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Abstract
Objectives The significant health differences between sexes in Iran in terms of burden of non-communicable diseases 
(NCDs) point to the urgency of developing policies. We aim to explore sex disparities in NCDs.
Methods We used Global Burden of Disease 2019 study to compare estimates of incidence, prevalence, disability-adjusted 
life years (DALYs), years lived with disabilities (YLDs), years of life lost (YLLs), and deaths among sexes for NCDs, and 
their main subgroups; neoplasms, cardiovascular diseases (CVDs), chronic respiratory diseases (CRDs), diabetes mellitus 
(DM) during 1990–2019.
Results In 2019, there were 62,476,274 (59517167.5, 65759931) incident NCDs in men and 78758640.6 (75222093.7, 
82272935.8) in women. There were 7734064.3 (6744951.2, 8846192) DALYs in men and 7760484.2 (6496609, 9218299.9) 
in women. Fatal estimates (deaths and YLLs) of NCDs were higher for men, while non-fatal estimates (prevalence, YLDs) 
were higher for women. Men were superior in all burden indices of NCDs subgroups, except for all indices of DM and YLDs 
in CVDs. Compared to 1990–2010, the period 2010–2019 confirmed a marked stagnation in decline rates of burden indices, 
as well as an increase in incidence and prevalence which was more pronounced among men. Despite shrinking sex gaps in 
NCDs subgroups since 1990, sex gap in DM is widening in 2019.
Conclusions There is a notable sex disparity in NCDs prevalence in Iran, which has become increasingly evident in DM 
burden. It will be imperative to continue monitoring sexual differences in NCDs burden to determine if disease rates between 
sexes continue to diverge in the future.
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Abbreviations
ASDR  Age-standardized Death Rate
ASIR  Age-standardized Incidence Rate
ASPR  Age-standardized Prevalence Rate
ASR-DALYs  Age-standardized Rate of DALYs
BMI  Body Mass Index
BP  Blood Pressure
CODEm  Cause of Death Ensemble model
COPD  Chronic Obstructive Pulmonary Disease
CRD  Chronic Respiratory Disease
CVD  Cardiovascular Disease
DALYs  Disability-adjusted Life Years
DM  Diabetes mellitus
GBD  Global Burden of Disease
MDG  Millennium Development Goal
MI  Myocardial Infarction
MIR  Mortality to Incidence Ratio
MWR  Men to Women Ratio
NCD  Non-communicable Disease
SDG  Sustainable Development Goal
SDI  Socio-demographic Index
STEPS  STEPwise Approach to NCD Risk Factor 

Surveillance
UI  Uncertainty Interval
YLDs  Years Lived with Disability
YLLs  Years of Life Lost

Introduction

Non-communicable diseases (NCDs) accounted for approx-
imately 300 thousand deaths in Iran in 2019, with cardio-
vascular diseases (CVDs), diabetes mellitus (DM), chronic 
respiratory diseases (CRDs), and cancers being the primary 
causes [1]. Managing such diseases poses significant chal-
lenges, not only in terms of healthcare management but also 
in terms of the disparities between men and women [2–4]. 
Cardiometabolic disorders and malignancies demonstrate 
marked sex disparities in prevalence, and respiratory dis-
eases exhibit sex differences in incidence and outcomes, 
influencing the focus of health interventions and policy ini-
tiatives aimed at addressing these disparities [5–8].

Cohort studies conducted within the country provide 
insightful data illustrating these disparities. According to 
the Tehran Lipid and Glucose Study [9] and the Golestan 
Cohort Study [10], there are considerable differences in risk 
factors and disease prevalence between men and women, 
indicating that women may face greater barriers to health-
care access and worse outcomes due to NCDs. Inequities 
in access to healthcare and socioeconomic determinants of 
health often contribute to disparities in health [11]. Various 
factors can influence women’s health conditions in Iran, 

such as lifestyle, employment status, and cultural norms, 
which can alter exposure and susceptibility to multiple dis-
eases [3].

Understanding these differences at a national and sub-
national level is essential to develop tailored interventions 
to address specific local health needs and allocate resources 
accordingly. Furthermore, the evolution of Iran’s health 
system post-revolution presents an exceptional case for 
studying the intersection of policy and sex in the context of 
NCDs. Global initiatives such as the Millennium Develop-
ment Goals (MDGs) and Sustainable Development Goals 
(SDGs) have developed policies to address sex disparities in 
NCDs. Despite being designed to eliminate sex disparities in 
education and increase women’s political participation, the 
MDGs failed to achieve their goals, with limited progress in 
areas such as employment and health [12]. In light of com-
mitments to the SDGs, these disparities must be addressed 
immediately, particularly Goal 3, which seeks to ensure the 
health and well-being of all people of all ages, and Goal 
5, which strives to achieve sex equality and empower all 
women and girls [12].

By utilizing the Global Burden of Disease (GBD) Study 
2019, this study integrated Iranian health system data with 
global health analyses. This provides an unprecedented 
opportunity to examine the impacts of such disparities on 
both national and subnational health policy frameworks. 
By aligning the study of sex disparities in NCDs with 
international health goals, this paper elucidates the current 
development and drives forward the necessary policy modi-
fications and interventions. This study aims to contribute 
substantively to the discourse concerning achieving equi-
table health outcomes in Iran by providing a comprehensive 
review and using robust study data.

Methods

Overview

GBD is a multinational effort that assesses the burden of 
369 diseases and injuries in 204 countries and territories 
[13]. Using GBD data, this study provides population and 
subpopulation estimates at national and subnational levels 
in Iran using all-age numbers and age-standardized rates for 
1990 to 2019 among women, men, and both sexes.

Case definition and their metrics

Standard definitions of the causes of death and their detailed 
methodology have been reported elsewhere ( 13–15). 
Here, we report the burden indices of NCDs and their sub-
groups, including neoplasms, CVDs, CRDs, and DM. The 
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incidence, prevalence, and death related to each cause were 
reported. The burden of disease has been measured by 
metrics including years of life lost (YLLs), which is cal-
culated by multiplying the number of deaths in each cat-
egory and life expectancy in that category. Years lived with 
disability (YLDs), which is calculated by multiplying the 
number of prevalence of causes in each category and dis-
ability weights for that condition [12]. Disability-adjusted 
life year (DALYs) was also obtained from the sum of YLLs 
and YLDs.

Estimation framework

The Estimation framework begins with the collection of 
raw data from a variety of sources, including vital registra-
tion systems, household surveys, censuses, hospital records, 
and disease registries. This diverse data foundation is cru-
cial for ensuring a comprehensive understanding of health 
outcomes across different regions and populations. These 
sources undergo rigorous validation and adjustments to cor-
rect for biases such as underreporting, misclassification, and 
data gaps.

To synthesize the vast array of data, the GBD study 
employs sophisticated modeling techniques. One of the core 
tools used is DisMod-MR, a Bayesian meta-regression tool 
designed to integrate data from different studies and correct 
for discrepancies [13]. DisMod-MR leverages a hierarchical 
modeling approach, allowing for the incorporation of data 
from multiple sources and adjusting for potential biases and 
uncertainties. This model synthesizes information about 
disease incidence, prevalence, and mortality, providing con-
sistent and comparable estimates across different popula-
tions and time periods. By accounting for the uncertainty 
and variability in the data, DisMod-MR ensures that the 
estimates are robust and reliable.

For mortality estimation, the GBD study employs 
the Cause of Death Ensemble model (CODEm) [13, 14]. 
CODEm is a highly advanced, ensemble modeling approach 
that evaluates numerous models and combinations of models 
to determine the most accurate estimates of cause-specific 
mortality. It incorporates a variety of potential predictors 
and data sources, using techniques such as machine learning 
to systematically evaluate and combine different models. 
This allows CODEm to produce estimates of cause-specific 
mortality that are highly accurate and reflective of the com-
plex interplay of factors influencing death rates. By integrat-
ing multiple models, CODEm ensures that the estimates are 
not overly dependent on any single data source or method-
ological approach.

The Mortality to Incidence Ratio (MIR) methodology is 
a crucial analytical tool used in the GBD study to evalu-
ate the severity and management outcomes of NCDs across 

diverse populations [15]. This ratio is derived by dividing 
the number of deaths caused by a specific NCD by the num-
ber of new cases diagnosed within a given period. The MIR 
helps to highlight disparities in health outcomes and the 
effectiveness of healthcare systems in managing NCDs. A 
lower MIR indicates better survival rates, suggesting more 
effective disease management and healthcare interventions. 
By employing this methodology, the GBD study assists in 
pinpointing regions and populations that require targeted 
healthcare improvements and resource allocation, thereby 
guiding global health policies and strategies to combat 
NCDs more effectively.

This integrated framework facilitates direct comparisons 
of health outcomes over time, across different populations, 
and across various health conditions, thereby informing tar-
geted public health interventions and resource allocation.

Sociodemographic index

The Socio-Demographic Index (SDI) used in the GBD 
studies is a composite measure reflecting the level of socio-
demographic development of a country or region by incor-
porating geometric mean education for the population aged 
15 and older, income per capita adjusted for purchasing 
power parity, and the total fertility rate under age 25 [16]. 
Each of these indicators is standardized to a scale from 0 to 
1, where 0 denotes the lowest socio-demographic develop-
ment and 1 denotes the highest. The SDI score is calculated 
by averaging the standardized scores of these three indica-
tors, allowing for the classification of countries or regions 
into quintiles (low, low-middle, middle, high-middle, and 
high SDI). This index enables comparison of health out-
comes and disease burdens across different levels of socio-
demographic development, aiding in more precise and 
effective public health interventions.

Statistical analysis

To present all-age numbers and age-standardized rates, we 
utilized an uncertainty interval (UI) of 95% for each quan-
tity included in the study [13]. These UIs were determined 
by sampling 1000 samples from each quantity’s posterior 
distribution of each quantity and selecting the 25th and 
975th ranked draws from the uncertainty distribution [17]. 
We used Python version 3.11.4 for tabulation and visualiza-
tion of the data.
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(-37.1% [-48.5% to -23.3%]) and Ardebil (-32.2% [-41.7% 
to -20.9%]), respectively (Table S1).

NCDs resulted in 326507.8 (318267.7 to 335734.2) 
deaths in 2019, with an age-standardized death rate (ASDR) 
of 508.9 (496.5 to 522.7). There were 180005.1 (173339.4 
to 187658.1) deaths in men and 146502.7 (141464.2 to 
151659.4) deaths in women in 2019. The ASDR in 2019 
was 544.3 (524.8 to 566.4) and 475.4 (459.6 to 491.6) in 
men and women, respectively. A 32% decrease in ASR-
DALYs was observed between 1990 and 2019 (-35% to 
-28%) (Table 1).

In 2019, men had higher deaths in all of the provinces 
except for Qom and Tehran. MWR ranged from 1.65 in 
Lorestan to 0.92 in Tehran. The most significant decrease 
in ASDR during 1990–2019 among men and women was 
recorded in Kurdistan (-42.1% [-54.8% to -27%]) and 
Chahar Mahaal and Bakhtiari (-41% [-53.7% to -23.1%]), 
respectively (Table S1).

Measures of YLDs and YLLs and a sex-specific assess-
ment of provincial burden are reported in Table 1 and Table 
S1, respectively. The comparison between 1990 and 2010 
and 2010–2019 revealed a significant stagnation in the 
decline rates of DALYs, YLLs, and deaths from NCDs 
in most provinces(Fig. 1). Additionally, we have seen an 
increase in burden indices in some provinces. Regarding 
incidence and prevalence, the increase in rates was higher 
in 2010–2019 than in 1990–2010. Furthermore, the stag-
nation in decline, along with increasing in incidence and 
prevalence, was more pronounced among men than women. 
Concerning YLDs, the rate of change declined among 
women and stabilized among men in 2010–2019 compared 
to 1990–2010. Detailed information on the change rates of 
NCD subgroups can be found in supplementary Figs. 1, 2, 
3, and 4. Furthermore, our time trend analysis confirmed 
our previous finding regarding the reversal of NCDs bur-
den as their declining behavior is slowed down in the last 
decade (Fig. 2). A comparison of the times between 1990 
and 2010 and 2010–2019 among NCDs subgroups includ-
ing neoplasms, CRDs, CVDs, and DM shows a considerable 
increase, especially among men and a marked slowdown in 
declines over time (Figure S5, S6, S7, and S8).

Age groups

The burden indices of NCDs rise continuously with age, 
and older age groups suffer the greatest burden. YLDs 
were consistently elevated in women (except for the 5–9 
age group), and this provided the basis for higher DALYs 
among women up to 45–49, excluding the 5–9 age group. 
In 2019, the surge in YLLs began in the 50–54 age group, 
resulting in higher DALYs among men from this age group 
to 75–79. Eventually, in the 80 + group, women had higher 

Results

Overall burden of NCDs

In 2019, there were 141234914.6 (95%UI, 134968873.0 
to 147641977) incident cases of NCDs, with an age-stan-
dardized incidence rate (ASIR) of 165910.6 (158062.6 to 
173639.3) per 100,000. There were 62,476,274 (59517167.5 
to 65759931) cases in men and 78758640.6 (75222093.7 
to 82272935.8) in women in 2019. The ASIR 2019 were 
147213.4 (140038.1 to 154816.9) and 185206.5 (176449 to 
193860) in men and women, respectively. A 2% increase 
in ASIR was observed between 1990 and 2019 (1–2%) 
(Table 1).

In 2019, women had a higher incidence of NCDs in all 
provinces. The highest and lowest men-to-women ratio 
(MWR) was recorded in Fars (0.81) and Mazandaran (0.78). 
The most significant increase in ASIR during 1990–2019 
among men and women was observed in Khuzestan (2.1% 
[-0.2–4.5%]) and Chahar Mahaal and Bakhtiari (2.3% [0.2–
4.6%]), respectively (Table S1).

In 2019, there were 78855189.4 (78135532 to 
79453190.7) prevalent cases of NCDs, with an age-stan-
dardized prevalence rate (ASPR) of 92646.5 (91678.3 to 
93466.6) per 100,000. There were 39177162.4 (38731987.6 
to 39571760.1) cases in men and 39,678,027 (39419842.3 
to 39896839.7) cases in women in 2019. The ASPR in 2019 
was 90536.3 (89363.9 to 91577.3) and 94854.3 (94115.6 to 
95486.1) in men and women, respectively. A 1% increase 
in ASPR was observed between 1990 and 2019 (0–1%) 
(Table 1).

In 2019, women had a higher prevalence of NCDs in all 
provinces. The highest and lowest MWR were observed in 
Tehran (0.96) and Mazandaran (0.95). The highest increase 
in ASPR during 1990–2019 among men and women was 
observed in Tehran (0.3% [-0.1–0.8%]) and Khuzestan 
(1.1% [0.7–1.4%]), respectively (Table S1).

NCDs were responsible for 15494548.5 (13229362.6 to 
18078885.3) DALYs in 2019, with an age-standardized rate 
of DALYs (ASR-DALYs) of 19632.9 (17000.1 to 22614.3) 
per 100,000. There were 7734064.3 (6744951.2 to 8846192) 
DALYs in men and 7760484.2 (6496609 to 9218299.9) 
in women in 2019. The ASR-DALYs 2019 were 19625.6 
(17282.4 to 22198.7) and 19685.5 (16706.5 to 23100.9) 
in men and women, respectively. A 26% decrease in ASR-
DALYs was observed between 1990 and 2019 (-31% to 
-20%) (Table 1).

In 2019, men had higher DALYs in most provinces, and 
MWR ranged from 1.2 in Lorestan to 0.9 in Tehran. The 
most significant decrease in ASR-DALYs during 1990–
2019 among men and women was observed in Kurdistan 
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in 1990 and 2019, except for the 10–14 and 80 + age groups 
in 2019 (Fig. 3).

Concerning neoplasms and CRDs, men had a higher rate 
of burden indices in 1990 and 2019, except for YLDs of 
CRDs in 2019. In terms of CVDs and DM, the gap between 
men and women started to narrow in the middle age group, 
and women took over men in older age groups. Eventually, 

DALYs than men due to their higher YLDs, along with nar-
rowed gaps in YLLs in the mentioned age group. Generally, 
the gap between men and women is more comprehensive in 
younger age groups and diminishes in older age groups. No 
general pattern regarding sex gaps was related to 1990 or 
2019. NCDs deaths were higher for men in all age groups 

Fig. 2 Time trend of age-standardized rate of deaths, disability-adjusted life years (DALYs), years of life lost (YLLs), years lived with disability 
(YLDs), prevalence, and incidence of non-communicable diseases by sex in from 1990 to 2019 in Iran

 

Fig. 1 Rate of change in age-standardized rate of deaths, disability-adjusted life years (DALYs), years of life lost (YLLs), years lived with disabil-
ity (YLDs), prevalence, and incidence of non-communicable diseases among men and women in 1990–2010 and 2010–2019 in Iran
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Fig. 3 Rate of deaths, disability-adjusted life years (DALYs), years of life lost (YLLs), years lived with disability (YLDs), prevalence, and inci-
dence of non-communicable disease by age and sex in 1990 and 2019 in Iran
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NCDs subgroups

Neoplasms

The ASIR of neoplasms increased by 1% (0–1%) among 
men and women in 2019, reaching 6454.8 (5282.1 to 
7917.8) and 5895.4 (4820.3 to 7191.7), respectively. As 
of 2019, ASR-DALYs of men with neoplasms decreased 
by 12% (-22–9%) and reached 2632.5 (2353.6 to 2885.9). 
Conversely, women’s ASR-DALYs decreased by -10% 
(-20–3%) and went to 2013.8 (1849.4 to 2160) (Table 1).

In 2019, men had a higher incidence of neoplasms in all 
provinces. The highest and lowest MWR were observed 
in Lorestan (1.1) and Tehran (1.09). The most significant 
increase in ASIR during 1990–2019 among men and women 
was observed in Qazvin (1.2% [0.6–2%]) and Yazd (0.9% 
[0.3–1.7%]), respectively (Table S1).

In 2019, men had higher DALYs of neoplasms in all 
provinces. MWR ranged from 1.74 in Lorestan to 1 in Teh-
ran. The largest increase in ASR-DALYs during 1990–2019 
among men and women was observed in Qazvin (12.4% 
[-15.3–56.2%]) and Sistan and Baluchistan (11% [-21.9–
68.2%]), respectively (Table S1).

the sex gap widens, which was more noticeable in 2019 
(Figure S9, S10, S11, and S12).

Incidence and prevalence of NCDs were consistently 
higher among women except for incidence in the 80 + age 
group in 1990 (Fig. 3). Moreover, incidence and prevalence 
of CVDs and neoplasms were consistently greater among 
men in all age groups except for 5–9 and 10–14 in 1990 and 
5–9 years in 2019. Sex differences in CRDs and DM pat-
terns were heterogeneous. Regarding Neoplasms, men out-
numbered women in the 50–54 age groups, and this trend 
persists in older age groups (Figure S9, S10, S11, and S12).

SDI

In 2019, similar incidence, prevalence, deaths, DAYLs, 
YLDs, and YLLs regarding NCDs and their subgroups were 
observed in countries with different SDI levels (Fig. 4). For 
example, in 2019, both Fars (1137.2 [1034.3 to 1250.6]), 
a high SDI province and Sistan and Baluchistan (1147.5 
[1037.1 to 1269.7]), a low SDI province, showed compa-
rable CVD incidence rates. In contrast, Chahar Mahaal and 
Bakhtiari (1934.8 [1656.9 to 2285.5]) and West Azerbaijan 
(3060 [2631.9 to 3463]) with similar SDI levels (low SDI) 
were far from each other in ASR-DALYs attributed to neo-
plasms (Figure S13, S14, S15, and S16).

Fig. 4 Age-standardized rate of deaths, disability-adjusted life years (DALYs), years of life lost (YLLs), years lived with disability (YLDs), 
prevalence, and incidence of non-communicable disease by sociodemographic index (SDI) quintiles among both sexes in 1990 and 2019 in Iran
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(60–92%) among men and reached 967.5 (785.9 to 1176.5) 
in 2019. Conversely, women’s ASR-DALYs increased by 
80% (52–103%) and amounted to 1052.3 (845.5 to 1286.4) 
(Table 1).

In 2019, women had a higher incidence of DM in the 
majority of provinces. MWR ranged from 1.09 in Khorasan-
e-Razavi to 0.83 in South Khorasan. The highest increase 
in ASIR during 1990–2019 among men and women was 
observed in Gilan at 121.9% (103.1–143%) and 166.9% 
(142–195%), respectively (Table S1).

In 2019, women had a higher DALYs of DM in the 
majority of provinces. MWR ranged from 1.16 in Chahar 
Mahaal and Bakhtiari to 0.83 in Mazandaran. The highest 
increase in ASR-DALYs during 1990–2019 among men and 
women was observed in Gilan at 144.7% (113.2–184.5%) 
and 194.4% (88–252%), respectively (Table S1).

MIR

Age-standardized rates of MIR for NCDs and their sub-
groups declined between 1990 and 2019. However, women 
consistently have higher rates of CVDs (0.39 in 1990 and 
0.26 in 2019) and DM (0.87 in 1990 and 0.07 in 2019). Table 
S2 provides year-by-year estimates of the age-standardized 
rate of MIR for NCDs and their subgroups.

Other burden measures of NCDs subgroups at national 
and subnational levels are presented in Table 1 and Table 
S1, respectively. Generally, except for DM, whose burden 
measures were higher in women, men have higher values 
than women. Compared to 1990, the sex gaps in NCDs sub-
groups are shrinking. Despite this, the sex gap in DM is wid-
ening in 2019. This indicates that this subgroup is mainly 
responsible for the overall sex gap in NCDs.

Discussion

In this study, the state of sex disparities in NCDs in Iran 
over the past three decades was comprehensively assessed. 
CRDs, CVDs, DM, and neoplasms comprise the majority of 
NCDs in Iran and are associated with considerable sexual 
disparities, which can negatively affect morbidity and mor-
tality rates. Several studies indicate that these disparities are 
driven by biological, socioeconomic, education level, and 
cultural factors that have an impact on disease outcomes dif-
ferently for men and women [1, 18].

Our study highlighted significant sex-based differences 
in the burden of NCDs in Iran. Among NCDs in 2019, fatal 
estimates (deaths and YLLs) were higher for men, while 
non-fatal estimates (incidence, prevalence, YLDs) were 
higher for women. DALYs, a measure of both estimates, are 
higher in women, resulting in a higher YLDs to YLLs ratio. 

CRDs

The ASIR of CRDs decreased by 3% in 2019 (-6–1%) 
among men, reaching 948 (805 to 1112.1). Conversely, 
ASIR among women dropped by 1% (-4–2%) and reached 
915.4 (797.9 to 1063.5). ASR-DALYs of CRDs declined by 
28% (-40% to -20%) among men and amounted to 898.61 
(801.8 to 997.8) in 2019. Conversely, women’s ASR-
DALYs decreased by -29% (-40% to -10%) and stood at 
690.45 (600.6 to 784.4) (Table 1).

In 2019, men had a higher incidence of CRDs in all 
provinces except North Khorasan. MWR ranged from 
1.07 in South Khorasan to 1 in North Khorasan. The great-
est decrease in ASIR during 1990–2019 among men and 
women was observed in Sistan and Baluchistan by -9.6% 
(-15.6% to -3.9%) and − 7.8% (-12.6% to -2.1%), respec-
tively (Table S1).

In 2019, men had a higher DALYs of CRDs in all prov-
inces. MWR ranged from 1.58 in Qazvin to 1.13 in North 
Khorasan. The largest decrease in ASR-DALYs during 
1990–2019 among men and women was observed in Sis-
tan and Baluchistan by 42% (-57.3% to -14.4%) and 42.2% 
(-57.8% to -17.4%), respectively (Table S1).

CVDs

In 2019, the ASIR of CVDs decreased by 6% (-8% to -5%) 
for men and women, reaching 1334.9 (1199.5 to 1477) and 
1033.7 (945.5 to 1124.4), respectively. In 2019, the ASR-
DALYs of CVDs decreased by 44% (-49% to -39%) among 
men and reached 5683.6 (5331.3 to 6069.6). Conversely, 
women’s ASR-DALYs dropped by -43% (-49% to -37%) 
and fell to 4483.1 (4116.3 to 4796.4) (Table 1).

In 2019, men had a higher incidence of CVDs in all prov-
inces. MWR ranged from 1.33 in Yazd to 1.24 in Fars. The 
greatest decrease in ASIR during 1990–2019 among men 
and women was observed in Khorasan-e-Razavi by -11.8% 
(-16.2% to -7%) and − 11.1% (-14.5% to -7%), respectively 
(Table S1).

In 2019, men had a higher DALYs of CVDs in all prov-
inces. MWR ranged from 1.76 in Lorestan to 1.03 in Qom. 
The highest decrease in ASR-DALYs during 1990–2019 
among men and women was observed in Kerman (-50.7% 
[-61.9% to -35.9%]) and Chahar Mahaal and Bakhtiari 
(-48.7% [-60.7% to -32.6%]), respectively (Table S1).

DM

ASIR of DM increased by 78% (71–86%) among men and 
reached 319.7 (293.3 to 348.9) in 2019. Conversely, ASIR 
among women increased by 103% (95–113%) and grew to 
348.9 (319.5 to 382.6). ASR-DALYs of DM grew by 77% 
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hepatitis B and C viruses and human papillomaviruses [33]. 
Different genes on the X-chromosome related to immunity 
and tumor suppression may explain sex differences in can-
cer risk [29]. Also, the loss of the Y-chromosome in men and 
epigenetic inactivation of X-chromosome genes contribute 
to gender disparities [30, 34].

Among Iranian men, CVDs remain the leading cause of 
death. Our findings are consistent with the higher prevalence 
of coronary heart disease among men in Tehran compared 
to women, particularly pronounced in patients with diabetes 
[35]. This is also aligns with higher CVDs mortality rates 
among men in Tehran lipid and glucose study, especially in 
those over 50 years of age [2].

Smoking and high-cholesterol diets contribute to CVDs 
in men at a young age. Furthermore, the metabolism of men 
undergoes unfavorable changes during their early adult-
hood, setting the stage for premature CVDs among them 
[5]. Women, however, often show atypical symptoms, lead-
ing to underdiagnosis or delayed treatment, which compli-
cates outcomes [18]. The Hoveyzeh Cohort Study reported 
that diabetes and hypertension exhibited a higher correla-
tion with CVDs in men than in women [36]. This is echoed 
by a disproportionate rise in ischemic heart disease rates 
among men if current trends continue [37].

Nevertheless, the sex gap between men and women is 
narrowing, especially among women who have reached 
menopause. Isfahan Cohort study reported that the 10-year 
difference in CVDs incidence between men and women has 
decreased [38]. Accordingly, CVDs prevalence is higher 
among women in older age groups, which is consistent with 
a higher stroke prevalence among Iranian women than men 
as a result of their longer life expectancy [39].

CVDs morbidity and mortality are substantially influ-
enced by hypertension [40, 41]. Women are less likely to 
have hypertension and high blood pressure (BP) than men 
of similar age at a young age [42]. However, the sex gap 
narrows as one age, with both sexes showing almost similar 
prevalence rates between 65 and 84 years of age [43]. This 
is consistent with the narrowed sex gap in CVD burden as a 
result of aging in our study.

At an older age, women with hypertension are more 
likely to develop heart failure than men [42, 44]. women 
with hypertension had a 50% and 36% higher probability 
of suffering a MI and stroke, respectively, compared to men 
[45, 46]. Furthermore, studies revealed that women with 
hypertension have an excess risk of 7% of stroke and an 
excess risk of 27% in MI [47, 48].

The relationship between obesity and BP is stronger in 
women. Thus, women with a similar BMI increase have 
a greater systolic BP [11]. Moreover, compared to men, 
women showed a steeper increase in BP measures that were 
initiated in the third decade and persisted throughout life 

Our findings are consistent with the Ravansar Cohort study, 
which reported a higher prevalence of NCDs in women than 
in men, except for kidney stones [19].

In terms of NCD subgroups, men were superior in all 
burden indices except for DM and YLDs in CVDs. These 
findings were in line with the higher prevalence of diabe-
tes among women in the Shahrekord Cohort study and the 
higher prevalence of CVDs and kidney stones in men [20].

Similar to our findings, there is an increasing trend in 
NCD risk factors, particularly highlighting that men are at 
greater risk due to the high burden of risk factors and haz-
ardous exposures. By 2030, there is expected to be a sig-
nificant increase in mortality rates, especially among men, 
due to increased exposure to behavioral risk factors [21, 22]. 
Moreover, higher mortality rates among men are attributed 
to the life expectancy gap [3].

In contrast, Rafsanjan Cohort study revealed that women 
were more likely to have cardiometabolic risk factors, 
including body mass index (BMI), low-density lipoprotein, 
and total cholesterol. However, self-reported myocardial 
infarctions (MIs) and cardiac disease were significantly 
higher in men [23]. It is possible that this state of high-risk 
exposure could be compensated for by the presence of sex 
hormones or overshadowed by the high prevalence of other 
risk factors among men.

There are significant differences in the burden of cancer 
among women and men in Iran. It is evident that both the 
onset and outcomes associated with these conditions are 
more severe in men. The findings of our study are consis-
tent with the findings of the U.S. pan-cancer study, which 
also showed higher occurrence and deteriorating survival 
rates for men [24]. Additionally, almost all non-sex-specific 
cancers are reported to have lower mortality rates among 
women than among men [25].

Excluding sex-specific cancers, men are more than twice 
as likely to suffer from most cancers than women at shared 
anatomic sites [26]. This disparity has been attributed to 
differences in occupational exposures, smoking, drinking, 
diet, health care access, and cancer screening [27, 28]. It is 
noteworthy that carcinogenic exposures differ between the 
sexes, but their impact on men’s predominance was modest 
(11.2–49.5%). Therefore, our collective priority should be 
on examining how sex-related biological mechanisms may 
play a major role in gender variations in risk of cancer rather 
than variations in carcinogenic exposures [6]. Progesterone 
and estrogen levels differ in women, contributing to lower 
cancer rates [29, 30]. Conversely, men with high testoster-
one levels may be at a higher risk for liver, prostate, and 
skin cancer due to its ability to promote cell growth [31, 32].

Women’s adaptive and innate immune responses may 
reduce their cancer risk. Women’s immune systems can 
better fight infections caused by oncogenic agents such as 
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the rise [60]. Women are exposed to toxic substances for 
longer periods due to dissimilar metabolisms of tobacco 
components [59]. Moreover, CRDs are prevalent among 
women due to household air pollution resulting from the 
indoor combustion of solid fuels [57].

CRDs are more common among women than men in older 
age groups because of menopause-associated alveolar loss 
[61]. Furthermore, The physiology of women makes them 
more vulnerable to lung function decline when adjusted for 
the number of cigarettes smoked [62]. It is also known that 
men and women react differently to nicotine and the sensory 
effects of smoking. Therefore, nicotine patches are more 
effective in quitting smoking in men than in women [63].

In analyzing the NCDs subgroups, it is essential to con-
sider the co-existence of NCDs, also called multimorbid-
ity [64]. A significant proportion of NCDs mortality can be 
attributed to their multimorbidity in the eastern Mediterra-
nean region [65], and this phenomenon affects more than 
half of adults with NCDs [66].

In the Persian cohort study, multimorbidity prevalence 
was higher in women (39.1%) than men (24.9%) [20]. 
Furthermore, women are at higher risk of multimorbidity 
(OR = 1.49) in the Kurdish population [67]. In the Goles-
tan cohort study, multimorbidity prevalence was 19.4%, 
with CVDs (72.7%), diabetes (25.3%), and COPD (21.9%) 
being the most common diseases [10]. Women were 2.11-
fold more likely to have multimorbidity than men [10]. The 
high prevalence of multimorbidity in these studies further 
confirms the high prevalence of NCDs among women in our 
study.

Genetic, hormonal, behavioral, and social factors may 
explain concurrent morbid conditions. Different sexes have 
also been cited for health-seeking behaviors [3]. In addition, 
women are more likely to mention their conditions in self-
reports [68]. A higher prevalence of hypertension, obesity, 
and physical inactivity makes women more likely to suf-
fer from multimorbidity [64]. Also, due to their longer life 
expectancy and greater hazardous exposure, women will 
suffer greater losses due to longer exposure to risk factors 
[10, 69].

This study underscores the significant sex disparities 
in the burden of NCDs in Iran, noting that men generally 
face higher mortality rates while women experience higher 
prevalence and disability from these conditions. These find-
ings emphasize the critical need for sex-sensitive health 
interventions and policies that address disease outcomes for 
men and women. Improving healthcare access, promoting 
preventive measures, and ensuring representation of women 
in health research and policymaking are essential steps 
towards reducing these disparities and enhancing overall 
health equity.

[49]. The early onset and elevated BP profile coupled with 
higher BMI exposure in women contribute to the more 
severe manifestations of hypertension on CVDs in women 
than men [5, 45].

Iranian women are more likely to develop diabetes 
and die from it, due to a variety of factors. According to 
the STEPwise Approach to NCD Risk Factor Surveillance 
(STEPS), 41% and 57% of men and women had low physi-
cal activity, respectively. Furthermore, a significant differ-
ence (p < 0.001) was observed between obesity prevalence 
among men (15.3%) and women (29.8%) [50]. A higher 
proportion of fat and less muscle tissue contributes to obe-
sity in women. Furthermore, hormones during puberty, 
contraceptives, pregnancy weight gain, hormonal disorders 
during menopause, and inactivity can contribute to obesity 
[51]. Obesity can have extensive effects on women’s repro-
ductive system, especially on gestational diabetes [52].

As a consequence, gestational diabetes is associated with 
a higher incidence of diabetes among women, illustrating 
the importance of providing high-quality prenatal care to 
detect and manage gestational diabetes during pregnancy 
[53]. Based on these risk factors, diabetes is projected to 
increase by 11.2% and 9.5% in women and men, respec-
tively, in 2030 [4].

The burden of CRDs is higher among Iranian men. How-
ever, women often experience more severe outcomes due 
to later diagnoses and less aggressive treatment approaches 
[54]. This study showed that men had a higher burden of 
CRDs than women, in accordance with the worldwide trend 
[55]. However, this finding contrasts with the higher preva-
lence of CRDs among women in the Azar [56] and Hov-
eyzeh [36] Cohort studies.

Globally, smoking was the primary risk factor for 
CRD-related disability for men [55]. The STEPS [57] and 
Hoveyzeh [36] studies reported that in terms of smoking 
prevalence, men and women have a huge discrepancy with 
men smoking about 6 times more than women. Moreover, 
due to differences in job distribution, men are more exposed 
to occupational pollutants [57]. The Rafsanjan Cohort study 
indicated that more than 16% of its participants (33.47%), 
mostly men, are pistachio farmers or copper miners, likely 
to be exposed to toxic chemicals or dust. Although both 
groups have healthy lipid profiles, their BP is higher than 
in other occupations. Consequently increasing their risk of 
CVDs and CRDs [23].

Globally, chronic obstructive pulmonary disease (COPD) 
remains the most prevalent CRDs among men and women 
[55]. Evidently, it is now more common among women than 
men to die from COPD; for instance, COPD-related deaths 
among American women outnumber those of men [58, 59]. 
As smoking patterns evolve and women take on tradition-
ally male occupations, COPD prevalence in women is on 
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