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Abstract

Background

The prevalence of chronic diseases has increased concurrent with the increase in

life expectancy and musculoskeletal disorders (MSDs) are among them. They have a
high burden all over the world and are among the leading causes of years lived with
disability (YLDs). MSDs are generally divided into six categories, and osteoarthritis
(OA), rheumatoid arthritis (RA), and low back pain (LBP) are among most of the most
prevalent MSDs. In this study, we aimed to assess the burden of these three disor-
ders in Iran.

Methods

Data were retrieved from the global burden of disease (GBD) study 2019 to inves-
tigate the epidemiological features of the burden of RA, OA, and LBP and the
attributed burden to their risk factors in Iran and its provinces.

Results

The total number of OA, RA, and LBP increased from 1990 to 2019. Although the
age-standardized incidence rate (ASIR) of LBP decreased by -8.4%, the ASIR of
OA and RAincreased by 7.3% and 7.6% (reached 445.0 (95% uncertainty interval
395.9 to0 501.9) and 5.0 (4.5 to 5.6) per 100,000 population in 2019, respectively).
The age-standardized prevalence rate (ASPR) of OA and RA increased by 7.0%
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and 9.3%, respectively (5588.2 (5041.2 to 6228.6) and 109.1 (97.8 to 120.9) in
2019) while, the ASPR of LBP decreased by 9.5% (8,486.5 (7,533.8 t0 9,528.3) in
2019). Females were more prone to establish OA and RA, but males were more
predisposed to developing LBP. The highest OA incidence rate was presented in
55-59 years with a decreasing pattern over 59 years, 35-39 years with a decreasing
pattern for older patients for RA, and 75—79 years with an increasing LBP incidence
observed as age increased.

Conclusion

LBP, OA, and RA are still significant health issues, and the number of patients is
increasing, which imposes much burden. The increase in the prevalence of MSDs in
Iran alarmingly highlights the need for immediate policies designed to reduce their
burden. Therefore, epidemiological information helps make policies and reallocate
sources that can improve healthcare services.

1. Introduction

Over previous decades, life expectancy has increased all over the world and as most
chronic diseases such as musculoskeletal disorders (MSDs) have a higher inci-
dence in older populations, their prevalence has increased. Moreover, with medical
advancements, the prevalence of chronic diseases that were previously fatal has
increased. Subsequently, more health efforts and expenditures are needed to maxi-
mize healthy life expectancy [1,2].

The global burden of disease (GBD) study provides epidemiological estimates on
the disability and mortality of diseases and injuries to improve healthcare [3]. Accord-
ing to the GBD study, MSDs are categorized into six groups; osteoarthritis (OA),
rheumatoid arthritis (RA), low back pain (LBP), neck pain, gout, and other muscu-
loskeletal disorders [4]. Globally, 5.6% of total disability-adjusted life years (DALYs)
and 15.9% of the years lived with disability (YLDs) in 2017 belonged to MSDs [2,5].
During 1990-2017, the number of incidence cases for MSDs had increased by 58%,
including 52% for LBP and 102% for OA [6], and two-thirds of rehabilitation services
allot to musculoskeletal conditions in adults [7]. A recent study in Iran showed a
significant increase in the burden of MSDs and had the most increased percentage of
MSD DALY across the world. MSDs were the second and third causes of YLDs and
DALYs in 2017, and LBP was the most common cause of disability [8].

Although age is a major risk factor, MSDs are not just appeared in the elderly;
LBP, musculoskeletal injury, and inflammatory arthritis are also common in children,
adolescents, and the middle-aged population [9]. Based on the GBD 2019 esti-
mates, most risk factors for MSDs, such as old age, female sex, or genetic suscepti-
bility, are not modifiable. However, others such as high body-mass index (BMI), high
sugar-sweetened beverages (SSBs) intake, and occupational and ergonomic factors
are amenable [10]. Some risk factors are attributable to the increased prevalence
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of MSDs. The aging population and decreased fertility rate in Iran contribute to the increasing MSDs burden [11]. Insuf-
ficient physical activity is also another major health concern and have a significant role in musculoskeletal morbidity
[12,13].

Musculoskeletal health is essential for activity and well-being. A strong relationship between physical activity and
chronic diseases such as cardiovascular conditions, osteoporosis, cancer, and diabetes in older people is present. There-
fore, MSDs are an important component of multi-morbidity [14]. MSDs impress the social, community, and occupational
dimensions of life and can lead to chronic pain, physical activity limitation, and increased risk of mental health disorders
[15]. In addition to personal effects and direct costs for prevention, detection, treatment, and rehabilitation, MSDs impose
an indirect cost by restricting usual activity and work productivity [16].

In Iran, the recent demographic changes showed a marked increase in life expectancy, elderly population, and
decreased fertility rate, so MSDs are suspected to increase [17]. However, there need to be more studies about the
national and subnational burden of MSDs. Estimating epidemiological metrics is a significant step for the clinician and
political agenda to implement new plans for the prevention and management of diseases. In this study, we reported the
national and subnational burden and risk factors of OA, RA, and LBP in Iran by age, sex, and socio-demographic index
(SDI), and we also evaluated the trend of these MSDs during 1990-2019.

2. Methods
2.1. Overview

The GBD 2019 represents the global, regional, national, and subnational burden of 369 diseases and attributed
burden to 87 risk factors for 204 countries in terms of prevalence, incidence, deaths, YLDs, DALY's, and years of life
lost (YLLs) [18]. MSDs are categorized into six groups including osteoarthritis, rheumatoid arthritis, low back pain,
neck pain, gout, and other musculoskeletal disorders (such as ankylosing spondylitis, lupus erythematosus, psoriasis
arthritis, fibromyalgia, etc.) [18]. In this study, we described the fatal and nonfatal burden of OA, RA, and LBP in Iran
and 31 provinces from 1990-2019 using the GBD 2019 findings based on age groups, and sex and we also grouped
provinces according to the sociodemographic index (SDI). The International Statistical Classification of Diseases
(ICD-10) code of investigated diseases is shown in S1 Table. The STROBE checklist is also available as supplemen-
tary material.

No individual data were reported in this paper and the information is based on aggregated pre-existing online data.
All the data included in this study are publicly available on the GBD 2019 Compare tool (https://vizhub.healthdata.org/
gbd-compare/). Therefore, the need for ethical approval was not necessary in this study. This study was conducted in
compliance with the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) statement. Also, as
there is no individual data reported in this study, participant consent was not needed.

2.2. Case definition

RA is an autoimmune disease that is confirmed based on the 1987 criteria by the American College of Rheumatology
(ACR 1987) which four criteria are needed for a diagnosis. Criteria include: 1) morning stiffness at least one hour, 2) arthri-
tis in three or more joints observed by physician, 3) arthritis of hand joints, 4) symmetric arthritis, 5) rheumatoid nodules,
6) the presence of rheumatoid factor, and 7) radiographic erosions on x-ray of hands [19].

OA is defined based on Kellgren-Lawrence grade 2—4 and pain one month out of the last 12 months. Grade 2 consists
of osteophyte in the hip or knee and pain for at least one month out of the last 12. Grade 3—4 consists of osteophyte and
joint space narrowing and deformity present at grade 4 [20].

LBP is defined as back pain with or without pain referred into one or two lower limbs that last for at least one day and
low back is the area on the posterior between the lower margin of the 12th ribs and lower gluteal folds [21].
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2.3. Data processing and disease model

Fatal burden metrics including total mortality and YLLs were calculated for RA. The cause of death was estimated by the
ensemble model (CODEm) [22,23] and then the consistency between all causes of distribution and the sum of cause-
specific estimates were computed by the cause of death correction (CODCorrect) [24]. YLL metric is an indicator of years
of life lost due to premature mortality. YLLs were computed by summing the number of deaths that is multiplied by the
number of years of life remaining at each age group [18,25]. Non-fatal burden metrics include YLDs and DALYs. YLD is
described as years lived in less-than-ideal health. Multiplying the average of disability weight was used to calculate YLDs
and DALYs were calculated as the sum of YLDs and YLLs. DisMod-MR 2.1 was the main tool in the estimation of the dis-
ability [18,26]. All rates were reported as age-standardized to the GBD world standard population to enable comparability
over time and between locations. The 95% uncertainty intervals (Uls) were derived from 1,000 draws from the posterior
distribution and defined as the 2.5th and 97.5th percentiles.

2.4. Attributed burden to risk factors

For determining the specific risk factor, the theoretical minimum risk exposure level (TMREL) was used for the counter-
factual distribution of exposure for such specific risk factors without any change on the other risk factors. Also, it is appli-
cable for the combination of risk factors to assess the attributable burden and population attributable fractions (PAFs). In
order to assess the combined effects of risk factors, interpose the effect of risk factors on each other should be taken into
account. The mediated matrix established in GBD 2017 [27] was applied to adjust the overestimation of PAFs and the
attributable burden in the case of risk combination [28].

2.5. Socio-Demographic Index

SDI is a measure that identifies the spectrum of development according to income in capita, educational level, and fertility
rate [29]. It ranges from O (less developed) to 1 (most developed).

2.6. Decomposition analysis

Three factors played a role in changing the incidence of these selected diseases from 1990 to 2019. The absolute number
of the incident, changing age group structure, and population growth are factors that influenced the incidence of OA, RA,
and LBP. Several steps were performed to investigate the involvement of each factor. 1) The age structure and incidence
of selected diseases in 1990 were considered for the population of 2019; 2) The incidence of each disease according to
the age groups of 1990 was used for the population and age arrangement of 2019; 3) The alteration of incident cases
between steps 1 and 2 is considered to be related to the alteration of age structure during 1990-2019. Eventually, the
variance between the incidence rate of step two and the true incidence of 2019 is considered for the alteration of the
incidence rate [30]. All illustrations were done by R package V4.2.0 based on the extracted Excel datasets from the GBD
Results Tool.

3. Results
3.1. Rheumatoid arthritis (RA)

The number of RA new cases increased from 2,314 (95% Ul 2,071-2,597) in 1990-4,684 (4,128-5,303) in 2019. The
age-standardized incidence rate (ASIR) of RA has increased by 7.6% from 4.7 (4.2 to 5.2) in 1990 to 5.0 (4.5 to 5.6)

per 100,000 population in 2019 with a higher increase in females (8.0%) than males (6.6%). In 2019, the number of RA
cases were 99,141 (88,570-110,731) and was higher in females compared to males (female: 76,897, male: 22,245).
The age-standardized prevalence rate (ASPR) was 99.8 (89.6 to 110.9) and 109.1 (97.8 to 120.9) in 1990 and 2019,
respectively which shows an increase of 9.3% (female: 8.5%, male: 7.0%). The age-standardized YLDs rate (ASYR) has
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increased by 9.1% from 13.4 (9.0 to 18.0) to 14.6 (9.9 to 19.8) with a higher rate in change among female (8.5%) than
male (6.3%). The age-standardized rate of death was 0.1 (0.1 to 0.2) in 2019 which is enlarged by 9.5% and the rate of
death was more increased in male (34.1%) than female (5%). The age-standardized rate of YLLs was 2.4 (1.4 to 3.6) in
1990 and 2.7 (1.1 to 3.6) in 2019 which interfaced 14% increase during 1990-2019. The rate of age-standardized YLLs in
1990 and 2019 was higher in female than male (3.7 and 4.0 vs 1.1 and 1.5, respectively), but the percentage of change
was higher in male than female (31.7% vs 7.6%) (Table 1, Figs 1a and 2a). The lowest and highest increase in ASIR,
ASPR, and ASYR during 1990-2019 were reported in Tehran (1.0%, —0.1%, 0.1%) and llam (13.9%, 17.4%, 16.7%) prov-
inces, respectively (S2 Table).

Regarding the age groups, the highest incidence rate was observed in 35-39 years’ age group and the pattern was
decreasing with older ages. The rate of incidence, prevalence and DALYs were higher in females in all age groups.
The highest rate of prevalence and DALYs were in 55—64 age groups (Fig 3a). The ASIR and age-standardized death
rate did not show significant differences between SDI quintiles and there was a mild increase in the ASIR of all prov-
inces between 1990 and 2019. Tehran had the highest ASIR and age-standardized death rate in both 1990 and 2019
(Fig 4a).

Decomposition analysis of new cases at national level showed an overall 102.4% increase from 1990 to 2019, in which
12.9%, 45.5%, and 44.0% of the changes in new cases were attributable to incidence rate, age structure change, and
population growth, respectively. This pattern was observed in both sexes (Table 2).

The age-standardized DALYs rate attributed to smoking have decreased 4.1% between 1990 and 2019. In 2019, Teh-
ran had the highest and Fars had the lowest age-standardized DALY rate attributed to smoking. In most of the provinces
the attributed rate was lower that national rate (Table 3, Fig 5a).

3.2. Osteoarthritis (OA)

The OA new cases increased from 129,719 (114,779-146,476) in 1990-385,983 (342,697-434,999) in 2019 and
the percentage of increase was higher in females compared to males (210.8% and 182.0%, respectively). In 2019,
the absolute number of OA cases in Iran were 4,282,092 (3,844,615-4,781,751) and were higher in females com-
pared to males (female: 2,431,715, male: 1,850,377). The ASIR of OA has increased by 7.3% from 414.6 (369.2

to 466.7) in 1990 to 445.0 (395.9 to 501.9) in 2019 per 100,000 population and the increase was higher in females
(7.7%) compared to males (5.9%). The ASPR in 2019, was 5588.2 (5041.2 to 6228.6) and increased by 7.1% and
5.7% in females and males, respectively. The number of OA YLDs in 2019 were 149,354 (75,490-293,270) and had
a 201.5% increase between 1990 and 2019. The ASYR had a 7.9% increase during this period (Table 1, Figs 1b
and 2b).

At the subnational level, the lowest and highest increase in the ASIR, ASPR, and ASYR were reported for Tehran
(6.0%, 4.8%, 5.3%) and llam (8.9%, 8.8%, 9.7%), respectively. The highest increase for ASYR was also reported for Lor-
estan (9.7%) (S3 Table).

With regard to the age groups, the highest and lowest incidence rate was seen in 55-59 years and 30-34 years old,
respectively. The incidence rate showed a decreasing pattern by increasing in age after 55-59 years. Meanwhile, the
highest rate of prevalence and YLDs was in 80 years and older. Females had higher rates of incidence, prevalence, and
YLDs in all age groups compared to males (Fig 3b).

The ASIR and ASYR were higher in provinces with higher SDI and increased in all SDIs between 1990 and 2019. The
increase was more prominent in low SDI provinces such as Sistan and Baluchistan and Kurdistan. Tehran had the highest
ASIR and ASYR among all provinces both in 1990 and 2019 (Fig 4b).

Decomposition analysis of new cases at the national level showed an overall 197.6% increase from 1990 to 2019, in
which 20.8%, 132.7%, and 44.0% of the changes in new cases were due to incidence rate, age structure change, and
population growth, respectively. This pattern was observed in both sexes (Table 2).
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Fig 1. Time trend in the age-standardized rate and all ages number of epidemiological burden measures due RA (left), OA (middle) and LBP
(right) from 1990 to 2019.

https://doi.org/10.1371/journal.pone.0344038.9001

The ASYR attributed to high BMI has increased from 21.7 (7.9 to 48.4) in 1990 to 36.2 (14.9 to 79.9) in 2019 by 67.0%
which has been more in males (87.8%) than females (51.8%). The highest ASYR attributed to high BMI was in Tehran and
Mazandaran and the lowest was observed in Sistan and Baluchistan and Chahar Mahaal and Bakhtiari (Table 3, Fig 5b).

3.3. Low back pain (LBP)

The number of LBP new cases increased from 1,564,670 (1,374,347-1,779,555) in 1990-3,050,709 (2,686,650—
3,487,116) in 2019. However, the ASIR decreased by -8.4% during this period with a higher decrease in males (10.9%)
compared to females (5.1%). In 2019, the number of LBP cases was 7,415,044 (6,524,554—-8,393,689) and was higher in
males compared to females (females: 3,653,273; males: 3,761,771). The ASPR and ASYR have decreased by 9.5% and
9.5%, respectively during 1990-2019 (Table 1, Figs 1c and 2c).

At the subnational level, the ASIR, ASPR, and ASYR decreased in all provinces between 1990 and 2019. The highest
decreases of ASIR, ASPR, and ASYR were in East Azarbayejan (-12.4%, —14.5%, and -14.6%, respectively), and the
lowest decreases were in Tehran (ASIR: -6.4%, ASPR: -6.9%, and ASYR: —6.9%, respectively) (S4 Table).

Regarding the age groups, the highest and lowest incidence, prevalence, and YLDs rate were seen in 75-79 years and
5-9 years, respectively. These rates showed an increasing pattern by increasing in age. Males had higher rates of inci-
dence, prevalence, and YLDs rates in almost all age groups compared to females except for 5-14 years and also 80-plus
age groups (Fig 3c). The ASIR and ASYR did not show significant differences between SDI quintiles and there was a
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Fig 2. The subnational age-standardized rates of epidemiological burden measures of RA (top), OA (middle), and LBP (bottom) in 1990 and
2019, both sexes. (Contains information from OpenStreetMap and OpenStreetMap Foundation, which is made available under the Open Database
License, https://www.openstreetmap.org/copyright).

https://doi.org/10.1371/journal.pone.0344038.9002
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Fig 3. Epidemiological burden measures rate due to the RA (left), OA (middle), and LBP (right) in 1990 and 2019 by sex and age group.

https://doi.org/10.137 1/journal.pone.0344038.9003

decrease in the ASIR and ASYR rates of all provinces between 1990 and 2019. Mazandaran and Tehran had the highest,
and East Azarbayejan had the lowest ASIR and ASYR in both 1990 and 2019 (Fig 4c).

Decomposition analysis of new cases at the national level showed an overall 95% increase from 1990 to 2019, in which
-18.8%, 69.8%, and 44.0% of the changes in new cases were due to incidence rate, age structure change, and popula-
tion growth, respectively. This pattern was observed in both sexes.

The ASYR attributed to high BMI has increased by 49.4%, while it has decreased for smoking (-21.8%) and occu-
pational ergonomic factors (-17.4%) between 1990 and 2019. In 2019, Mazandaran had the highest and Qom had the
lowest ASYRSs attributed to occupational ergonomic factors. Tehran and Mazandaran had the highest ASYRs attributed to
smoking. Also, Mazandaran had the highest ASYRs attributed to high BMI (Table 3, Fig 5c¢).

4. Discussion

Communicable diseases, maternal diseases, neonatal diseases, and malnutrition conditions are shifting toward non-
communicable diseases (NCDs) and have attracted much attention in recent decades. The NCDs comprised 43.9% of all-
caused global DALYs in 1990, whereas they steadily increased during past decades and reached 61.4% in 2016 [31]. Due
to the life expectancy and rising average age of people worldwide, people are more prone to developing NCDs like MSDs
[32]. Moreover, obesity and smoking are well-known risk factors for the development of MSD [33,34], and due to the
increasing pattern of obesity and smoking in Iranian individuals, an increase in the incidence of MSDs is expected [35,36].
Mounting evidence points toward the high prevalence and burdensome nature of MSDs around the world, and all
MSDs comprise 17.12% of all YLDs, and 5.896% of all caused DALY [37]. To the best of our knowledge, this is the first
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Fig 4. Subnational age-standardized epidemiological burden measures rate due to RA (left), OA (middle) and LBP (right) in 1990 and 2019
based on the socio-demographic index (SDI) quintiles.

https://doi.org/10.1371/journal.pone.0344038.9004

Table 2. Decomposition analysis of RA and OA new cases between 1990 and 2019 at the national level by sex.

Cause Sex New cases Expected new cases in % 1990-2019 new cases change cause % 1990 - 2019
2019 new cases overall change
1990 2019 Popula- | Population Population | Age structure | Incidence rate
tion growth+Aging | growth change change
growth
Rheumatoid | Both 2,314 4,684 3,332 4,385 44.0% 45.5% 12.9% 102.4%
arthritis Female | 1,748 3,485 2534 3,253 44.9% 41.1% 13.3% 99.3%
Male 566 1,199 809 1,129 43.1% 56.5% 12.5% 112.0%
Osteoar- Both 129,719 | 385,983 | 186,796 | 358,948 44.0% 132.7% 20.8% 197.6%
thritis Female | 69,896 | 217,254 | 101,312 | 201,207 44.9% 142.9% 23.0% 210.8%
Male 59,823 |168,729 85,604 | 159,004 43.1% 122.7% 16.3% 182.0%

https://doi.org/10.1371/journal.pone.0344038.t002

epidemiological study that reported the absolute number, rate, trend, and attributed risk factors of OA, RA, and LBP in Iran
at the subnational level. Our study was designed to inform the national and subnational levels of health parameters: prev-
alence, incidence, death, DALYs, YLLs, and YLDs by all ages number, age-standardized rates, and by the age groups
and sex for the selected disorders of MSDs.
OA is a common joint disorder, contributing significantly to disability and activity limitations. Its prevalence is steadily ris-
ing due to the aging global population. Risk factors for OA include female gender, older age, genetic susceptibility, obesity,
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Fig 5. Age-standardized epidemiological burden measures rate due to RA (top), OA (middle), and LBP (bottom) attributed to risk factors in
2019.
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and joint injury [38]. Our study shows that the incidence of OA increased from 1990 to 2019, with a higher rise in females
than in males. The age-standardized incidence rate (ASIR) of OA increased by 7.3%, with females showing a higher
increase (7.1%) compared to males (5.7%). YLDs for OA rose by 201% between 1990 and 2019. Females had higher rates
of incidence, prevalence, and YLDs in all age groups, indicating female gender as a risk factor. Previous studies confirm a
higher OA burden in females [39,40], which is likely multifactorial, involving hormonal, genetic, and structural factors [41].

Age group analysis revealed that individuals aged 55-59 had the highest incidence of OA, while those aged 30-34 had
the lowest. Although higher age correlates with greater incidence, a decline was observed in those over 59. The highest
prevalence and YLDs were seen in patients over 80, confirming aging as a significant risk factor. A higher incidence in
females aged 40—60 and a decreasing trend after 60 aligns with other studies [42,43]. On a subnational scale, Tehran and
llam provinces showed the lowest and highest increases in age-standardized incidence rate (ASIR), age-standardized
prevalence rate (ASPR), and age-standardized YLDs, respectively, while Lorestan had the highest increase in age-
standardized years lived with disability (ASYR). These findings can inform health policy and resource allocation to better
manage OA’s burden.

According to the SDI, ASIR and ASYR increased across all SDIs from 1990 to 2019, with higher SDI provinces show-
ing higher rates. Tehran, as a high-SDI province, had the highest ASIR and ASYR in both 1990 and 2019. However, the
increase was more pronounced in low-SDI provinces, highlighting the economic impact on the OA burden. Obesity or high
BMI is a well-established risk factor for OA. Our study found that the ASYR attributed to high BMI increased by 67.0%
from 1990 to 2019, with a higher increase in males than females.

OA remains a significant global public health issue. MSDs account for 17.11% (14.86 to 19.78) of all YLDs, with OA
being the third most common cause of YLDs among MSDs, following low back pain (7.41% (6.16 to 8.74)) and neck pain
(2.56% (1.98 to 3.32)). OA contributed 2.19% (1.29 to 4.07) of all YLDs in 2019 [37]. Our findings align with the GBD
2017 study, which showed an increasing trend in the OA burden globally [44]. Fu et al. focused on hip OA, noting rising
incidence and YLDs worldwide [45]. Liu et al. documented a significant increase in the burden of knee and hip OAin the
USA and China [46]. A GBD 2019 study on hand OA, the most common form, found an 82.07% increase in incidence from
1990 to 2019, though age-standardized incidence and years lived with disability (ASIR and ASYR) rates declined. This
decrease may reflect improved management of OA [43].

RA is the most common inflammatory joint disease, leading to significant morbidity, disability, and socioeconomic
burden [47]. Advances in understanding RA’'s pathophysiology have improved patient prognosis. Risk factors for RA are
divided into host factors (e.g., smoking, diet, infections, lifestyle, socioeconomic factors, airborne agents) and intrinsic
factors (e.g., genetics, epigenetics, hormones, reproductive, neuropsychiatric, and neuroendocrine factors) [48]. RAis a
major global health issue, with higher prevalence in North America, Europe, and the Eastern Mediterranean regions [49].
The GBD 2017 study reported a prevalence of 20 million, an incidence of 1.2 million, and DALYs of 3.4 million for RA,
compared to 4.8 million DALYs in GBD 2010, despite similar prevalence figures [50,51]. The GBD 2017 also showed an
increase in age-standardized incidence and prevalence rates (ASIR and ASPR) from 1990 to 2017, while age-
standardized DALY's declined [51]. The National and Subnational Burden of Diseases, Injuries, and Risk Factors (NAS-
BOD) study on the Iranian population documented that the rate of RA death increased from 1990 to 2015 (99.46 to 247.81
per 100,000 from 1990 to 2015, respectively) [52]. Our study aimed to examine the epidemiological data for RAin Iran
and at the subnational level. The absolute number of RA patients increased more than 29-fold by 2019 compared to 1990,
with a 12.9% rise in incidence rate. Additionally, the ASIR of RA increased by 7.6% in 2019 compared to 1990, confirming
the upward trend observed in previous studies.

Hormonal and sex-related factors are recognized as risk factors contributing to the sex imbalance in RA, with female
predisposition linked to the inflammatory effects of estrogen [53]. Our findings showed that females are more suscepti-
ble to developing RA than males. The age-standardized prevalence rate (ASPR) and age-standardized years lived with
disability (ASYR) both increased by 9.3% and 9.1%, respectively, with higher rates in females. The highest incidence rate
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was observed in those aged 35-39, with a decline in older age groups. Incidence, prevalence, and DALY's were higher in

females across all age groups, with the highest prevalence and DALY in the 55-64 age group. The GBD 2017 study also
reported higher age-standardized DALYs, ASIR, and ASPR in females compared to males, with the highest prevalence in

females aged 70-74 and males aged 75-79 [51].

The subnational analysis revealed that Tehran and Ilam provinces had the lowest and highest increases in ASIR,
ASPR, and ASYR from 1990 to 2019, respectively. According to the SDI, there were no significant differences in ASIR and
age-standardized death rates across SDI quintiles, with a mild increase in ASIR across all provinces between 1990 and
2019. Tehran had the highest ASIR and age-standardized death rate in both 1990 and 2019.

Several airborne noxious agents have been shown to play a role in the development of RA, and smoking has long
been considered a risk factor for the establishment of RA [54]. It was estimated that smoking is considered a 20—25% risk
for RA [55]. The age-standardized DALYs rate attributed to smoking has decreased by 4.1% between 1990 and 2019. In
2019, Tehran had the highest and Fars had the lowest age-standardized DALY's rate attributed to smoking. Prevention of
risk factors is an appropriate approach for the management of diseases. Therefore, controlling smoking and tobacco is
associated with the success of RA management [56,57]. Prior studies also showed a 28.4% and 34.4% decrease in the
ASPR of daily smoking from 1990 in males and females, respectively [58].

As another musculoskeletal disorder, LBP is a frequent complaint of people around the world in every age group, both
sexes, and in developed and developing countries. Almost everyone experiences at least one episode of LBP during their
lifetime, which can significantly impact their quality of life [59]. LBP imposes a high burden on patients, healthcare provid-
ers, and governments, with a high prevalence. In 2017, LBP was the leading cause of YLDs among chronic diseases [60].
LBP accounted for 7.4% of global YLDs and 2.5% of DALYs [37]. GBD 2019 reported a slight decline in the age-
standardized prevalence rate (ASPR), incidence rate (ASIR), and years lived with disability rate (ASYR) for LBP over
recent decades, though the absolute numbers of prevalent cases, incidents, and YLDs have significantly increased, likely
due to global lifestyle changes [61]. LBP remains the leading cause of YLDs worldwide, with rising burdens observed in
countries such as Zambia, Mali, and Canada [61].

Our study showed a 95% increase in the absolute number of LBP cases from 1990 to 2019. While LBP rates were
higher in males, the age-standardized incidence rate (ASIR) decreased more in males than in females. Decomposition
analysis revealed that, despite the increase in LBP cases, the ASIR declined in both sexes. This decline may reflect
improvements in workplace ergonomics, as occupational health policies and industrial safety regulations have evolved in
Iran over the past decades. Additionally, greater public awareness about proper posture, physical activity, and back health
may have encouraged earlier management of back discomfort, preventing progression to chronic LBP [62]. Males had
higher rates of incidence, prevalence, and YLDs in most age groups, except for those aged 5-14 and over 80 years. The
2017 and 2019 GBD studies found females to be more susceptible to LBP, likely due to menopausal changes and sex
hormones [61,63]. Besides, the ASPR and ASYR have decreased by 9.5% and 9.5%, respectively, from 1990 to 2019.

Regarding the age groups, the highest incidence, prevalence, and YLDs rate were observed in 75-79 years, which
showed an increasing pattern as well as an increase in age. GBD 2019 study also revealed that the incidence, preva-
lence, and YLDs rate are growing by age, with the greatest being in patients aged between 80 and 84 years. Additionally,
the absolute number of prevalent, incident, and YLDs were summiting 45—-54 years for both sexes [61]. Some factors were
recognized that are responsible for the age pattern of patients. Disc degeneration, a major risk factor for LBP, is strongly
correlated with aging [64,65]. Subnational analysis showed a decrease in ASIR, ASPR, and ASYR across all provinces,
with the greatest reduction in East Azarbayjan and the smallest in Tehran. Several recognized risk factors for LBP include
abdominal obesity, smoking, female gender, and physical workload [66]. Between 1990 and 2019, ASYR attributed to high
BMI increased, while those linked to smoking and occupational ergonomic factors decreased. In 2019, Mazandaran had
the highest and Qom the lowest ASYR attributed to occupational ergonomic factors, while Tehran and Mazandaran had
the highest ASYR attributed to smoking.
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4.1. Limitations and suggestions

This study faced some drawbacks. Like other GBD articles, data availability and uncertainty of data are major challenges.
The GBD data relies on modeling and estimation based on primary data, which can introduce uncertainty. Additionally,
due to the lack of strong registration systems at the subnational level, accurate and certain data may not be available for
every location. While the modeling approach aims to provide the most accurate estimates, the absence of robust primary
data at local levels limits the reliability of the findings in some regions. More primary data is needed to improve the accu-
racy of the epidemiological estimates and to better inform healthcare policies. Future research could focus on improving
data collection methods at the subnational level to address these gaps.

Another limitation is that the study primarily focused on OA, RA, and LBP, and further investigation into the distribution
of their subtypes could provide more detailed data, which would aid governments and health institutes in making more
informed decisions. Finally, we did not apply advanced data mining or predictive modeling approaches, such as clus-
tering or classification and regression trees, which could provide additional insights into patterns or future projections of
disease burden. These methods were not implemented because our study was based on finalized GBD estimates, which
follow a standardized modeling framework to ensure comparability across locations and over time. Future research using
primary data sources or raw GBD inputs could apply these methods to complement GBD findings and explore predictive
scenarios.

In terms of public health policy, several actions could be taken to reduce the burden of these MSDs. First, given the
significant role of obesity in the development of OA, RA, and LBP, public health interventions targeting BMI reduction
are crucial. Programs promoting weight management, healthier diets, and increased physical activity could have a
significant impact on the reduction of these conditions. Second, smoking has been identified as a key risk factor, and
public health initiatives focusing on smoking cessation are vital. These could include awareness campaigns, stricter
tobacco control measures, and smoking cessation programs. Lastly, to improve the accuracy of future research, it is
essential to enhance data collection at the subnational level. Strengthening health data registration systems would
ensure more reliable and region-specific data, which would be invaluable for better health policy planning and resource
allocation.

5. Conclusion

MSDs are among the disorders with a high burden in Iran, showing different geographical distribution. Our study found

an increase in the total number of LBP, RA, and OA cases, with a rise in the incidence of OA and RA, but not LBP. The
sex distribution of RA and OA shows a female predisposition, while males are more prone to developing LBP. The ASIR,
ASPR, and age-standardized YLDs of OA and RA have increased, while those of LBP have decreased. Increasing aware-
ness of the epidemiological data of RA, OA, and LBP, along with their geographical distribution, will provide better insights
for governments and health institutes to formulate more appropriate health policies, with a particular focus on addressing
the rising burden of RA and OA and strategies for reducing LBP prevalence.
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