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Abstract
Purpose  We aimed to estimate the level and trend of plasma cholesterol and raised total cholesterol (TC > 200 mg/dl) preva-
lence at national and subnational level of Iran.
Methods  Nine national surveys and 27 studies, encompassing 3,505 unique points on over 500,000 adults, aged > 25 years 
with a report of laboratory measurement of TC were found. Age-spatio-temporal model and Gaussian Process Regression 
were used to estimate mean TC for each sex, 5-year age groups, and 31 provinces from 1990 to 2016.
Results  At national level, age-standardized prevalence of TC > 200 mg/dL has decreased from 57·2%(53·3–61·1) to 
22·4%(20·5–24·3) in women and 53·2%(49·1–57·3) to 18·0%(16·4–19·6) in men. TC distribution presented a condensation 
between 170-200 mg/dL. At subnational level, decreasing and converging patterns of raised TC prevalence were detected.
Conclusion  The decrease in raised TC is likely the result of statin widespread use, food industry improvements, and the 
expanded primary health care.

Keywords  Cholesterol · Hypercholesterolemia · Prevalence · Iran · Longitudinal studies · Systematic review and meta-
analysis
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Introduction

There is a rapid transition from communicable to non-
communicable diseases (NCDs) in world especially in the 
fast developing nations like Iran [1, 2]. The World Health 
Assembly developed an action plan at global level in 2013 
to confront the epidemic of NCDs and to achieve a 25% 
reduction in risk of premature mortality from cardiovascular 
diseases, cancers, diabetes, and chronic respiratory diseases 
till 2020 [3]. This plan can be implemented mainly through a 
comprehensive primary prevention to control the metabolic 
risk factors of NCDs. Raised total cholesterol is recognized 
as one of the main four metabolic risk factors of major NCDs 
and is amenable to risk modifying preventions [4, 5]. There 
is compelling evidence on causal relationship between this 
modifiable risk factor and cardiovascular diseases (CVDs) 
and some cancers [6]. Previous evidence shows a decreasing 
trend of raised total cholesterol (TC) and the burden attribut-
able to it globally and in high-income regions, but the trends 
in a number of developing regions such as east and south-
east Asia are increasing and in many other low- and middle-
income regions, trends are uncertain [7]. In Iran, based on 
the Global Burden of Disease estimates, the national trend 
of raised TC is increasing in the total community while after 
adjustment for age, it shows as a stagnation, criticizing the 
ageing pattern of Iranian population [7]. However, due to 
data scarcity, difficulties of measuring total cholesterol, and 
various definitions for high TC, the evidence on levels and 
trends of this risk factor are not consistent, not adequate, 
and not comparable across regions and nations. Collect-
ing high quality data at global, regional, national, and even 
sub-national levels is thus a crucial step for evidence-based 
policy making in low resource settings. To this date, there is 
no study to comprehensively combine data both from small 
observational studies and large national surveys to under-
stand the current state of hypercholesterolemia in Iran and 
evaluate national acts and programs.

In the current study, we aimed to quantify the levels and 
trends of mean total cholesterol, to estimate the distribution 
and prevalence and also the number of adults with raised 
total cholesterol at national and sub-national levels in Iran 
from 1990 to 2016 through consistent statistical methods.

Methods

This systematic review and meta-analysis has been con-
ducted in accordance with guidelines for the systematic 
review of observational studies reporting of prevalence and 
cumulative incidence data and Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA).

Information collection

The mean total cholesterol and prevalence of high TC by 
sex and age across all provinces of Iran from 1990 to 2016 
was assessed based on two sources of data: 1. National-
level large surveys and registries 2. Published literature of 
smaller studies. National large surveys and registries were 
identified after contacting the officials at Iranian Ministry of 
Health and Medical Education (MOHME). In this regard, 
nine national surveys in Iran, constituting two iterations 
of national health surveys (NHS) in 1991 and 2000, and 
seven iterations of NCD Risk Factors Surveillance Surveys 
(STEPs) were defined. In the next step, we performed com-
prehensive systematic review on available evidence to detect 
smaller studies. We searched PubMed/MEDLINE, Embase, 
Web of Science, and Scopus for international databases and 
Scientific Information Database (SID), IranDoc, IranMe-
dex (Barekat Knowledge Network System), and Magiran 
for national data bases, with time window of their inception 
to Jul 2021 and no limitation of document type, language, 
or publication status. Keywords were collected through 
experts’ opinion, literature review, controlled vocabulary 
(Medical Subject Headings (MeSH) and Excerpta Medica 
Tree (EMTREE)), and reviewing the primary search results 
in accordance to PICO method: 1. Population was defined 
as Iranian population at risk of metabolic irregularities 2. 
Intervention of records of assessing the cholesterol level 
through laboratory measurement, 3. Comparison based on 
age-groups, sex-groups, geographical stratifications, and 
year, and 4. Outcome of TC as higher than 200 mg/dL was 
considered hypercholesterolemia. As the distribution pat-
tern of TC has been substantially changed over 26 years of 
this study, we used a left-transitioned factitious cut-off of 
170 mg/dL (as the theoretical minimal risk) for definition 
of impaired cholesterol to grab cases of dyslipidemia more 
sensitively [8, 9]. Two reviewers independently screened 
titles and abstracts from the search results to find possibly 
eligible papers and then reviewed the full text of selected 
papers against the eligibility criteria. The references of the 
selected articles were also searched for eligible studies. 
Any disagreement in the screening process was resolved 
through discussion, or through negotiation by a third review 
author. More details can be found in the Appendix. Exclu-
sion criteria were placed as of studies without assessing the 
population that is generalizable and representative of Ira-
nian community as a whole (i.e., hospital-based or healthy-
worker-based samples, or sample size of less than 5, or 
non-randomized study with incorrect sampling frame), not 
reporting TC, or details of TC detection or using method 
other than conventional laboratory measurement (i.e., self-
report), using secondary data (systematic review or further 
analysis of already published studies), reports of not being 
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peer reviewed (conference proceedings, preprints) were dis-
puted. In case of overlapping data source, the larger report 
was used. We assessed the quality of included studies using 
Critical Appraisal Tool (CASP) in the scale of 1 to 10. The 
final quality score of an article was calculated as the mean of 
the quality scores that two reviewers provided. We obtained 
individual-level data of national surveys and tabulated data 
from the smaller-scale studies.

Statistical analysis

In order to estimate the log mean total cholesterol by sex 
(two sexes), age-specific (13 age categories started at 25 to 
85 year-old with 5-year age intervals), province (31 prov-
inces), and year (27 years from 1990 to 2016), we used a 
linear mixed effect model, with variables including wealth 
index, years of schooling, and urbanization as fixed-effects 
covariates and province with random effects for the model 
[8]. We modeled the log transformation of total cholesterol 
to maintain the normality assumption for the outcome. As 
data at the individual level were added, no further data 
cleaning or harmonization was required. The predictions 
and residuals of our data points were extracted from this 
model to be used later in the age-spatio-temporal model. We 
standardized all the estimates with the latest Iran national 
census population of 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 a high correlation with 
health-related measures and risk factors. Years of schooling 
was measured according to the level of education attain-
ment for each person extracted from the Statistical Canter of 
Iran (Household and Income Survey). This variable variated 
from 0 to 25 years. We calculated wealth index based on 
the Household and Income Survey data for each household. 
We did 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. We transformed 
each variable to a logarithm scale to get the normal distri-
bution if it was the case.

We ran an age-spatio-temporal model on the residuals 
extracted from the linear mixed effect model, in which we 
borrowed strengths over age groups, provinces, and years 
by smoothing the residuals [9]. To do this we calculate 
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 estimates 
compared to the linear mixed effect model. Finally, we used 
the output of previous models as a mean prior for Gaussian 
Process Regression (GPR) model [10–12].

To address the various population size of different stud-
ies, we consider the sample size of each study as one of the 
variance components in the GPR model. The variance in 
GPR model includes two parts for considering the variance 
within each study and between studies. The sampling vari-
ance was calculated as the inverse probability of the 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 based on the 
degree to which a source tends to disagree with the other 
sources. The more that a particular source conflicted with 
other sources, the higher the variance parameter will be and 
thus the more uncertain the measurements. We considered 
the Matern function as the covariance function in Gauss-
ian process regression, the Matern function determines the 
amount of borrowing neighborhood correlation in our times-
pan. It has three parameters that control the correlation and 
smoothness of the time trend. We included the extra varia-
tion sources in the GPR model using hyperparameters in the 
Bayesian modeling approach.

In order to estimate the prevalence of elevated and raised 
TC, we used a cross-walk method to regress prevalence over 
mean TC, extracted from the GPR model. The final esti-
mates and uncertainty intervals were calculated using the 
posteriors of the GPR model. RStan package in (Version 
2.21.2) R (Version 4.1.1) was used to implement Hamilton 
Monte Carlo (HMC) method. A total sample of 5000 was 
retained from 10,000 iterations (4 chains with 2500 itera-
tions) from the posterior distributions. 95% uncertainty 
intervals were generated for estimates and non-overlapping 
of estimates was regarded as statistical significance differ-
ence. The median, 2·5 percentile, and 97·5 percentile of this 
distribution were used as point estimates of lower and upper 
UIs, respectively [13]. The details of statistical methods can 
be found in the Appendix.

Sensitivity analysis

We conducted a sensitivity analysis to examine the validity 
of our estimations [14]. We randomly selected 10% of our 
original data points and dropped them. We reiterated all the 
models on the remaining 90% and compared the in-sample 
validity using the following four metrics: 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 TC over its estimates by each model and mean of 
absolute value of estimates over its estimates, respectively. 
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In the next stage we examined the proportion of the origi-
nally dropped 10% data points that were within the 95% 
uncertainty interval of our 90% withheld data.

Results

After systematically reviewing the online data repositories, 
3100 unique records were retrieved. Of this amount, 304 
were withheld for full text assessment. After full text refine-
ment, 27 were included reporting 88 data points that could 
be admixed with 3417 data points of nine national surveys 
(Fig. 1). In total, 3,505 data points on over 500,000 adults, 
aged 25 to over 85 years, recruited in national and provincial 
population-based surveys in Iran as well as published stud-
ies from 1990 to 2016 were pooled (Table 1 for summary 
of included published studies). These studies were com-
monly running over the large cohort/cross-sectional studies 
at subnational levels (i.e., 1. Golestan Cohort Study (GCS) 

2. Pars Cohort Study (PCS) 3. Isfahan Healthy Heart Pro-
gram (IHHP) 4. Tehran Lipid and Glucose Study (TLGS) 
5. Kerman Cohort Study (KERCADR) 6. Mashhad Cardio-
vascular Cohort Study 7. Persian Gulf Healthy Heart Study). 
The number of data sources for each province and year is 
demonstrated in the heat map in the Appendix. For sensi-
tivity analysis, we calculated the proportion of data points 
in our masked data set that were located in the uncertainty 
interval of our 90% withheld data. For TC, 82·7% of ten 
percent withheld data hold in 90% prediction of model and 
its uncertainty, representing accuracy and homogeneity of 
data and models.

National estimates

From 1990 to 2016, age standardized mean TC in women 
has significantly decreased from 202·5  mg/dL (191·2 
– 214·6) to 174·5 mg/dL (166·6 – 182·8). Similarly, in men, 

Fig. 1   the flowchart of studies
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mean TC significantly decreased from 197·3 mg/dL (186·1 
– 209·4) to 168·5 (160·7 – 176·7) (Fig. 2). The decrease was 
more prominent in men compared to women. Also, there 
has been detected a shift in the distribution of TC, from 
1990 to 2016 (Fig. 3). This pattern shows that the mean 
of the entire distribution has been shifted to left; however, 
the standard deviation of distribution has also decreased. 
Nationally, the number of adults with total cholesterol over 
200 mg/dL decreased from 10·5 (9·8 – 11·5) million in 1990 
to 9·9 (9·0 – 10·6) million in 2016. Age standardized preva-
lence of raised TC (TC > 200 mg/dL) at national level has 
decreased from 57·2% (95% CI: 53·3 – 61·1) to 22·4% (20·5 
– 24·3) in women and from 53·2% (49·1 – 57·3) to 18·0% 
(16·4 – 19·6) in men between 1990 and 2016 (Fig. 2). The 
percent change in age-standardized prevalence was -61% 
(-66% to -54%) in women and -66% (-71 to -60) in men from 
1990 to 2016 (Appendix Fig. 3). Mean TC, and prevalence 
of raised TC increased in adults of 25 to 55 years of age and 
then showed a steady trend till the oldest age group of + 85 
(Appendix Fig. 4). The age pattern of prevalence of those 
with TC > 200 mg/dL similarly increased in the 25 to 55 age 
groups (young adults) and then it stabilizes for older adults 
and geriatric community.

Figure  2 (linear trends): Trends in age-standardized 
mean total cholesterol and prevalence of total choles-
terol > 200 mg/dL (solid lines) and > 170 (dashed lines) 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% CI. See Appendix for 
trends by province·

The number of adults with TC > 170 mg/dL increased 
from 15·6 (15·0—16·1) million (7·6 million in women) in 
1990 to 22·9 (21·6—24·2) million (12·0 million in women) 
in 2016. Age standardized prevalence of this factitious group 
at national level has decreased from 82·4% (79·8 – 84·8) 
to 49·5% (46·8 – 24·4) in women and from 79·7% (76·7 
– 82·3) to 43·7% (41·0 – 46·5) in men between 1990 and 
2016 (Fig. 2 and Appendix Fig. 2). The percent change in 
age-standardized prevalence of TC > 170 mg/dL from 1990 
to 2016 was -40% (-45 to -35) in women and -45% (-50 to 
-39) in men (Appendix Table 1).

Subnational estimates

In women across all provinces, the mean age standardized 
TC in 2016 ranged from 166·4 mg/dL (154·1 – 179·6) to 
182·3 mg/dL (171·4 – 193·8). In men, respective measures 
for TC were as low as 159·0 mg/dL (150·1 – 168·2) to as 
high as 178·2 mg/dL (168·0 – 189·0) in 2016 (Appendix 
Figs. 1 and 2). In terms of the trend of mean TC from 1990 to 
2016, the percent change ranged from -23·6% (-36·3 – -8·8) 
to -5% (-20·1 – 13·1) in women. The equivalent results in Ta
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Fig. 2   (Linear trends) Trends in age-standardized mean total cholesterol and prevalence of total cholesterol

Fig. 3   Shift in the distribution 
of total cholesterol in men and 
women from 1990 to 2016
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men were -24·8% (-33·5 – -14·9) to -0·6% (-15·3 – 16·3) 
(Appendix Fig. 2). The prevalence of raised TC has halved 
in almost all provinces in both sexes from 1990 to 2016, 
except for one province in men and four provinces in women 
(Figs. 4 and 5). In 1990, age standardized prevalence for 
TC equal or greater than 200 in women ranged from 34·0% 
(28·7% – 39·6%) to 75·5% (70·0% – 78·4%), and in 2016 the 
range was as low as 17·8% (16·0% – 19·7%) to as high as 
27·5% (24·9% – 30·2%). In men, the age standardized preva-
lence in 1990 ranged from 33·3% (28·6% – 38·4%) to 74·9% 
(71·4% – 78·2%) and in 2016, from 13·1% (11·8% – 14·6%) 
to 23·8% (21·4% – 26·4%) (Fig. 2, Appendix Fig. 2). In 1990, 
there was no province with mean TC less than 170 mg/dL 
in women, and concerningly, 21 provinces (two-third of all 
subnational levels) had the mean TC over 200 mg/dL. This 
condition attenuated in the study period, as in 2016 there 
was no province with mean TC > 200 mg/dL among females 
and five provinces had mean TC < 170 mg/dL. In men, in 
1990, there was no province with TC < 170 mg/dL, while in 
2016 the mean TC was less than 200 mg/dL in all provinces 
and even less than 170 mg/dL in 22 provinces. Overall, it is 
indicated that decreasing progress was more rapid in men 
compared to women (Appendix Fig. 6). Similar age pattern 
as national trend has been detected in subnational levels of 
Iran in 2016; an increasing pattern during adulthood and 
stabilization in elderly. Although, there is an evident conver-
gence in population with TC > 170 mg/dL during adulthood 
while showcasing a clear divergence in older age groups, a 
signal for an underlying unequal accessibility to health-care 
goods (Appendix Fig. 5).

Discussion

The results of our study showed a consistently decreasing 
trend in mean TC and prevalence of raised TC across both 
sexes, all age groups, and all provinces in Iran from 1990 
to 2016. While the number of adults with TC > 200 mg/
dL decreased from 1990 to 2016, we observed an increase 
in the number of adults with borderline TC estimates (170 
– 200 mg/dL) in this period. In other words, the distribution 
of this risk factor is narrowing over time and most hyper-
cholesterolemic patients are efficiently treated, but, the dis-
tribution is towering over the borderline area. Therefore, as 
the population is growing, although high-risk subgroups are 
being effectively prevented, there is a critical risk of cardio-
vascular disorders in this low-risk but crowded subpopula-
tion [6, 41]. This condition was more prominent in females. 
Across provinces similar pattern has been detected yet with 
variable intensities.

Generally, our results are compatible with estimates 
made by Farzadfar et al. on mean TC and its trend from 
1980 to 2008 [7]. Both of the results show a rather minimal 

change till 2008, while our study shows a decreasing trend 
mainly from 2008 afterwards. They reported that in 2005, 
16,000 deaths (14,000 to 18,000) in women and 18,000 
deaths (16,000 to 20,000) in men were attributable to high 
TC [42]. The Global Burden of Disease Study showed that 
in 1990, 11,100 deaths (8,300 to 14,300) in women were 
attributable to raised TC while the respective figures were 
19,400 (13,700 to 25,800) in 2016. Respective figures for 
men were 15,000 (11,200 to 19,600) deaths in 1990 and 
27,500 (19,600 to 37,000) deaths in 2016 [43]. In compar-
ing our observations to international trends, the observed 
decrement in the mean TC and also the prevalence of dys-
lipidemia in our study was among the highest in previously 
reported time trends [44–46]. This finding shows the prob-
able contribution of effective treatment in decreasing high 
levels of TC, while there are probably other determinants 
that have further decreased lower levels of TC. It is mainly 
prominent when we consider the observation that most of 
the adults with TC higher than 200 mg/dL have moved to 
170 to 200 mg/dL TC levels. It supports the dual impacts of 
primary and secondary prevention on decreasing TC among 
Iranians since 1990. Improvement of food industry has had 
a certain impact. In early 2000s, a transition happened in 
the food industry of Iran in which, solid hydrogenated and 
animal fat was largely replaced by liquid vegetable oil with 
lower trans fatty acids. Based on a report released by the 
Iranian Ministry of Health and Medical Education, the use 
of solid hydrogenated oil has been replaced by liquid vegeta-
ble oil in Iran since 1990s. This transition can be the main 
driver of the shift in distribution of TC to left and denotes 
the success of the health system in improving food industry 
and implementing public education. Moreover, during the 
past decade, the prescription of statins in both primary and 
secondary health care settings has become routine based on 
most recent guidelines for the prevention of cardiovascular 
diseases, which are the most important causes of morbidity 
and mortality attributable to high TC. In the 2016 iteration 
of STEPs in Iran, it has been estimated that 74.2% of adults 
with hypercholesterolemia were aware of their condition and 
in total 6.9% of Iranian population (8.5% for females and 
5.1% for males) were receiving statins. In the latter survey it 
has been pointed out that dyslipidemia patients at rural areas 
were less likely to be covered (5.6%) compared to urban 
inhabitants (7.2%). Moreover, the coverage rate differed 
significantly in wealth categories, with middle-class group 
of patients more likely receiving fat-lowering medication 
[47]. Studies demonstrated the negative correlation between 
statin sales and cholesterol level among Iranian population 
and uncovered an striking increase in statins sale in last 
two decades [48–50]. Although there have been programs 
to reduce the statin therapy expenditure and make it acces-
sible to every patient, there still remains inequity and dis-
parity, yet the cost-effective analyses have revealed that the 
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current method of providing statins is highly effective and 
is in accordance to WHO’s threshold of annual per capita 
share [51]. The differential pattern of mean and high TC in 
men and women may have biologic plausibility as well as 
other co-existing distal life style and cardio-metabolic risk 
factors in women such as overweight and obesity, diet, and 
physical inactivity [52–58].

Our results are of a great importance to policy makers 
as follows; 1) the success in decreasing the prevalence of 
raised TC in Iranian population validates the effectiveness of 
previously implemented policies at public health level. Even 
though in the healthcare network in Iran statins are avail-
able, there is no service package specifically designed for 
primary and secondary prevention of high serum cholesterol 
and the capacity of the health system for tackling NCDs and 
their metabolic risk factors is inadequate [59, 60]. Moreo-
ver, the combination of inter-sectoral collaboration between 
the health systems, food industry, health education, and all 
organizations that are somehow involved in health and well-
being of Iranians can guarantee the continuation of decreas-
ing trend of TC in Iran. This inter-sectoral collaboration can 
be achieved by health system guided education and aware-
ness by media, edibale oil production refinery, accessibility 
of statins at primary health centers, decreasing out-of-pocket 
payment by patients, etc. Also, advantages of healthy diet 
should be promoted and for those with raised TC, compliance 
to adjusted diet needs to be encouraged and assessed [61]. 
These should be in line and in conjunction to management 
of other metabolic disorders as well [62]. However, 2) the 
increased number of adults with borderline TC and ageing 
of population shows a potential threat to the health system 
and it shows that there are many people that if not efficiently 
managed or prevented, would have dyslipidemia anytime 

soon. The establishment of the Iranian Non-Communicable 
Diseases Committee (INCDC) is the first concerted effort to 
design a comprehensive service package specific to metabolic 
risk factors of NCDs and their integration into the health 
system of Iran [63]. Nevertheless, the implementation and 
effectiveness are not evaluated yet. 3) The observed dispari-
ties among two genders necessitate further investigation of 
the underlying reasons while enlightens the importance of 
population-specific policies; what worked for men, might 
not work for women. And finally, 4) the different statistics 
of different provinces is a call for subnational designed and 
implemented programs to be more efficient and effective.

In other areas of the world similar works have been per-
formed to understand the status of TC in their hosted popula-
tion. Most of these surveys were carried out in nations with 
higher socioeconomic status and information about develop-
ing countries is redundant. In United States, a survey was 
performed on 18,000 adults and found that unadjusted 53.2% 
to 56.1% of study sample had hypercholesterolemia. Only 
39.1% to 54.4% of their hypercholesterolemia patients were 
receiving lowering agents and 47.0% to 64.3% of the latter 
group had a controlled cholesterol after medication [64]. A 
Finnish experience discovered that the rate of hypercholes-
terolemia treatment coverage and effectiveness has increased 
steadily [65]. A pooled analysis of national self-reported sur-
veys in Switzerland indicated an increasing trend of treat-
ment coverage and effective treatment in last decades and 
reaching to 38.8% and 75.1%, respectively [66]. Based on the 
estimates of Global Burden of Disease, the deaths attribut-
able to hypercholesterolemia has remained stagnant over the 
past three decades. This condition has had a decreasing trend 
in higher sociodemographic areas while increasing in coun-
tries with lower index [67]. In Iran, this has been estimated 
to remain in a same range (62.3 deaths per 100,000 popula-
tion in 2019 with 95% uncertainty range of 47.5 to 79.4). It 
is worth to note that the reports of Global Burden of Disease 
lack the estimates of serum cholesterol level and prevalence of 

Fig. 4   Age-standardized prevalence of total cholesterol > 200  mg/dL 
by sex and province in people aged 25 years and older in 1990, 2000, 
2010, and 2016

◂

Fig. 5   Comparison of age-
standardized prevalence 
of raised total choles-
terol > 200 mg/dL in adults by 
sex, by province between 1990 
and 2016
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hypercholesterolemia, a gap that was needed to be filled with 
proper statistical techniques. Our pooled analysis followed 
the same trend and pattern seen in other nations that the rate 
of effective coverage has improved in Iran in last years and 
current acts, from public health point of view, were effective 
in lowering the total cholesterol level, while narrowing of the 
towering of it in lower but borderline ranges can have con-
sequences that needs to be foreseen. It is worth mentioning 
that COVID-19 pandemic may have changed the pattern of 
care, access, and even incidence of metabolic conditions [68], 
a matter that needs to be further evaluated in future works.

Our study has several strengths. It is the first comprehen-
sive systematic review on levels and trends of high TC at 
subnational scale using advanced statistical methods to over-
come the data scarcity in Iran. We investigated all the avail-
able data in this regard to report the most comprehensive sta-
tistics. We also reported the measures in different subgroups 
to enlighten the disparities and differences, applicable for 
further policy making. Yet, our study has certain limitations. 
We had to overcome data scarcity by statistical methodol-
ogy, which increased the uncertainty of our estimates. For 
estimating the prevalence of elevated and raised TC, we used 
crosswalk on our estimates for mean TC. To make estimates 
by 5-year age groups among adults older than 65 years, we 
split age groups based on the data of the last iteration of 
National NCD Risk Factor Surveillance in 2016 and applied 
it to previous years. And finally, and most importantly, we 
could not differentiate Low Density Lipoprotein from High 
Density Lipoproteins, which imposes bias on our estimates 
for burden attributable to unfavorable cholesterol.

In conclusion, the trends of TC are improving in Iran 
across all provinces, both sexes, and all age groups. To con-
tinue the current success, policy makers require to maintain 
the previously implemented effective policies. Moreover, 
the success should not be taken for granted as there are a 
considerable number of people just below the cut point of 
raised cholesterol. Additionally, different provinces and dif-
ferent genders require different approaches that should be 
addressed in national programs and plans.
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