding 
these matrices, the adjacent provinces, years and similar 
age groups will be more consistent with each other. Since 
this model considers the information of neighboring 
provinces and nearby time points and ages, it can improve 
hypertension estimates compared to the GLMM model. 
In the final stage, we used the output from the previous 
stage as a prior for Gaussian process regression (GPR).8,10,11 

To address the various population sizes of different 
studies, we considered the sample size of each study as 
one of the variance components in the GPR model. 
The variance in the GPR model includes two parts 
for taking into account the variance in each study and 
between studies. The sampling variance measured the 
variation due to sampling and small numbers of study 
with the inverse probability of each study sample size. 
Uncertainty in the measurements due to non-sampling 
error was captured in the model for each type of data 
source. These parameters were estimated on the basis of 
the degree to which a source tends to disagree with the 
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other sources. The more a particular source conflicted with 
other sources, the higher the variance parameter would 
be and thus, the more uncertain the measurements. We 
considered the Matern function as the covariance function 
in GPR. The Matern function determines the amount 
of borrowing neighborhood correlation in our timespan. 
It has three parameters that control correlation and 
smoothness of the time trend. We made all calculations 
using a hyperparameter in the Bayesian model. The details 
of these model are described in Supplementary file 1 (page 
8).

In the next stage, we used cross-walk to estimate the 
prevalence of hypertension using a linear mixed model 
from mean SBP and DBP estimates. We regressed the 
logarithm of prevalence of hypertension on the previous 
mentioned covariates in addition to the mean of SBP and 
the mean of DBP. We used mean SBP and DBP extracted 
from GPR as independent variables.

Uncertainty was generated considering both cross-
sectional and over-time uncertainties. This Bayesian GPR 
model uses sampling and non-sampling errors to capture 
all the variation in each data source and between data 
sources. This is the sum of inverse variance of each data 
source for sampling error and inverse Gamma distribution 
for non-sampling errors. We used the “Markov Chain 
Monte Carlo” method to combine the empirical data and 
model priors and to draw samples (n = 5000) from the 
posterior distributions of model parameters and estimated 
prevalence. The median, 2.5 percentile, and 97.5 percentile 
of this distribution were used as point estimates of lower 
and upper UIs, respectively.

In order to assess the validity of our estimations, we 
conducted a sensitivity analysis in two stages.12 In the first 
stage, we randomly masked 10% of our data points and 
then, we repeated all the models for the remaining 90% 
percent of the data. We used four metrics to evaluate the 
performance of our in-sample validity: root mean square 
error (RMSE), Root median square error, median relative 
error, and mean relative error of prediction models. 
Median relative error and mean relative error are defined 
as median of values (SBP, and DBP) over its estimates by 
each model and mean of absolute value of estimates over 
its estimates, respectively.

In the next stage, we calculated the proportion of data 
points in our masked data set that fell within the 95% 
uncertainty interval of our 90% withheld data. For DBP, 
96.6% of the 10% withheld data hold in 90% prediction 
of model and its uncertainty. This measure for SBP was 
96.75%.

We calculated the percent change in number of adults 
with hypertension. We decomposed the contribution 
of increased prevalence, population growth, and change 
in age structure to the percent change in the number 
of hypertensive adults. To estimate the contribution of 
increase in prevalence, we calculated the percent change 

in number of hypertensives that would occur since 1990 if 
population remained the same and only prevalence rose to 
its level in 2016. Conversely, to estimate the contribution 
of both population growth and change in age structure, 
we calculated the percent change assuming the prevalence 
remained constant and population changed from 1990 
to 2016. In order to decompose the contribution of 
change only due to population growth, we assumed that 
the prevalence of hypertension remained constant and 
population growth happened with the same age structure. 
Finally, to estimate the contribution of change in age 
structure, we assumed that the population and prevalence 
remained constant and only the age structure in 1990 
changed to the age structure in 2016.

Results
We collected 67 studies and pooled 10 324 data points 
on about 400 thousand adults, aged 25 to over 85 years, 
recruited in population-based surveys in Iran from 1990 to 
2016. The number of data sources for each province and 
year is demonstrated in the heat map in Supplementary 
file 1 (Figure S5). We pooled the data of seven iterations 
of NCD risk factor surveillances at national level, one 
iteration of National Health Survey, the aggregated data 
from seven population-based surveys at provincial level, 
and the data of 52 published studies extracted through the 
systematic review.

Nationally, the number of hypertensive population 
increased from 1.8 million (882 thousand women) in 
1990 to 13.6 million (7.2 million women) in 2016. 

The age-standardized prevalence of hypertension at 
national level increased from 8.7% (7.8–9.7) to 28.8% 
(27.7–30.0) in women and from 8.0% (7.2–8.9) to 24.2% 
(23.1–25.3) in men between 1990 and 2016 (Figures 2 
and 3 and Table S2 in Supplementary file 1). 

From 1990 to 2016, the age-standardized mean SBP 
in women increased from 115.1 mm Hg (111.6–118.7) 
to 123.1 mm Hg (121.0–125.3). In men, the mean SBP 
increased from 119.3 mm Hg (116.2–122.5) to 125.6 
mm Hg (123.6–127.6) (Figure 2). 

The age-standardized mean DBP in women increased 
from 74.4 mm Hg (72.1–76.8) in 1990 to 80.4 mm Hg 
(78.7–82.1) in 2016. In men, the mean DBP increased 
from 75.8 mm Hg (73.7–77.9) to 80.0 mm Hg (78.5–
81.6) (Figure 2 and Figure S1 and S2 in Supplementary 
file 1). 

The mean SBP, DBP, and prevalence of hypertension 
increased steadily by age groups in all years. The steepest 
slope of increase in prevalence of hypertension was 
observed among 55-year-old adults in 1990 and 2000 and 
among 45-year-old adults in 2010 and 2016 in both sexes 
(Figure 4 and Figure S3 in Supplementary file 1). The 
abbreviations for provinces are demonstrated in Table S3 
of Supplementary file 1.

The age-standardized prevalence of hypertension from 
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1990 to 2016 increased by 1.91 folds (1.51–2.38) in 
women and 1.87 folds (1.46–2.36) in men. The prevalence 
more than doubled in all provinces and even more than 
tripled in some provinces in both sexes from 1990 to 2016 
(Figure 5 and Figure S4 in Supplementary file 1). 

Figure 6 shows the relationship between SBP and DBP 
with the prevalence of hypertension in men and women. 
For all levels of mean SBP, the prevalence of hypertension 
is clearly higher in women than men. This pattern is not 
observed for DBP. 

As mentioned above, the number of adults with 
hypertension in 2016 increased over seven folds since 
1990. In both sexes, 29.4% of this increase in the number 
of hypertensive adults was due to the increased age-
standardized prevalence, 68.2% due to population growth, 
and 2.4% due to change in age structure (Figure 7). The 
equivalent estimates in women are 27.7% due to increase in 
the age-standardized prevalence, 65.7% due to population 
growth, and 6.6% due to change in age structure of the 
population. In men, the pattern was different. Overall, 
31.4% of the increased number of hypertensive adults 
was due to the increased age-standardized prevalence 
and 70.0% due to population growth. The change in age 
structure had a negative contribution of -1.3% on increase 
in the number of hypertensive adults. Figure 8 shows 
that the increase in hypertensive population has occurred 
mostly in younger adults while the highest increase in 
number of adults with hypertension is observed in middle-
aged adults, justifying the non-significant contribution of 
change in age structure to the increase in the number of 
hypertensive adults from 1990 to 2016 in Iran. 

Across all provinces in 1990, the age-standardized 
prevalence of hypertension in women ranged from 

Figure 2. Trends in Age-Standardized Mean Systolic and Diastolic Blood Pressure and Raised Blood Pressure by Sex in People 
Aged 25 Years and Older at National Level from 1990 to 2016. The lines show the posterior mean estimates and the shaded 
areas show the 95% UI. See Supplementary file 1 for trends by province.

Figure 3. Age-Standardized Prevalence of Raised Blood Pressure 
by Sex and Province in People Aged 25 Years and Older in 1990, 
2000, 2010, and 2016: A) Females, B) Males. Estimates for age-
standardized mean systolic and diastolic level by sex in 1990, 
2000, 2010, and 2016 are presented in Supplementary file 1.
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7.3% (6.4–8.3) to 16.8% (15.3–18.3), and in 2016, the 
range was as low as 24.7% (23.5%–26.0%) to as high as 
35.3% (33.7%–37.0%). In men, the age-standardized 
prevalence across all provinces in 1990 ranged from 6.5% 
(5.7%–7.4%) to 14.0% (12.8%–15.4%) and in 2016, 
from 20.3% (19.2%–21.4%) to 30.9% (29.5%–32.4%) 
(Figure 3 and Figure S1 in Supplementary file 1). 

The age pattern of hypertension prevalence was 
similarly increasing in all provinces in 2016. Yet, there was 
an evident convergence in hypertension prevalence below 
40 years of age and a clear divergence in older age groups 
(Figure S3 of Supplementary file 1). 

Across all provinces, the percent change in age-

standardized prevalence from 1990 to 2016 ranged from 
102.5% to 306.0% in women and from 120.5% to 
243.2% in men (Figure S4 of Supplementary file 1). 

In women, the mean age-standardized SBP among 
provinces ranged from 119.7 mm Hg (117.6–121.8) to 
128.4 mm Hg (125.6–131.3) in 2016. The mean DBP 
ranged from 76.8 mm Hg (74.4–79.1) to 83.3 mm Hg 
(81.5–85.2). In men, the respective figures for SBP were 
as low as 121.1 mm Hg (119.0–123.2) to as high as 128.7 
mm Hg (126.7–130.6) in 2016. The lowest observed DBP 
was 75.5 mm Hg (73.4–77.9) and the highest was 83.7 
mm Hg (81.8–85.5) (Figures S1 and S2 in Supplementary 
file 1) 

Figure 4. Age Pattern of Raised Blood Pressure Prevalence by Sex in People Aged 25 Years and Older at National Level in 
1990, 2000, 2010, and 2016. A) Females; B) Males.

Figure 5. Comparison of Age-Standardized Prevalence of Raised Blood Pressure in Adults by Sex and by Province between 
1990 and 2016.
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Regarding the trend of mean SBP from 1990 to 2016, 
the percent change ranged from 1.8% (-1.3–5.0) to 10.8% 
(4.0–18.1) in women. The equivalent results in men were 
2.1% (-1.0–5.3) and 7.4% (0.7–14.4) (Figures S1 and S2 
in Supplementary file 1). 

As for the trend of mean DBP across all provinces, the 
lowest percent change in women from 1990 to 2016 was 
4.2% (-2.1–11.0) and the highest was 12.4% (4.3–21.1). 
In men, the equivalent estimates were 2.8% (-6.0–12.9) 
and 9.0% (3.3–14.9) (Figures S1 and S2 in Supplementary 
file 1). 

Discussion
The results of this study showed a critically steep increase 
in the age standardized prevalence of hypertension 
and the number of adults affected in Iran since 1990, 
mainly due to population growth as well as the increase 
in age-standardized prevalence. Our results also show 
a convergence in subnational prevalence implied by the 
narrowed range of hypertension prevalence across the 
provinces of Iran in 2016 compared to 1990. 

Generally, the prevalence of hypertension was 

consistently higher in women compared with men across 
all provinces, age groups, and time intervals. However, the 
mean levels of SBP and DBP were consistently higher in 
men compared with women in many provinces and for 
every level of SBP, the prevalence of hypertension was 
higher in women than men as demonstrated in Figure 5. 
This observation implies that anti-hypertensive treatment 
coverage may be greater in women as treatment was 
included in the definition of hypertension in the current 
study. 

The age patterns and trends of hypertension prevalence 
were almost similar in men and women. There was a 
steady increase in prevalence across the 13 age groups, 
with the steepest increase in middle-aged adults in both 
sexes. There is a divergent pattern in the prevalence of 
hypertension with increasing age in both sexes across 
the provinces, probably implying the difference in 
hypertension treatment and control between provinces in 
older age groups. 

The number of adults with high blood pressure has 
increased by over seven folds. Results of the decomposition 
analysis show that the increase in the number of adults 

Figure 6. Comparison of Age-Standardized Mean Systolic and Diastolic Blood Pressure, with Prevalence of Raised Blood 
Pressure in Men and Women Aged 25 Years and Older by Province in 2016.

Figure 7. National Percent Change in Number of Adults Aged 25 Years and Older with High Blood Pressure Due to Change 
in Age-Standardized Prevalence, Population Growth, and Change in Age Structure.
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with hypertension was mostly due to population growth 
and increase in age-standardized prevalence. Change 
in age structure had minimal contribution, especially 
in men where the contribution was negative. Although 
life expectancy has increased in Iran, the proportion of 
adults over 50 years in the total population has decreased 
due to high fertility rates in the late 1970s, 1980s, and 
early 1990s in Iran. The main increase in the number of 
hypertensives has occurred in middle-aged adults (Figure 
7). This figure also shows that the peak number of the 
hypertensive adults in the population has shifted from the 
age of about 65 in 1990 to the age of about 55 in 2016. 
This may deserve attention as the 10-year shift may have 
consequences from the viewpoint of health economics and 
mortality and morbidities arising from the increasing rate 
of stroke and ischemic heart disease in the population.

The current study provides comprehensive estimations 
of levels and trends of blood pressure and hypertension 
prevalence on national and sub-national scales in Iran so 
far. There are three major alternative studies that have 
released estimates at the national level in Iran: The NCD-
RisC study in Imperial College London4, the Global 
Burden of Disease (GBD) Study on burden of high SBP 
in Institute of Health Metrics and Evaluation,1,2,13 and 
national trend of mean SBP estimated for Iran from 1980 
to 2008 by Danaei et al.14 Our results show a clearly sharp 
increase in the prevalence of hypertension (from 10% 
to 30%) between 1990 and 2016 in both sexes, while 
Ezzati et al reported a clearly decreasing trend from 30% 
to 20% in both sexes between 1975 and 2015.4 Yet, the 

current results on the prevalence of hypertension cannot 
be completely compared with the reports by Ezzati et al as 
the definition of hypertension includes anti-hypertensive 
treatment in our study, which was not included in the 
definition adopted by the NCD-RisC study. Still, the 
contrasting trends cannot be easily justified. In GBD 
2016, summary exposure value of high SBP was reported 
with a different definition from that in our study. A 
decreasing trend was reported, from over 25% to less than 
22% between 1990 and 2016, which is in evident contrast 
with the increasing trend we observed in our study. 

The mean level of SBP can be compared across all studies. 
We detected an evidently increasing trend. In NCD-RisC, 
there was a steady trend in mean SBP of around 120 mm 
Hg in both sexes. In GBD 2015, the age-standardized 
mean SBP was steady in men (around 124 mm Hg) and 
slightly decreasing in women (from 124 to 120 mm Hg) 
between 1990 and 2016. Finally, the results reported by 
Danaei et al showed an almost U-shaped trend for SBP in 
men and a slightly decreasing trend in women from 1980 
to 2008. As for the mean level of DBP, we observed the 
same pattern: increasing in our study and a steady trend 
(around 80 mm Hg) in NCD-RisC. 

In short, we observed a steady and sharp increase in SBP 
and DBP in both sexes since 1990 at the national level 
in Iran. Other studies showed higher levels in 1990s and 
lower levels in 2010s compared to our results. To justify 
this difference, it can be stated that we had more data 
points than the other studies in 1990s. Otherwise, the 
discrepancy cannot be justified.

Figure 8. Trend of Population and Number of Adults Aged 25 to Over 85 Years with Raised Blood Pressure from 1990 to 2016.
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Our study has certain strengths in comparison with 
previous studies on the burden of high blood pressure in 
Iran. We took advantage of a comprehensive systematic 
review using both published and unpublished sources, 
in both English and Persian in addition to national 
surveys, specifically the most recent Non-Communicable 
Disease Risk Factor Study in 2016. We obtained sex- 
and age-specific aggregated data from several large-scale 
population-based studies performed in the 1990s and early 
2000s. Our data points are evidently much more than the 
sources based on which previous estimations were made. 
We used data from studies in which blood pressure was 
measured and not self-reported. We also excluded studies 
that exclusively recorded the prevalence of hypertension or 
pre-hypertension. We assessed the quality of data reported 
in sources and included only those reports that complied 
with our strict selection criteria (see Supplementary file 1). 
Our estimates cover sex and age subgroups, report trends 
for all years from 1990 to 2016, and most importantly, the 
estimates are presented on the subnational scale in Iran. 
We used covariates at subnational level in our estimations. 
We performed sensitivity analyses to quantify the validity 
of our models. We computed uncertainty intervals for all 
of the estimations. The current study is a comprehensive 
analysis on the level of high blood pressure in Iran. 

Our study has certain limitations, as well. In Iran as a 
developing country, one of the main challenges is data 
scarcity and low quality of data. We made extensive efforts 
to clean and harmonize the data from various existing 
sources. We had data points for at least eight years for 
all provinces of Iran (eight national studies). Estimates 
for provinces with low quality and scarce data relied 
on statistical methodologies. Second, to estimate the 
prevalence of raised blood pressure, we had to use crosswalks 
on estimated means of SBP and DBP. Third, we split age 
groups over 65 years into 5-year age categories based on 
the estimates in the last iteration of NCD surveillance 
survey in 2016. Fourth, various devices and protocols for 
measuring blood pressure have been used since 1990; this 
fact may have imposed bias on our estimates. 

The drivers of increase in the age-standardized prevalence 
of hypertension and rising levels of blood pressure were not 
investigated in this study. Previous evidence demonstrates 
that high blood pressure is accompanied by several other 
risk factor of NCDs including high BMI, smoking, and 
high prevalence of metabolic risk factors of high fasting 
plasma glucose and high cholesterol.1,13,15,16 There is no 
evidence on a causal relationship of the above-mentioned 
risk factors with hypertension but reports demonstrate 
their clustering. There is convincing evidence on the 
impact of high salt intake and low consumption of fruit 
and vegetables on hypertension.17 National policies to 
improve diet and physical activity as well as efforts to stop 
tobacco use are of outmost necessity. 

Our study has numerous other policy implications, 

as well. To address the knowledge gap regarding the 
burden of NCDs and their risk factors, population-
based national surveys are mandatory for monitoring the 
trends of risk factors and NCDs as well as evaluating the 
cost-effectiveness of interventions and improvements in 
access to primary and secondary health-care on the very 
provincial scale. This achievement requires integration 
of health care for NCDs and their risk factors within the 
health network of Iran. Evidence exists on the impact of 
training health-care givers at all levels of health care on 
detection, prevention, and control of NCDs and their risk 
factors and even the impact of health-care workers density 
on access to health care and the quality of care.18 With 
the release of new guidelines by the American College 
of Cardiology and the American Heart Association in 
November 2017, prevention,  detection,  evaluation, and 
treatment of high blood pressure in adults become stricter 
along with lower thresholds for definition of hypertension 
and lower treatment goals in primary and secondary 
prevention.19 With the new definitions, the estimated 
prevalence of hypertension will be much higher. 

In conclusions, particularly in Iran, the health network 
still does not possess the required capacity to tackle 
with NCDs and their risk factors.20,21 Previous reports 
by Farzadfar et al showed that in 2005, high SBP was 
responsible for 80 thousand deaths in Iran.22 More 
recently, the results of GBD 2016 demonstrated that 
over 20% of all deaths in Iran, which is equivalent to 
over 80 thousand deaths in both sexes, were attributable 
to hypertension in 2016 and high blood pressure ranks 
first among all metabolic, behavioral, and environmental 
risk factors in Iran.1,13,15 Urgent action is required to tackle 
the burden of NCDs and hypertension as their main risk 
factor. Inter-sectoral collaborations to drive food markets 
towards producing healthier foods and implementing taxes 
on unhealthy food products and tobacco are mandatory. 
In this regard, the Iranian Non-Communicable Diseases 
Committee was established to develop an action plan 
based on the collaboration of policy makers and researchers 
in multiple sectors.23 This plan can be a platform for 
future improvements of the Iranian health care system in 
combatting the epidemic of NCDs and their risk factors. 
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