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Abstract

Background and Aims: Multiple sclerosis (MS) is a crippling, chronic, gender‐related

disease that causes burdens to individuals and society. China has a considerable and

increasing population of MS. We aim to analyze the gender disparities in the burden

of MS in China and predict the trends.

Methods: The study was conducted based on the Global Burden of Disease Study

2019. Data on incidence, prevalence, deaths, and disability‐adjusted life years

(DALYs) of MS in China from 1990 to 2019 was descriptively analyzed by year,

gender, and age group. The Nordpred package in R (version 4.2.2) was used for age‐

period‐cohort analysis to predict the all‐ages numbers and age‐standardized rates of

incidence, prevalence, deaths, and DALYs in China from 2020 to 2044.

Results: The number of prevalent cases of MS in 2019 reached 18,143.56 (95%

uncertainty intervals [UI]: 13,997.71–22,658.60) in males and 24,427.11 (95% UI:

18,906.02–30,530.21) in females in China. The peak age of prevalence was shifted

from 40–44 years in 1990 to 45–49 years in 2019 in females but remained

unchanged in males. In contrast to the increased age‐standardized prevalence rate,

the age‐standardized death rate (ASDR) and age‐standardized DALYs rate showed

downward trends, which were more significant in females. Different from the global,

Chinese males showed lower prevalence but higher deaths and DALYs than females

for age‐standardized rates and numbers. In the next 25 years, the patient population

will remain large and peak around 44,599.78 in 2025–2029. The ASDR, age‐

standardized DALYs rate, and DALYs number were expected to decrease. The

improvements in deaths and DALYs will be more significant in females.

Conclusion: Males with MS had a lower prevalence but higher deaths and DALYs

than females in China. The ASDR and age‐standardized DALYs rate have reduced

over the past 30 years and were expected to continue decreasing, especially in

females. The burden of MS will remain notable in the next 25 years.
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1 | INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disorder of the

central nervous system characterized by inflammation, demyelina-

tion, axonal loss, and remyelination dysfunction.1,2 Autoimmune

inflammatory and neurodegeneration mechanisms are involved in

MS.3,4 Alterations in innate and adaptive immune responses and

intrinsic central nervous system immune cells contribute to

pathogenesis.3,4

MS is crippling and mainly affects young and moderately aged

adults,5 leading to productivity loss and disability.6 The long

duration of MS, difficulty in performing daily activities, and the

need for multidisciplinary treatment caused a great burden on

individuals, families, and society.7 The global population of MS

was estimated about 2.8 million in 2020, with a prevalence of

35.9 per 100,000 people.8 In the United States, the total annual

economic cost of MS was approximately $28 billion.6 The

morbidity of MS in China is lower than the global, with a

prevalence of 3.4 per 100,000 people among males and 6.3 per

100,000 people among females in eight provinces in China

mainland,8,9 7.02 per 100,000 in Taiwan and 4.8 per 100,000 in

Hong Kong.9 In China, the annual direct economic cost was

27,655.57 ± 29,204.25 Chinese Yuan per capita, and the annual

indirect cost was 11,299.85 ± 3169.54 Chinese Yuan, according

to a study involving 50 centers.7 In addition to the financial

burden caused by the long duration of the disease and high‐

priced medications, patients with MS may also be troubled by

limited healthcare levels.10 The physical and mental harm caused

by MS is remarkable.11

MS, although classified as a rare disease, is not rare but easily

underestimated in its impact. As the most populous country, China

has a considerable and growing number of MS patients.12,13 The

increase in patient population, average life expectancy, and the

demand for life quality increase the demand for medical

resources.11,14,15 It is essential to evaluate and predict the burden

due to MS and take active measures to improve healthcare in

related areas. Specifically, detailed descriptions and predictions of

epidemiological dynamics are needed to assist policymakers,

researchers, and healthcare professionals with better recommen-

dations and decisions. MS is related to acquired environmental

factors and genetic susceptibility. It is associated with the HLA‐

DRB1*1501 allele, Epstein‐Barr virus infection, smoking, obesity,

and low serum vitamin D.3,4,16,17 Gender is one of the most

important risk factors for MS, and gender differences in clinical

manifestations and progression have been studied.3,18–20 Gener-

ally, although females are more susceptible than males, males have

a worse prognosis.3,21 However, to our knowledge, there is a lack

of study focus on the burden disparities between genders in the

Chinese population. This study aimed to evaluate and predict the

burden of MS in China by gender and reflect the disparities, based

on data from the Global Burden of Disease Study 2019 (GBD

2019) for better healthcare.

2 | MATERIALS AND METHODS

2.1 | Data resource

The GBD 2019 is a public data set that estimates the epidemiological

burden of 369 diseases and injuries in 204 countries and regions in

terms of incidence, prevalence, deaths, disability‐adjusted life years

(DALYs), years of life lost (YLLs), and years lived with disability

(YLDs).22 The data can be downloaded from the Global Health Data

Exchange (GHDx) (https://vizhub.healthdata.org/gbd-results/).

Details on the methodology have been described in previous

studies.22 The incidence is calculated as the number of new cases

in a year divided by the mid‐year population, and the prevalence is

the total number of cases divided by the total population.23 The

mortality is cause‐specific and is computed by the number of deaths

due to a particular reason divided by the mid‐year population.23 The

YLLs correspond to the number of deaths multiplied by the standard

life expectancy at the age of death.10 YLDs are estimated as

the product of the prevalence of individual sequelae multiplied by the

corresponding disability weight.10 The disability weight quantifies the

severity of sequelae as a number from 0 to 1. 0 represents full health,

and 1 represents death.10 DALYs are the sum of YLLs and YLDs.24,25

All estimates are presented with 95% uncertainty intervals (UIs),

defined by the 25th and 975th values of the ordered 1000 values of

the posterior distribution.10,22

We extracted the data of the global and China regarding MS from

1990 to 2019 for both genders. “Prevalence,” “incidence,” “death,” and

“DALYs (disability‐adjusted life‐years)” were chosen for measures.

“China” and “global” were selected for the location, “number” and

“rate” for metrics, and “multiple sclerosis” for the cause. In addition, the

population estimates from 1990 to 2044 in China were obtained from

the GHDx for burden prediction (https://ghdx.healthdata.org/record/

ihme-data/gbd-2019-population-estimates-1950-2019; https://ghdx.

healthdata.org/record/ihme-data/global-population-forecasts-2017-

2100). Ethics approval and informed consent were not applicable due

to the public accessibility of the data.

2.2 | Statistical analysis

Descriptive analyses were performed by gender, age, and year. The

age trends in number and rate of prevalence, deaths, and DALYs

were analyzed by 5‐year age groups. The age groups above 80 years

were combined. The overall disease burdens are expressed as all‐ages

numbers and age‐standardized rates. Moreover, we predicted the

burden due to MS from 2020 to 2044 by age‐period‐cohort analysis

using the Nordpred package in R, which has been recognized for

trend prediction in previous studies.26–28 We estimated the numbers

and age‐standardized rates of incidence, prevalence, deaths, and

DALYs by sex per 5‐year period. The change in rates, population size,

and age structure were taken into account in this model. The

Nordpred age‐period‐cohort analysis is defined as follows:
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       R A D p P Cap a p c
5

In this formula, the Rap is the ratio for the age group a in the

period p. Aa corresponds to the age component for group

a. D represents the common linear drift parameter in the

observed period and birth cohort. Pp is the nonlinear component

for the period p. Cc represents the nonlinear component of

cohort c.28 The power‐5 link function was used to level off

growth. The all‐ages numbers were calculated by applying the

predicted rates to the national population forecasts. All statistical

analyses were performed by open‐access statistical software R

(version 4.2.2).

3 | RESULTS

3.1 | The burden due to MS in China in 2019

For males, the MS‐related age‐standardized incidence rate (ASIR) was

0.16 (95% UI: 0.13–0.19) per 100,000 population, the age‐

standardized prevalence rate (ASPR) was 1.96 (95% UI: 1.51–2.46)

per 100,000 population, the age‐standardized death rate (ASDR) was

0.10 (95% UI: 0.07–0.15) per 100,000 population, and the age‐

standardized DALYs rate of MS was 3.80 (95% UI: 2.83–5.38) per

100,000 population in 2019 (Supporting Information S1: Table 1). For

females, the ASIR was 0.18 (95% UI: 0.15–0.22) per 100,000

population, the ASPR reached 2.68 (95% UI: 2.06–3.38) per

100,000 population, the ASDR was 0.08 (95% UI: 0.06–0.11), and

the age‐standardized DALYs rate of MS was 3.60 (95% UI:

2.73–4.66) per 100,000 population (Supporting Information S1:

Table 1).

Because of the large population base, the number of patients

is appalling. The number of prevalent cases in 2019 reached

42,570.67 (95% UI: 33,001.21–53,329.09), with 18,143.56 (95%

UI: 13,997.71–22,658.60) males and 24,427.11 (95% UI:

18,906.02–30,530.21) females (Supporting Information S1:

Table 1). The numbers of deaths and DALYs were higher in men.

The age patterns of Chinese MS patients were analyzed. The

prevalence began its upward trend from the 15–19 age group and

peaked at the 45–49 age group, with a following downward trend

for both males and females (Figure 1A). The rates were higher

among females than males in all age groups (Figure 2A). The death

rate in males increased with age and surged once over 75 years

(Figure 1B). For females, the death rate gradually increased from

the 15–19 age group to the 55–59 age group, after which it

decreased from the 60–64 age group to the 75–79 age group and

then rose in the 80+ group (Figure 1B). The DALYs rate was the

highest in the 55–59 age group for both males and females

(Figure 1C). The mortality and DALYs rate were higher among

females aged from 15 to 39 but higher among males over the age of

40 (Figure 2C,E). The highest prevalent cases, deaths, and DALYs

number occurred in the age group of 50–54 (Figure 2B,D,F).

3.2 | Trends in MS incidence, prevalence, deaths,
and DALYs over time

During the studied period, the ASIR was relatively stable for both

genders (Figure 3A), whereas the ASPR increased (Figure 3C). The

change rate of ASPR was 0.20 (95% UI: 0.18–0.23) and 0.25 (95% UI:

0.21–0.28) in males and females, respectively. The age peak of

prevalence in women has shifted from 40‐44 in 1990 to 45–49 in

2019 but remained unchanged in men (Figure 1A). The ASDR and

age‐standardized DALYs rate showed downward trends, which were

more significant in females (Figure 3E,G). The rate of change of ASDR

from 1990 to 2019 was −0.22 (95% UI: −0.52 to 0.31) in males and

−0.35 (95% UI: −0.63 to 0.06) in females. The change rate of the age‐

standardized DALYs rate was −0.20 (95% UI: −0.48 to 0.29) in males

and −0.30 (95% UI: −0.58 to 0.10) in females.

An assessment of the time trend shows an overall upward

trend in the total number of incident cases, prevalent cases,

deaths, and DALYs from 1990 to 2109 (Figure 3B,D,F,H),

suggesting an increased burden of MS. The age peak of prevalent

cases shifted from 35–39 years old to 50–54 years old from 1990

to 2019 for both genders. The age peak of the DALYs numbers

also shifted backward.

The female‐to‐male ratios (FMRs) of ASIR, ASDR, and age‐

standardized DALYs rate showed downward trends (Figure 4). The ratio

of ASIR was 1.27 and 1.13 in 1990 and 2019, respectively. The FMRs of

ASDR and age‐standardized DALYs rate showed similar characteristics

and trends. They showed a fluctuating upward trend from 1990 to 1999

but a significant downward trend from 2000 to 2019 (Figure 4C,D). The

FMR of ASDR was 0.98 in 1990, reached 1.02 in 1999, and dropped to

0.81 in 2019. The FMR of the age‐standardized DALYs rate was 1.09 in

1990, 1.20 in 1999, and 0.95 in 2019. The FMR of ASPR increased from

1.32 in 1990 to 1.37 in 2019. It mostly remained stable from 1990 to

2014 and increased since 2015 (Figure 4B).

3.3 | The predicted burden of MS in China

In the next 25 years, despite the predicted ASIR being stable, the

number of new cases for both genders is expected to increase slowly

(Figure 3A,B). The trend lines of the number of new cases for males

and females approach and become nearly equal in 2035. The

predicted ASPR among females gradually increases, reaching 2.72

per 100,000 population in the time frame of 2025–2029, then

decreases to 2.62 per 100,000 population in 2040–2044. Among

males, it is expected to reach 2.04 per 100,000 population in

2030–2034 and decline to 2.02 per 100,000 population in

2040–2044 (Figure 3C). The population of MS will continue to

increase and peak around 44,599.78 in 2025–2029 (Figure 3D,

Table 1). The projection of the ASDR shows a slow and slight

downward trend in both sexes. The ASDR is expected to drop to 0.07

per 100,000 population among females and 0.09 per 100,000

population among males in 2040–2044 (Figure 3E). During the
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projection period, the number of deaths is relatively stable among

females but shows an upward trend among males (Figure 3F). The

total death number could reach 1860.80 by 2044. The age‐

standardized DALYs rate significantly decreases during the 25‐year

projection period, especially among females. The rate declined from

3.28 to 2.92 per 100,000 population among females and from 3.64 to

3.44 per 100,000 population among males (Figure 3G). The number

of DALYs is expected to continue to decline in China, especially

among females (Figure 3H), largely due to a series of therapeutic

progress. Although we are pleased to see a downward trend in

DALYs, the large total number still reflects a heavy burden caused

by MS.

4 | DISCUSSION

This study reveals the burden of MS in China from 1990 to 2019 by

year, age, and gender, contributing to a better understanding of the

epidemiological changes of MS. Compared with the global, China had

lower prevalence, mortality, and DALYs rate. We found that males

and females have similar age patterns in prevalence and DALYs rate

but different patterns in death rate. The age peak of prevalence in

women was shifted from 1990 to 2019 for both rates and numbers.

The age peak of prevalent cases in men also shifted backwards. The

aging trend of MS patients sends an encouraging signal that the

population growth of MS has slowed down. Consistent with previous

F IGURE 1 Age trends of (A) prevalence, (B) deaths, and (C) disability‐adjusted life years (DALYs) rates of multiple sclerosis (MS) in China in
1990, 2000, 2010, and 2019.
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F IGURE 2 Rates and numbers of (A, B) prevalence, (C, D) deaths, and (E, F) disability‐adjusted life years (DALYs) by age group and sex in
1990 and 2019.
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research, ASDR and age‐standardized DALYs rate of MS in China

showed downward trends,13 while the ASPR shows an upward trend.

Besides, the improvement in ASDR and age‐standardized DALYs rate

was more significant in females. The improvement in medical

treatment contributes to earlier and more accurate diagnosis.

Economic and medical development, better medical insurance policies,

an improved social security system, and enhanced health conscious-

ness played a positive role. Although the burden is projected to remain

large over the next 25 years, the age‐standardized rates of death and

DALYs are expected to decline. The improvements in deaths and

DALYs in females will be more notable.

Although MS is at a low level of prevalence in China, there is a

large number of patients due to the huge population base, leading to

high disability and economic burden. China places a high premium on

the prevention, control, and insurance of rare diseases and has

introduced many policies to improve treatment ability and protect

patients. The progress in MS management has been proven.

However, it is worth noting that there was an overall upward trend

in numbers of incidence, prevalence, deaths, and DALYs, and over

40,000 people are expected to suffer from MS in the next 25 years.

The huge population of patients deserves ample attention.

MS is closely related to gender. The gender differences in the

disease courses, severity, and prognosis of MS have been documen-

ted and may be associated with intrinsic CNS differences and genetic,

epigenetic, environmental, immunological, and hormonal factors.18,29

According to available research, relapsing‐remitting and secondary

progressive MS is more prevalent in women,29 while men with MS

are more likely to develop primary progressive MS.18 Females have a

higher risk of relapse than males, while males have worse outcomes

and faster progression.21,30 Males with MS are predisposed to

pyramidal, brainstem, and cerebellar relapses, while females present

with more frequent visual and sensory relapses.19 The higher risk of

incomplete recovery in pyramidal and cerebellar relapses than visual

and sensory relapses may be related to more severe long‐term

disability and sex differences in the outcome.19,20 In addition, the

male gender is a risk factor associated with the progression from

radiologically isolated syndrome to symptomatic MS and from

relapsing‐remitting to crippling secondary progressive MS.31 There

F IGURE 3 Time trends of all‐ages numbers and age‐standardized rates of multiple sclerosis (MS) in China by sex from 1990 to 2019, and
predicted burden from 1990 to 2044: (A, B) incidence, (C, D) prevalence, (E, F) deaths, and (G, H) disability‐adjusted life years (DALYs).
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is a faster disability progression in males and a shorter time to the

landmarks of irreversible disability.32,33 There are also gender

differences in medication responses and side effects. In the

secondary progressive MS cohort, females benefit more significantly

than males on disease progression from interferon beta treatment.34

Transaminase abnormalities are reported to be more common in

males, and infectious episodes are more common in females in adult

patients after the first year of fingolimod treatment for relaps-

ing MS.35

However, to our knowledge, there is a lack of research

discussing the gender disparities in the disease burden. Our findings

provided epidemiological evidence on the burden difference of MS

between males and females. Globally, males had lower morbidity,

mortality, and DALYs of MS than females.14 In this study, although

Chinese males had lower ASIR and ASPR than females, they had

higher ASDR and age‐standardized DALYs rate. The numbers of

deaths and DALYs were also higher in males than females. However,

this conclusion should be prudently considered when extrapolated

to individuals and a single center due to the possibility of ecological

fallacy. The strong effects of gender on the morbidity, activity,

progression, and disease burden of MS suggest that sex‐specific

treatments are needed for efficacy optimization. However, the

current research is insufficient to demonstrate the gender differ-

ence in treatment responses and to guide clinical decisions. The sex‐

based basic and clinical studies could help with a better under-

standing of MS and the mechanism of gender difference. Large‐

scale studies on gender differences in treatment responses are

needed to pave the way for developing sex‐specific personalized

treatments. In addition, pregnancy, menstrual cycle, and menopause

have important impacts on MS disease activity. The relapse rates of

MS decrease during pregnancy but increase in the first 3 months

after delivery.36 Women with MS may experience worsening

symptoms before menstruation.18 Worsening of MS symptoms

and greater disability are reported at menopause.37 The combina-

tion of high‐dose estroprogestins and interferon beta has a superior

effect compared to single interferon treatment on cognition but

F IGURE 3 (Continued).
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showed worsened sexual function.38 Testosterone treatment has

also been demonstrated to have neuroprotective effects and can

improve cognitive performance and reverse gray matter atrophy in

patients with relapsing‐remitting MS.39,40 Accordingly, sex hormone

therapy could be considered a supplementary therapy in subsets of

MS patients, while the effect on sexual function should be fully

considered.41

Other measures may be helpful to further improve the

management of MS in China. First, strengthening standardized

medical education will ensure and improve the level of diagnosis

and treatment of MS. Second, regular guidance from tertiary

hospitals could help grassroots hospitals improve their treatment

level. The disparity in the level of medical care between developed

and developing regions may hinder the early diagnosis and systematic

treatment of MS in the latter. We should strive to promote medical

resource equalization, satisfy the demand for nearby medical

services, and reduce the financial and time burden on patients. Third,

dual referral between tertiary and grassroots hospitals could ensure

comprehensive and proper management throughout the whole

F IGURE 4 The female‐to‐male ratios of (A) age‐standardized incidence rate (ASIR), (B) age‐standardized prevalence rate (ASPR), (C) age‐
standardized death rate (ASDR), and (D) age‐standardized disability‐adjusted life years (DALYs) rate from 1990 to 2019 in global and China.

TABLE 1 Average annual numbers of incidence, prevalence,
deaths, and disability‐adjusted life years (DALYs) of multiple sclerosis
(MS) in China from 1990 to 2044.

Year Incidence Prevalence Deaths DALYs

1990–1994 2068.12 22,614.66 1282.31 55,343.17

1995–1999 2221.35 25,256.54 1485.82 65,086.43

2000–2004 2367.65 28,106.64 1521.63 64,800.10

2005–2009 2505.22 31,021.97 1530.80 63,687.94

2010–2014 2725.23 35,512.13 1619.60 66,162.74

2015–2019 2943.47 41,315.86 1728.79 69,415.69

2020–2024 3051.64a 43,541.29a 1781.58a 68,360.03a

2025–2029 3142.26a 44,599.78a 1813.37a 66,667.91a

2030–2034 3226.24a 44,517.04a 1831.41a 64,421.31a

2035–2039 3280.66a 43,409.37a 1849.80a 62,141.49a

2040–2044 3278.91a 41,825.30a 1860.80a 59,726.62a

aPredicted numbers.
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process. The case registration system could help to study the overall

status of the disease, provide a scientific basis for developing

intervention strategies, improve medical services, and adjust medical

insurance policies. We also recommend the establishment of multi-

disciplinary treatment centers, including ophthalmology, neurology,

imaging, and rehabilitation departments, to reduce the inconvenience

of visiting different departments. Although siponimod, teriflunomide,

fingolimod hydrochloride, and fampridine have been covered by

national medical insurance in China, the relatively high prices and

limited availability of the drugs prevent them from meeting the

patients' needs. More studies should be carried out for new

medication for MS to address this problem. Increased public spending

on healthcare will expand medical insurance coverage and reduce

patients' economic burden.

The major limitation of this study is the unavailability of the

original surveillance data. Data accuracy, processing, and modeling

should be optimized to improve the accuracy of the estimates. The

ecological fallacy may occur and affect the conclusion extrapolation

to individuals.

5 | CONCLUSIONS

In conclusion, Chinese males with MS had a lower prevalence but

higher deaths and DALYs than females. The age patterns of MS were

similar in prevalence and DALYs rate between genders but different

in mortality. The ASDR and age‐standardized DALYs rate have

reduced over the past 30 years and were predicted to continue

decreasing in the next 25 years, especially in females. The burden of

MS in China will remain large in the foreseeable future. The gender

differences in the natural history of MS and medication responses are

worthy of exploring to guide gender‐specific management and the

application of sex hormones. Further improvements are needed in

policies, medical level, and scientific research.
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