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Background: The global prevalence of aging individuals with multiple sclerosis (MS) is increasing. This study aimed to assess the burden and trends of overall and smoking-attributable MS in older adults aged 65–89 years at the global, regional, and national levels.

Methods: The number and rates of years of life lived with disability (YLD) and years of life lost (YLL) due to MS for older adults in 204 countries and territories from 1990 to 2019 were retrieved from the Global Burden of Disease (GBD) Study 2019. Estimated annual percentage change (EAPC) in the age-standardized YLD and YLL rates were calculated to quantify the temporal trends. The Bayesian age-period-cohort model was used to predict the trends from 2020 to 2040.

Results: In 2019, there were an estimated 80,040 (95% uncertainty interval 57,534 to 103,608) YLD and 139,132 (107,632 to 161,172) YLL caused by MS among older adults globally. The age-standardized YLD and YLL rates decreased by an average of −0.21% (95% CI –0.26 to −0.16) and − 0.2% (95% CI –0.26 to −0.14) per year for overall MS from 1990 to 2019, respectively. The number of YLL globally in 2019 was 7,891 (5,003 to 10,991) and 15,667 (10,833 to 20,076) due to smoking-attributable MS. The age-standardized YLD and YLL rates decreased by an annual average of −1.14% (95% CI –1.25 to −1.04) and − 1.15% (95% CI –1.27 to −1.03) for MS attributable to smoking. Although the global age-standardized rates of YLD and YLL for MS among older adults declined from 1990 to 2019, many regions showed increases. The largest increase in age-standardized YLD rate of MS was observed in East Asia (average annual change 1.62% [95% CI: 1.56 to 1.68]), while the largest increase in the age-standardized YLL rate occurred in High-income North America (1.74% [1.53 to 1.96]). Nationally, the age-standardized YLD and YLL rates for overall and smoking-attributable MS increased exponentially with increases in SDI level (all model p < 0.001). Furthermore, projections have also indicated an expected decrease in the age-standardized rates of YLD and YLL of MS in the elderly population from 2020 to 2040.

Conclusion: Tracking trends in MS burden among older adults provides insights into the potential shifts in disease patterns over time. The findings lay the groundwork for informed decision-making in public health and healthcare delivery, aiming to ensure that older adults with MS receive appropriate care and support.

Keywords
 multiple sclerosis; global burden of disease; age-standardized rate; estimated annual percentage change; older adults; smoking


1 Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating and neurodegenerative disorder of the human central nervous system, which can cause a wide range of symptoms over the course of disease and its severity vary depending on the location of affected nerve fibers (1). Owing to earlier and more accurate diagnosis, as well as increased life expectancy or improved survival, the global prevalence of MS has been well-documented to have increased in the last few decades (2, 3). Global estimates indicate that there were approximately 2.2 million prevalent MS cases in 2016, which rose to 2.8 million in 2020 (2, 3). Numerous studies have also highlighted significant disparities in MS prevalence based on geographical region, race, ethnicity, age, and sex (2, 3). The estimated prevalence of MS ranges from 2 per 100,000 person in Asia to approximately 100 per 100,000 individuals in Western countries (4). Usually, white individuals of European descent and females typically have a higher risk of developing MS. However, the incidence of MS has recently been on the rise among the black population in the USA, particularly in black women, which suggests that both environmental and genetic factors have undergone changes (5).

MS mainly affects young adults aged 20–40 years and is characterized by chronic progression and increasing disability over time (6, 7). Disability progression may not be clinically apparent until decades later, despite neurodegenerative processes start at disease onset. Advancements in disease-modifying therapies (DMTs) greatly alleviate the progression of disease to disability among patients with multiple sclerosis (8). However, the average age of MS onset is increasing, with approximately 9–25% of all MS patients being older than 65 years (9, 10). Age is strongly associated with the clinical course of MS, and those with later-onset disease face a more rapid development of permanent disability (11). Aging is also associated with increased risks of side-effects caused by some MS therapies. Increasing large-scale cohort studies have reported a decline in the efficacy of disease-modifying therapies with advancing age (12). Nevertheless, the safety and efficacy of disease-modifying therapies in the elderly population are understudied, and consequently, very little is known (13). Therefore, managing elder population with MS presents unique challenges related to age-related and disease-related comorbidities, as well as the disease itself (9).

Population aging is most pronounced in developed countries. At the same time, regions with a high Socio-demographic Index (SDI) often experience a greater burden of Multiple Sclerosis (MS) (14). Additionally, this age group often transitions from being net contributors to the economy to net recipients of social security and pension benefits. Despite two convincing longitudinal population-based studies in Northern Europe reporting increased survival rates among MS patients over the past 60 years (15, 16), MS patients still have a life expectancy that is 7 years shorter and a mortality rate almost three times higher than the general population (16). Additionally, a nested case–control study from a large cohort study conducted in the USA revealed higher mortality rate and comorbidities in MS patients compared to matched controls without MS (17). As the average age of the MS population increases, the physiological effects of aging, along with the pathological and immunological changes linked to aging and disease progression, it is essential to fully comprehend the burden of MS among older adults, which is essential for planning and allocating healthcare resources efficiently and inform interventions to enhance their well-being (18).

Smoking is recognized as a major environmental risk factor for MS, influencing both the disease’s onset and progression (19). This association is thought to arise from smoking-induced inflammation and immune system modulation (20). MS patients who smoke may have a reduced therapeutic response, resulting in worse clinical outcomes (21). Smoking prevalence among older adults is generally lower than in younger age groups, but it remains a significant public health concern (22). For example, in 2018, about 11.2% of adults aged 65 and older in the United States were current smokers (23), and in China, there were more than 38 million older smokers (24). While MS mainly affects women, men generally have higher smoking rates than women. Furthermore, in a Swedish cohort of newly diagnosed MS cases, nearly 60% of the patients were smokers, highlighting smoking as a significant factor influencing patient outcomes (25). Therefore, it is important to investigate the proportion of the MS burden attributable to smoking worldwide. The Global Burden of Disease (GBD) study systematically measures the incidence, prevalence, mortality, and resulting health loss caused by diseases and injuries (26). This study utilized the GBD study 2019 data to provide global, regional, and national-level estimates of MS burden among older adults aged 65–89 years and its temporal trends between 1990 and 2019, while considering variations in region, time, gender, and the socio-demographic index (SDI).



2 Methods


2.1 Data source and data collection

The GBD study, a multinational collaborative research study led by the Institute for Health Metrics and Evaluation (IHME), aims to identify, compile and standardize health loss caused by diseases, injuries, and risk factors across different age groups, sexes, and geographic regions at specific points in time. The GBD study 2019 provides insights into the age-specific and sex-specific estimates of incidence, prevalence, mortality, Years of life lost (YLL), Years lived with disability (YLD), and Disability-adjusted Life Years (DALYs) for 369 diseases and injuries and 87 risk factors in 204 countries and territories (26). DALYs are a measure that combines the years of potential life lost due to premature death (YLL) and the years of productive life lost due to disability (YLD) when compared to a standardized life expectancy. This measure enables a comprehensive assessment of disease burden, capturing the cumulative number of years lost to ill-health, disability, or premature death. Detailed information about the GBD study protocol can be accessed online.1 In this cross-sectional study, we collected annual estimates of SDI-, region-, country-, and age-specific numbers and crude rates of YLL and YLD for MS from the GBD Study 2019 using the Global Health Data Exchange (GHDx) query tool.2 The study included individuals aged 65–89 years with MS across 204 countries from 1990 to 2019, dividing the population into five-year age brackets: 65–69, 70–74, 75–79, 80–84, and 85–89 years. This dataset included information on YLL and YLD of MS among older adults aged 65–89 years as well as smoking-attributable MS burden in this population.

In the GBD study, the diagnosis of MS is based on the McDonald criteria (27) and is identified by the International Classification of Diseases 10th revision (ICD-10) code G35.0. For the GBD study 2019, the data underpinning estimates of burden due to MS are generally of two types. The first are representative, population-based, cross-sectional or longitudinal studies reported in peer-reviewed journals and identified via a search-string-based review. The second type are claims data as obtained and processed by the GBD Clinical Informatics team. A pre-modelling bias adjustment was then made to data from USA claims in the year 2000—a dataset that only covers a small commercially insured sub-population. This adjustment was modelled as difference in logit prevalence between USA claims data and reference data matched on year, age, sex and location. The estimated mean logit differences were applied to the USA claims data for 2000 prior to modelling in DisMod-MR 2.1 (26). Moreover, smoking (defined as any previous or current tobacco smoking) attributable MS burden was estimated in the GBD study (26).

Furthermore, GBD study researchers have also developed the SDI as a composite indicator of development status. The SDI consists of three key metrics: the total fertility rate under the age of 25, the mean education for those ages 15 and older, and the lag distributed income per capita. These metrics offer insights into the social and economic conditions within a region or country, which are strongly correlated with health outcomes. Based on the SDI quintiles, which is calculated as the geometric mean ranging from 0 to 1, regions and countries are categorized into five quintiles: low, low-middle, middle, high-middle, and high. This categorization enables a better understanding of the development status and potential disparities across different areas.



2.2 Years of life lost and years lived with disability

YLL is a valuable measure for public health surveillance, particularly for quantifying the level and trends of premature mortality, identification of leading causes of premature deaths and monitoring the progress of YLL as a key indicator of population health (28). YLL due to premature mortality, as developed by the GBD study, overcomes the issue related to the arbitrary selection of age threshold by basing its metrics on time lost rather than number of deaths, and calculating time lost based on the potential maximum life span of an individual at each age. YLL is being systematically estimated by the GBD study to support public health planning and guide public health policy and programs at global, national and subnational levels (26). Years lived with disability (YLD) reflect the burden of non-fatal health loss, which is estimated through the number of prevalence cases multiplied by the corresponding disability weights (the severity of health loss associated with a health state that is developed through surveys of the general public) for that condition (29). The sum of YLL and YLD equals the disability-adjusted life years (DALYs).



2.3 Statistical analysis

In this study, the age-standardized rate (ASR) and the estimated annual percentage change (EAPC) in ASR were employed to measure the distribution and trends in disease burden of MS among older adults (30). These measures provide a standardized assessment of the disease burden across different locations. Standardization is necessary when comparing multiple populations with varying age structures or when examining changes within a single population over time, as age profiles fluctuate accordingly. The ASR (per 100,000) was calculated using the following formula, where [image: image] denotes the age-specific rate in the [image: image] age subgroup and [image: image] represents the number of individuals in the same age class of the selected reference standard population.

[image: image]

Moreover, EAPC was widely applied to quantify and summarize the temporal trend of ASR (31). A regression line was fitted to the natural logarithm of the rates, denoted as[image: image], where [image: image], and [image: image]. The EAPC was calculated as [image: image], and the corresponding 95% confidence interval (CI) could be obtained from the linear regression model. If both the EAPC value and the lower limits of its 95% CI were greater than 0, the ASR was considered to exhibit an increasing trend; conversely, if both were less than 0, a decreasing trend was observed. Moreover, Pearson correlation analysis was conducted to assess the association between ASRs and SDI level, as well as EAPC of ASRs and SDI level.

Furthermore, the age-standardized YLD and YLL rates of MS among older adults from 2020 to 2040 were projected by used the Bayesian age-period-cohort (BAPC) model integrating nested Laplace approximations (32). Standard Populations data came from the World Standards database,3 and population forecast data was collected from the GBD Study 2019 Global Fertility, Mortality, Migration, and Population Forecasts 2017–2,100 (33). The BAPC model is a method for analyzing and predicting trends in disease burden by applying Bayesian formulas to calculate hypothetical probability distributions based on 3 factors: age, period, and cohort and combining a priori and sample information to derive posterior information. In the BAPC model, the prior probability distribution of time period and birth cohort effects served as prior information, while the effects of age, period, and cohort were estimated through a random walk of varying orders (32). Compared with methods that estimate the overall parameters from sample statistics only, BAPC is more flexible in the choice of parameters and prior probability distributions, and the predictions are more robust and reliable (34).

All statistics Data analysis was conducted using R software, version 4.1.0 (R Foundation for Statistical Computing). A two-tail p value <0.05 was considered statistically significant.




3 Results


3.1 Global overall and smoking-attributable burden of MS among older adults

In 2019, the number of YLD due to MS among older adults aged 65–89 years worldwide was 80,040 (95% UI: 57,534 to 103,608), with an age-standardized rate of 11.43 YLD (95% UI: 11.36 to 11.51) per 100,000 population (Table 1). The age-standardized YLD rate of MS decreased by an average of −0.21% (95% CI –0.26 to −0.16) per year globally between 1990 and 2019 (Figure 1A). Globally, an estimated 139,132 (95% UI: 107,632 to 161,172) YLL caused by MS were reported in 2019, with an age-standardized rate of 19.95 YLL (95% UI: 19.85 to 20.05) per 100,000 population. The age-standardized YLL rate of MS tends to trend downward, with an average change of −0.2% (95% CI: −0.26 to −0.14) per year globally (Figure 1B).



TABLE 1 The YLD and YLL of multiple sclerosis in older adults aged 65–89 years in 2019.
[image: Table1]
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FIGURE 1
 Estimated annual percentage change (EAPC) of age-standardized YLD and YLL rates for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years by location, 1990–2019. (A) EAPC of age-standardized YLD rate for MS. (B) EAPC of age-standardized YLL rate for MS. (C) EAPC of age-standardized YLD rate for MS attributable to smoking. (D) EAPC of age-standardized YLL rate for MS attributable to smoking. YLD, years of life lived with disability; YLL, years of life lost.


Globally, the number of YLD due to MS attributable to smoking reported among older adults aged 65–89 years in 2019 was 7,891 (95% UI: 5,003 to 10,991), with an age-standardized rate of 1.13 YLD (95% UI: 1.11 to 1.15) per 100,000 population (Table 2). The age-standardized rate of YLD decreased by an average of −1.14% (95% CI: −1.25 to −1.04) annually from 1990 to 2019 (Figure 1C). The number of YLL for smoking-attributable MS globally was 15,667 (95% UI: 10,833 to 20,076) in 2019, with an age-standardized rate of 2.25 DALYs (95% UI: 2.22 to 2.29) per 100,000. The age-standardized rate of YLL due to smoking-attributable MS decreased by an annual average of −1.15% (95% CI: −1.27 to −1.03) globally from 1990 to 2019 (Figure 1D).



TABLE 2 The YLD and YLL of multiple sclerosis attributable to smoking in older adults aged 65–89 years in 2019.
[image: Table2]



3.2 Regional level overall and smoking-attributable burden of MS among older adults

In term of GBD regions, the High-income North America and Western Europe had the largest burden of overall and smoking-attributable MS among older adults in 2019 (Tables 1, 2). Between 1990 and 2019, the largest increases in age-standardized YLD rate of MS occurred in East Asia (average annual change 1.62% [95% CI: 1.56 to 1.68]), Australasia (1.42% [1.09 to 1.76]), and Andean Latin America (1.38% [1.09 to 1.76]; Figure 1A). In the same period, the largest increases in age-standardized YLL rate were found in High-income North America (1.74% [1.53 to 1.96]), and Central Latin America (1.41% [1.26 to 1.56]; Figure 1B). From 1990 to 2019, East Asia (1.12% [1.01 to 1.23]) and Central Asia (0.88% [0.79 to 0.97]) had the greatest increase in age-standardized rates of YLD and YLL for smoking-attributable MS among the elderly adults, respectively (Figures 1C,D).



3.3 National level overall and smoking-attributable burden of MS among older adults

At the national level, Sweden had the largest age-standardized YLD rate for overall and smoking-attributable MS among older adults aged 65–89 years in 2019 (Figures 2A,B). The highest age-standardized YLL rate for both overall and smoking-attributable MS were found in United Kingdom and Denmark (Figures 2C,D). From 1990 to 2019, Taiwan (Province of China) and Lebanon had the fastest increase in age-standardized YLD rate of overall and smoking-attributable MS, respectively (Figures 3A,B). Additionally, the largest increase in age-standardized YLL rate for both overall and smoking-attributable MS was observed in Georgia (Figures 3C,D).

[image: Figure 2]

FIGURE 2
 Estimated age-standardized rates of YLD and YLL for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years from 1990 to 2019, by country. (A) Age-standardized YLD rate of MS; (B) Age-standardized YLD rate of smoking-attributable MS; (C) Age-standardized YLL rate of MS; (D) Age-standardized YLL rate of smoking-attributable MS. YLD, years of life lived with disability; YLL, years of life lost.


[image: Figure 3]

FIGURE 3
 Estimated annual percentage change (EAPC) of the age-standardized rates of YLD and YLL for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years from 1990 to 2019, by country. (A) EAPC of age-standardized YLD rate for MS; (B) EAPC of age-standardized YLD rate for MS attributable to smoking; (C) EAPC of age-standardized YLL rate for MS; (D) EAPC of age-standardized YLL rate for MS attributable to smoking. YLD, years of life lived with disability; YLL, years of life lost.


Our results show the national level age-standardized YLD and YLL rates of both overall and smoking-attributable MS among older adults aged 65–89 years increased exponentially with increases in SDI level (all model p < 0.001; Figure 4). However, the correlations between the 2019 SDI level and the EAPC of the age-standardized rates of YLD and YLL for overall and smoking-attributable multiple sclerosis from 1990 to 2019 were not significant (Supplementary Figure S1).

[image: Figure 4]

FIGURE 4
 Estimated age-standardized rates of YLD and YLL for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years in 2019 versus the 2019 SDI level. (A) Age-standardized YLD rate of MS versus the 2019 SDI level; (B) Age-standardized YLD rate of smoking-attributable MS versus the 2019 SDI level; (C) Age-standardized YLL rate of MS versus the 2019 SDI level; (D) Age-standardized YLL rate of smoking-attributable MS versus the 2019 SDI level. YLD, years of life lived with disability; YLL, years of life lost; SDI, socio-demographic index.




3.4 Overall and smoking-attributable burden of MS among older adults by SDI quintile

In 2019, the highest number and age-standardized rates of YLD and YLL for overall and smoking-attributable MS among older adults were seen in the high SDI quintile (Tables 1, 2). From 1990 to 2019, the age-standardized YLD rate for MS increased across all 5 SDI quintiles with the middle SDI region experienced the fastest increase (EAPC =0.75, 95% CI: 0.69 to 0.8; Figure 1A). However, the high SDI quintile experienced the largest increase in the age-standardized YLL rate for MS among older adults (EAPC =0.55, 95% CI: 0.5 to 0.61; Figure 1B). For smoking-attributable MS burden in the elderly population by SDI quintile, the fastest reductions of age-standardized rates of YLD and YLL were observed in the high SDI quintile (EAPC = −0.73, 95% CI: −0.86 to −0.6) and the high-middle SDI quintile (EAPC = −1.56, 95% CI: −1.63 to −1.49), respectively, between 1990 and 2019 (Figures 1C,D). Conversely, regions with low SDI level showed an increased trend in the age-standardized YLD rate and the lowest decrease in age-standardized YLL rate for MS attributable to smoking. Moreover, the percent contribution of YLDs in DALYs of both overall and smoking-attributable MS among older adults increased across SDI quintiles except for the high SDI quintile (Supplementary Figure S2).



3.5 Sex difference of overall and smoking-attributable burden of MS among older adults

From 1990 to 2019, the absolute number and age-standardized rate of YLD for MS in the elderly population were generally higher among females than males worldwide and across 5 SDI quintiles (Figure 5). The number of YLL due to MS was similar between females and males in all SDI quintiles, except for the high SDI quintile where it was higher in females (Figure 6A). Additionally, females had significantly higher age-standardized YLL rate of MS than males in the high, low-middle, and low SDI regions. However, the age-standardized YLL rate of MS was higher in males than females in the middle SDI quintile (Figure 6B).

[image: Figure 5]

FIGURE 5
 Temporal patterns of YLD caused by multiple sclerosis in older adults aged 65–89 years worldwide and in 5 SDI quintiles, 1990–2019. (A) The number of YLD; (B) Age-standardized YLD rate (per 100,000). YLD, years of life lived with disability; SDI, socio-demographic index.
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FIGURE 6
 Temporal patterns of YLL caused by multiple sclerosis in older adults aged 65–89 years worldwide and in 5 SDI quintiles, 1990–2019. (A) The number of YLL; (B) Age-standardized YLL rate (per 100,000). YLL, years of life lost; SDI, socio-demographic index.


Globally, the absolute number and age-standardized rate of YLD for smoking-attributable MS in the elderly population were similar between females and males (Supplementary Figure S3). However, males had significantly larger number and age-standardized rate of YLD for smoking-attributable MS than females across SDI regions (barring the high SDI region). Conversely, across the globe and SDI regions (except for the high SDI region), males had higher number and age-standardized rate of YLD for MS attributable to smoking (Supplementary Figure S4).



3.6 Age pattern of overall and smoking-attributable burden of MS among older adults

Globally, the age-specific rate of YLD for MS is similar across the five older adult age groups from 1990 to 2019 (Supplementary Figures S5, S6). However, in high-SDI regions such as Australasia, Western Europe, and High-income North America, the age-specific rate of YLD significantly decreases with increasing age (Supplementary Figure S6). Between 1990 and 2019, the age-specific rate of YLL for MS is highest among individuals aged 65–69 years, a trend also observed for the age-specific rates of YLD and YLL for MS due to smoking (Supplementary Figures S7–S9).

Overall, the proportion of the MS burden attributable to smoking declined across the five older adult age groups from 1990 to 2019 (Supplementary Figures S10, S11). The highest fractions of MS burden attributable to smoking were observed in individuals aged 65–69 years, decreasing with age, except for MS YLL in Southeast Asia, which showed a reverse trend (Supplementary Figure S11). Globally, smoking was responsible for 15.84 and 10.36% of MS YLD in the 65–69 age group in 1990 and 2019, respectively, and for 17.57 and 11.58% of MS YLL in 1990 and 2019. Furthermore, the impact of smoking varied by region, with higher-SDI regions having a higher proportion of the MS burden attributable to smoking (Supplementary Figures S10, S11).



3.7 Prediction of the age-standardized rates of YLD and YLL for overall and smoking-attributable MS among older adults worldwide

Figure 7 displays the projected trends for age-standardized YLD and YLL rates of overall and smoking-attributable MS among older adults aged 65–89 years globally from 2020 to 2040. Generally, the global age-standardized YLD rate of both overall and smoking attributable MS is expected to decrease from 11.34 and 1.12 per 100,000 populations in 2020 to 8.81 and 0.77 per 100,000 populations in 2040, respectively (Figures 7A,B). Similarly, the global age-standardized YLL rate of both overall and smoking attributable MS is expected to decline from 19.75 and 2.22 per 100,000 populations in 2020 to 14.40 and 1.44 per 100,000 populations in 2040, respectively (Figures 7C,D).
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FIGURE 7
 Trends of age-standardized rate of YLD and YLL for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years worldwide: observed rate (1990–2019) and predicted rates (2020–2040). (A) Age-standardized YLD rate of MS; (B) Age-standardized YLD rate of smoking-attributable MS; (C) Age-standardized YLL rate of MS; (D) Age-standardized YLL rate of smoking-attributable MS. The blue region in shows the upper and lower limits of the 95% uncertainty interval (UI). YLD, years of life lived with disability; YLL, years of life lost.





4 Discussion

MS is a common immune-mediated chronic neurodegenerative disease that damages the central nervous system and significantly impacts the quality of life of patients, resulting in an overwhelming socio-economic burden and loss of labor resources for families, communities, and society as a whole. Unlike young-onset MS, which often presents with a relapsing–remitting course, old-onset MS is more likely to demonstrate a progressive disease course from onset, making it difficult to diagnose and manage (9). The epidemiological patterns and temporal trends of MS among older adults worldwide are of particular interest, given the aging population in many countries. Based on dataset from the GBD study 2019, the current evaluation provides a systematic and up-to-date analysis of the burden of overall and smoking-attributable MS among older adults on a global, regional, and national scale in 2019, and assessed the temporal trends over the past 30 years.

Our findings highlight the significant burden of MS among older adults, a demographic that has been less frequently examined in previous research. While the incidence of MS generally peaks in younger adults, the disease burden and progression in older patients are notable due to the cumulative effects of aging on disease trajectory and treatment response (35). The reduced efficacy of MS therapies in older adults may be attributed to several age-related factors. Physiological changes with aging, such as decreased renal and hepatic function, can alter drug metabolism and clearance (36). Additionally, the immune system undergoes senescence, characterized by diminished immune responses and increased inflammation, which can impact the effectiveness of therapies, which highlights that age-related immune dysfunction can complicate MS treatment and disease management (11). Furthermore, older adults with MS are more likely to experience comorbidities such as cardiovascular disease and diabetes, which can exacerbate MS symptoms and complicate treatment. These comorbidities can contribute to accelerated neurodegeneration and increased disability (37).

There was a substantial disparity in MS burden among the elderly population between regions. Consistent with the previous study that confirmed the positive correlation between age-standardized rate of DALYs for MS for all age groups and the SDI level (14), in 2019, both the absolute number and age-standardized rate of YLD and YLL due to overall and smoking MS tend to increase with the SDI level, suggesting that socioeconomic factors play a role, either as a confounder or mediator, in the distribution variations of the burden of MS (38, 39). High-income North America and Western Europe had the largest burden of overall and smoking-attributable MS among older adults in 2019. Previous investigations show a significant increase in the MS incidence with latitude, with the highest incidence reported in North America and Northern Europe (40–42). The primary environmental factor believed to be responsible for this trend is ultraviolet radiation and vitamin D (43, 44). However, the geographic space is three-dimensional, with altitude being another dimension, and there is a 1.04 time increase in the prevalence of vitamin D insufficiency per 100 m above sea level (45). Furthermore, socioeconomic status has been positively associated with vitamin D deficiency. One potential explanation for this relationship is that individuals of lower socioeconomic status may have greater work- or leisure-related sun exposure (45, 46).

Our results found that on a global level, more than 60% MS-related DALYs among older adults in 2019 came from YLL, suggesting that the total health loss from MS was primarily associated with premature death. Notably, the percentage of DALYs attributed to YLD increased with higher SDI quintiles. This greater relative contribution of YLDs in higher SDI settings is likely due to better access to treatment and improved survival rates (47). As a result, the contribution of YLDs to health loss due to MS is expected to become increasingly significant in global health planning, given the extended life expectancy of MS patients (48). Therefore, the support needs of MS survivors should be integrated into comprehensive MS control planning efforts.

From 1990 to 2019, there was a significant increase in the absolute number of YLD and YLL caused by MS, by 0.99-fold and1.02-fold, respectively. However, the age-standardized YLD and YLL rates tend to trend downward globally in the same period. The increase of absolute number of MS burden can be attributed to improved life expectancy (population aging) and populations growth, while the decreases in age-standardized rate of MS burden were a result of advancements in prevention, diagnosis, and therapies (8, 26, 49, 50). Although the global age-standardized rate of YLD for MS among older adults decreased from 1990 to 2019, a significant increase was observed in many regions, particularly in East Asia. Conversely, the age-standardized YLL rate of MS in East Asia decreased significantly during the same period. Similarly, previous studies of the aforementioned regions have documented increasing trends in MS prevalence and declining mortality of MS (51, 52). Although MS is less common in East Asia, Taiwan had the largest increase in age-standardized rate of incidence and prevalence worldwide. The rising burden of MS in Taiwan were relatively consistent with previous reports (53), and may be associated with the heavy metal exposure (54). Moreover, the proportion of DALYs attributed to YLDs in the overall and smoking-attributable MS cases increased from 1990 to 2019 across all SDI quintiles (barring the high SDI quintile). While global public health efforts have primarily focused on life-saving interventions targeting the leading causes of death, it is crucial to recognize the growing significance of disability as a major contributor to the overall burden of disease and healthcare expenditure (26, 55). Given people with MS living longer and the rapid aging of the population, policymakers must proactively anticipate these changes and adequately allocate resources to healthcare services that can effectively manage the rising prevalence of disabling conditions in older adults with MS (9, 26, 56). Thus, a thorough assessment of the current status, trends, and even future projections regarding the MS burden in the elderly population will shed light on the developing healthcare services scenario. This includes the essential infrastructure and adequately trained personnel required to tackle these emerging challenges.

Smoking reportedly affects MS patients throughout the course of the disease, from the onset of MS to its progression (57, 58), and may compromise the efficacy of disease-modifying drugs like interferon-β (59). The geographic variation in age-standardized mortality rate attributable to smoking can attributed to the difference in smoking prevalence (60). The regions with the highest age-standardized YLD and YLL rates for MS attributable to smoking were High-income North America and Western Europe. Encouragingly, due to worldwide progress in tobacco control, since 1990 the global prevalence of smoking has decreased by 27.5% for males and 37.7% for females (60). As a result, the burden of MS attributable to smoking in the elderly population has also reduced from 1990 to 2019 globally, particularly in the high and high-middle SDI quintiles. Therefore, a considerable proportion of MS burden are preventable by adhering to the guidelines for a healthy lifestyle and well-being that everyone would benefit from.

While sex differences in life expectancy and gendered social determinants of health may partly account for the higher prevalence of MS in females, there are also various sex-specific etiological factors or biological mechanisms underlying the increased female preponderance of MS, including epigenetics, endocrine factors, and modern lifestyle (for example, occupation, cigarette smoking, obesity, birth control and childbirth) (4, 61). Further research should focus on the impact of sex-specific factors on the risk and disease trajectory for MS. Notably, the burden of MS related to smoking is greater in males versus females. This difference is a result of the variation in tobacco consumption between males and females. It is reported that the age-standardized prevalence rate of daily smoking worldwide in 2019 was 32.7% for males and 6.62% for females (60).

The GBD 2016 Multiple Sclerosis Collaborators have outlined the global, regional, and national burden and trend of MS from 1990 to 2016 (3). However, with each new edition of the GBD, data are updated and new methods are employed; therefore, estimates for the entire time series supplant previously reported GBD round estimates (26). In comparison to prior GBD studies, GBD study 2019 has integrated new systematic reviews, cohorts, trials, and case–control studies. Moreover, not only does this current study encompass data for 2017, 2018 and 2019, but it also expands its survey coverage from 195 to 204 countries or territories. Furthermore, two studies have described the distribution and trend of MS burden globally and in China from 1990 to 2019 by using the GBD Study 2019, respectively (14, 51). No study has specifically evaluated the global burden of overall and smoking-attributable MS burden and its secular trend among older adults, however, and the variations by sex and between regions with different levels of socio-economic development. Furthermore, the Bayesian age-period-cohort model was utilized in our study to predict the age-standardized incidence and mortality rates for MS from 2020 to 2040.

Older adults with MS may have different responses to treatments due to age-related physiological changes, necessitating the development of specialized guidelines to enhance management and improve outcomes. Therefore, it is essential to create and implement guidelines specifically tailored for managing MS in older adults, taking into account their unique physiological changes, comorbidities, and the reduced efficacy of disease-modifying therapies. Additionally, educational campaigns should be launched to raise awareness about the impact of smoking on MS and emphasize the importance of early diagnosis and treatment for older adults to mitigate the long-term effects of the disease. Future research should focus on how common comorbid conditions in older adults influence MS management and treatment outcomes. A better understanding of the interplay between MS and comorbidities will enable the development of more integrated and effective management strategies for older patients.



5 Limitations

There are some limitations in the current study. Firstly, this study did not evaluate the distribution and trend of disease burden for MS by subtype. According to the clinical course, MS can be defined into four phenotypes: clinically isolated syndrome (CIS), relapsing–remitting MS (RRMS), primary progressive MS (PPMS), and secondary progressive multiple sclerosis (SPMS) (62). Research has shown that PPMS had a higher prevalence in males across all age groups (63), whereas RRMS, which accounts for approximately 80–85% of MS cases (62), predominantly affects females (43). These differences suggest that various MS subtypes have distinct risk factors. By combining the burden of all MS subtypes, we might obscure the changing etiology, despite improving statistical power. Accurately evaluating the burden of each MS form is essential for resource allocation and treatment decisions. Secondly, while we estimated the fraction of MS disease burden attributable to smoking, we did not adequately assess other well-established risk factors. Smoking is a globally recognized issue, with widespread efforts to reduce the number of smokers and minimize passive smoking in public places. By focusing solely on smoking, our study may overlook other significant risk factors that could inform prevention strategies. This limitation means that our findings and interpretations may not fully address the multifaceted nature of MS risk factors. Future research should aim to provide a more comprehensive assessment of all relevant risk factors to enhance prevention efforts. Thirdly, the accuracy and robustness of the GBD estimates depend on the quality and quantity of the original data or publications, potentially introducing bias due to the lack of specific diagnostic biomarkers and evolving diagnostic criteria for MS (64). Inadequate data, especially from underdeveloped regions, may lead to an underestimation of the disease burden and affect the precision of our estimates. This data deficiency introduces uncertainty into the observed trends, as evidenced by the wide uncertainty bounds in the health loss estimates. Consequently, our findings and interpretations might not fully capture the true extent and distribution of MS burden globally. Future research should prioritize the inclusion of more and higher-quality studies to improve the accuracy and reliability of these estimates.



6 Conclusion

Our study contributes to a deeper understanding of the MS burden by focusing on older adults and evaluating the impact of smoking. These findings offer a crucial basis for informed public health and healthcare decisions. We highlight the necessity for customized interventions and treatment approaches that address the specific challenges encountered by older MS patients and the ongoing influence of smoking.
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SUPPLEMENTARY FIGURE S1 | Percent contribution of YLLs and YLDs in DALYs of overall (A) and smoking-attributable (B) multiple sclerosis among older adults aged 65–89 years at global level and in 5 SDI quintiles, 1990–2019. YLL, years of life lost; YLD, years of life lived with disability; DALYs, disability-adjusted life years. DALYs are the sum of YLLs and YLDs.



SUPPLEMENTARY FIGURE S2 | Estimated annual percentage change (EAPC) of the age-standardized rates of YLD and YLL for overall and smoking-attributable multiple sclerosis among older adults aged 65–89 years from 1990 to 2019 versus the 2019 SDI level. (A) EAPC of age-standardized YLD rate for MS versus the 2019 SDI level; (B) EAPC of age-standardized YLD rate for MS attributable to smoking versus the 2019 SDI level; (C) EAPC of age-standardized YLL rate for MS versus the 2019 SDI level; (D) EAPC of age-standardized YLL rate for MS attributable to smoking versus the 2019 SDI level. YLD, years of life lived with disability; YLL, years of life lost; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S3 | Temporal patterns of YLD caused by multiple sclerosis attributable to smoking in older adults aged 65–89 years worldwide and in 5 SDI quintiles, 1990–2019. (A) The number of YLD; (B) Age-standardized YLD rate (per 100,000). YLD, years of life lived with disability; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S4 | Temporal patterns of YLL caused by multiple sclerosis attributable to smoking in older adults aged 65–89 years worldwide and in 5 SDI quintiles, 1990–2019. (A) The number of YLL; (B) Age-standardized YLL rate (per 100,000). YLL, years of life lost; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S5 | Age-specific rates of MS burden by age group. (A) Age-specific rates of YLD and YLL caused by multiple sclerosis in 1990 (Dash line) and 2019 (Solid line), respectively, are shown by age. (B) The trend of age-specific rate of DALYs due to multiple sclerosis by age from 1990 to 2019 for male. (C) The trend of age-specific rate of DALYs due to multiple sclerosis by age from 1990 to 2019 for female. YLD, years of life lived with disability; YLL, years of life lost; DALYs, disability-adjusted life years.



SUPPLEMENTARY FIGURE S6 | Age-specific rate of YLD for multiple sclerosis by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLD, years of life lived with disability; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S7 | Age-specific rate of YLL for multiple sclerosis by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLL, years of life lost; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S8 | Age-specific rate of YLD for smoking-related multiple sclerosis by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLD, years of life lived with disability; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S9 | Age-specific rate of YLL for smoking-related multiple sclerosis by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLL, years of life lost; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S10 | The fractions of YLD caused by multiple sclerosis attributable to smoking are illustrated by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLD, years of life lived with disability; SDI, socio-demographic index.



SUPPLEMENTARY FIGURE S11 | The fractions of YLL caused by multiple sclerosis attributable to smoking are illustrated by age group across the globe, 5 SDI quintiles, and 21 GBD regions, 1990–2019. YLL, years of life lost; SDI, socio-demographic index.




Footnotes

1   http://www.healthdata.org/gbd/about/protocol

2   http://ghdx.healthdata.org/gbd-results-tool

3   https://seer.cancer.gov/stdpopulations/world.who.html



References

 1. Thompson, AJ, Baranzini, SE, Geurts, J, Hemmer, B, and Ciccarelli, O. Multiple sclerosis. Lancet. (2018) 391:1622–36. doi: 10.1016/S0140-6736(18)30481-1


 2. Walton, C, King, R, Rechtman, L, Kaye, W, Leray, E, Marrie, RA , et al. Rising prevalence of multiple sclerosis worldwide: insights from the atlas of MS, third edition. Mult Scler. (2020) 26:1816–21. doi: 10.1177/1352458520970841


 3. GBD 2016 Multiple Sclerosis Collaborators
. Global, regional, and national burden of multiple sclerosis 1990–2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:269–85. doi: 10.1016/S1474-4422(18)30443-5 

 4. Koch-Henriksen, N, and Sørensen, PS. The changing demographic pattern of multiple sclerosis epidemiology. Lancet Neurol. (2010) 9:520–32. doi: 10.1016/S1474-4422(10)70064-8


 5. Langer-Gould, A, Brara, SM, Beaber, BE, and Zhang, JL. Incidence of multiple sclerosis in multiple racial and ethnic groups. Neurology. (2013) 80:1734–9. doi: 10.1212/WNL.0b013e3182918cc2


 6. Bebo, B, Cintina, I, LaRocca, N, Ritter, L, Talente, B, Hartung, D , et al. The economic burden of multiple sclerosis in the United States: estimate of direct and indirect costs. Neurology. (2022) 98:e1810–7. doi: 10.1212/WNL.0000000000200150 

 7. Dahham, J, Rizk, R, Kremer, I, Evers, S, and Hiligsmann, M. Economic burden of multiple sclerosis in low- and middle-income countries: a systematic review. PharmacoEconomics. (2021) 39:789–807. doi: 10.1007/s40273-021-01032-7 

 8. Beiki, O, Frumento, P, Bottai, M, Manouchehrinia, A, and Hillert, J. Changes in the risk of reaching multiple sclerosis disability milestones in recent decades: a Nationwide population-based cohort study in Sweden. JAMA Neurol. (2019) 76:665–71. doi: 10.1001/jamaneurol.2019.0330 

 9. Vaughn, CB, Jakimovski, D, Kavak, KS, Ramanathan, M, Benedict, RHB, Zivadinov, R , et al. Epidemiology and treatment of multiple sclerosis in elderly populations. Nat Rev Neurol. (2019) 15:329–42. doi: 10.1038/s41582-019-0183-3


 10. Zinganell, A, Göbel, G, Berek, K, Hofer, B, Asenbaum-Nan, S, Barang, M , et al. Multiple sclerosis in the elderly: a retrospective cohort study. J Neurol. (2024) 271:674–87. doi: 10.1007/s00415-023-12041-1


 11. Graves, JS, Krysko, KM, Hua, LH, Absinta, M, Franklin, RJM, and Segal, BM. Ageing and multiple sclerosis. Lancet Neurol. (2023) 22:66–77. doi: 10.1016/S1474-4422(22)00184-3


 12. Weideman, AM, Tapia-Maltos, MA, Johnson, K, Greenwood, M, and Bielekova, B. Meta-analysis of the age-dependent efficacy of multiple sclerosis treatments. Front Neurol. (2017) 8:8. doi: 10.3389/fneur.2017.00577


 13. Buscarinu, MC, Reniè, R, Morena, E, Romano, C, Bellucci, G, Marrone, A , et al. Late-onset MS: disease course and safety-efficacy of DMTS. Front Neurol. (2022) 13:829331. doi: 10.3389/fneur.2022.829331 

 14. Qian, Z, Li, Y, Guan, Z, Guo, P, Zheng, K, Du, Y , et al. Global, regional, and national burden of multiple sclerosis from 1990 to 2019: findings of global burden of disease study 2019. Front Public Health. (2023) 11:1073278. doi: 10.3389/fpubh.2023.1073278


 15. Koch-Henriksen, N, Laursen, B, Stenager, E, and Magyari, M. Excess mortality among patients with multiple sclerosis in Denmark has dropped significantly over the past six decades: a population based study. J Neurol Neurosurg Psychiatry. (2017) 88:626–31. doi: 10.1136/jnnp-2017-315907 

 16. Lunde, HMB, Assmus, J, Myhr, KM, Bø, L, and Grytten, N. Survival and cause of death in multiple sclerosis: a 60-year longitudinal population study. J Neurol Neurosurg Psychiatry. (2017) 88:621–5. doi: 10.1136/jnnp-2016-315238


 17. Capkun, G, Dahlke, F, Lahoz, R, Nordstrom, B, Tilson, HH, Cutter, G , et al. Mortality and comorbidities in patients with multiple sclerosis compared with a population without multiple sclerosis: an observational study using the US Department of defense administrative claims database. Mult Scler Relat Disord. (2015) 4:546–54. doi: 10.1016/j.msard.2015.08.005 

 18. Koch-Henriksen, N, and Magyari, M. Apparent changes in the epidemiology and severity of multiple sclerosis. Nat Rev Neurol. (2021) 17:676–88. doi: 10.1038/s41582-021-00556-y 

 19. Wingerchuk, DM
. Smoking: effects on multiple sclerosis susceptibility and disease progression. Ther Adv Neurol Disord. (2011) 5:13–22. doi: 10.1177/1756285611425694


 20. Rosso, M, and Chitnis, T. Association between cigarette smoking and multiple sclerosis: a review. JAMA Neurol. (2020) 77:245–53. doi: 10.1001/jamaneurol.2019.4271


 21. Hedström, AK
. Smoking and disability progression in multiple sclerosis. Expert Rev Neurother. (2020) 20:739–41. doi: 10.1080/14737175.2020.1743176


 22. GBD 2015 Tobacco Collaborators
. Smoking prevalence and attributable disease burden in 195 countries and territories, 1990–2015: A systematic analysis from the global burden of disease study 2015. Lancet. (2017) 389:1885–906. doi: 10.1016/S0140-6736(17)30819-X


 23. Hunt, LJ, Covinsky, KE, Cenzer, I, Espejo, E, Boscardin, WJ, Leutwyler, H , et al. The epidemiology of smoking in older adults: a National Cohort Study. J Gen Intern Med. (2023) 38:1697–704. doi: 10.1007/s11606-022-07980-w 

 24. Li, C, and Khan, MM. Smoking and self-rated health status of older men in China. Aging Health Res. (2022) 2:100050. doi: 10.1016/j.ahr.2021.100050


 25. Hedström, AK, Bäärnhielm, M, Olsson, T, and Alfredsson, L. Tobacco smoking, but not Swedish snuff use, increases the risk of multiple sclerosis. Neurology. (2009) 73:696–701. doi: 10.1212/WNL.0b013e3181b59c40


 26. GBD 2019 Diseases and Injuries Collaborators
. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9


 27. Polman, CH, Reingold, SC, Edan, G, Filippi, M, Hartung, HP, Kappos, L , et al. Diagnostic criteria for multiple sclerosis: 2005 revisions to the "McDonald criteria". Ann Neurol. (2005) 58:840–6. doi: 10.1002/ana.20703 

 28. Martinez, R, Soliz, P, Caixeta, R, and Ordunez, P. Reflection on modern methods: years of life lost due to premature mortality—a versatile and comprehensive measure for monitoring non-communicable disease mortality. Int J Epidemiol. (2019) 48:1367–76. doi: 10.1093/ije/dyy254 

 29. Feigin, VL, Vos, T, Nichols, E, Owolabi, MO, Carroll, WM, Dichgans, M , et al. The global burden of neurological disorders: translating evidence into policy. Lancet Neurol. (2020) 19:255–65. doi: 10.1016/S1474-4422(19)30411-9 

 30. Hankey, BF, Ries, LA, Kosary, CL, Feuer, EJ, Merrill, RM, Clegg, LX , et al. Partitioning linear trends in age-adjusted rates. Cancer Causes Control. (2000) 11:31–5. doi: 10.1023/A:1008953201688


 31. Gao, S, Yang, WS, Bray, F, Va, P, Zhang, W, Gao, J , et al. Declining rates of hepatocellular carcinoma in urban Shanghai: incidence trends in 1976–2005. Eur J Epidemiol. (2012) 27:39–46. doi: 10.1007/s10654-011-9636-8 

 32. Riebler, A, and Held, L. Projecting the future burden of cancer: Bayesian age-period-cohort analysis with integrated nested Laplace approximations. Biom J. (2017) 59:531–49. doi: 10.1002/bimj.201500263 

 33. Vollset, SE, Goren, E, Yuan, C-W, Cao, J, Smith, AE, Hsiao, T , et al. Fertility, mortality, migration, and population scenarios for 195 countries and territories from 2017 to 2100: a forecasting analysis for the global burden of disease study. Lancet. (2020) 396:1285–306. doi: 10.1016/S0140-6736(20)30677-2


 34. Liu, Z, Xu, K, Jiang, Y, Cai, N, Fan, J, Mao, X , et al. Global trend of aetiology-based primary liver cancer incidence from 1990 to 2030: a modelling study. Int J Epidemiol. (2021) 50:128–42. doi: 10.1093/ije/dyaa196 

 35. Goyne, CE, Fair, AE, Sumowski, PE, and Graves, JS. The impact of aging on multiple sclerosis. Curr Neurol Neurosci Rep. (2024) 24:83–93. doi: 10.1007/s11910-024-01333-2


 36. Dharmarajan, TS
. Physiology of aging. In: CS Pitchumoni and TS Dharmarajan, editors. Geriatric gastroenterology. edn ed. Cham: Springer International Publishing (2021). 101–53.


 37. DiMauro, KA, Swetlik, C, and Cohen, JA. Management of multiple sclerosis in older adults: review of current evidence and future perspectives. J Neurol. (2024) 271:3794–805. doi: 10.1007/s00415-024-12384-3 

 38. Pakdel, M, Karin Hedström, A, Bidkhori, M, Hadei, M, Kazemi Moghaddam, V, Sarmadi, M , et al. Do socioeconomic factors affect the prevalence of multiple sclerosis in Iran? Acta Neurol Scand. (2019) 140:328–35. doi: 10.1111/ane.13148 

 39. Moghaddam, VK, Dickerson, AS, Bazrafshan, E, Seyedhasani, SN, Najafi, F, Hadei, M , et al. Socioeconomic determinants of global distribution of multiple sclerosis: an ecological investigation based on global burden of disease data. BMC Neurol. (2021) 21:145. doi: 10.1186/s12883-021-02170-3 

 40. Tian, DC, Zhang, C, Yuan, M, Yang, X, Gu, H, Li, Z , et al. Incidence of multiple sclerosis in China: a nationwide hospital-based study. Lancet Reg Health West Pac. (2020) 1:100010. doi: 10.1016/j.lanwpc.2020.100010 

 41. Taylor, BV, Pearson, JF, Clarke, G, Mason, DF, Abernethy, DA, Willoughby, E , et al. MS prevalence in New Zealand, an ethnically and latitudinally diverse country. Mult Scler. (2010) 16:1422–31. doi: 10.1177/1352458510379614 

 42. Simpson, S Jr, Wang, W, Otahal, P, Blizzard, L, van der Mei, IAF, and Taylor, BV. Latitude continues to be significantly associated with the prevalence of multiple sclerosis: an updated meta-analysis. J Neurol Neurosurg Psychiatry. (2019) 90:1193–200. doi: 10.1136/jnnp-2018-320189 

 43. Sabel, CE, Pearson, JF, Mason, DF, Willoughby, E, Abernethy, DA, and Taylor, BV. The latitude gradient for multiple sclerosis prevalence is established in the early life course. Brain. (2021) 144:2038–46. doi: 10.1093/brain/awab104 

 44. Rotstein, DL, Marrie, RA, Maxwell, C, Gandhi, S, Schultz, SE, Fung, K , et al. MS risk in immigrants in the McDonald era: a population-based study in Ontario, Canada. Neurology. (2019) 93:e2203–15. doi: 10.1212/WNL.0000000000008611 

 45. Beer, RJ, Herrán OF, and Villamor, E
. Prevalence and correlates of vitamin D deficiency in a tropical setting: results from a nationally representative survey. Am J Clin Nutr. (2020) 112:1088–98. doi: 10.1093/ajcn/nqaa197 

 46. Chen, J, Yun, C, He, Y, Piao, J, Yang, L, and Yang, X. Vitamin D status among the elderly Chinese population: a cross-sectional analysis of the 2010–2013 China national nutrition and health survey (CNNHS). Nutr J. (2017) 16:3. doi: 10.1186/s12937-016-0224-3 

 47. Wilson, S, Calocer, F, Rollot, F, Fauvernier, M, Remontet, L, Tron, L , et al. Effects of socioeconomic status on excess mortality in patients with multiple sclerosis in France: a retrospective observational cohort study. Lancet Reg Health Eur. (2023) 24:100542. doi: 10.1016/j.lanepe.2022.100542


 48. Fernández, Ó, Sörensen, PS, Comi, G, Vermersch, P, Hartung, H-P, Leocani, L , et al. Managing multiple sclerosis in individuals aged 55 and above: a comprehensive review. Front Immunol. (2024) 15:1379538. doi: 10.3389/fimmu.2024.1379538 

 49. Ransohoff, RM, Hafler, DA, and Lucchinetti, CF. Multiple sclerosis-a quiet revolution. Nat Rev Neurol. (2015) 11:134–42. doi: 10.1038/nrneurol.2015.14 

 50. Comabella, M, Sastre-Garriga, J, and Montalban, X. Precision medicine in multiple sclerosis: biomarkers for diagnosis, prognosis, and treatment response. Curr Opin Neurol. (2016) 29:254–62. doi: 10.1097/WCO.0000000000000336


 51. Li, M, Zhou, N, Duan, S, Zhong, H, Jiang, R, Yuan, N , et al. Burden and trends of multiple sclerosis in China from 1990 to 2019: a systematic analysis for the global burden of disease study 2019. BMJ Open. (2022) 12:e066335. doi: 10.1136/bmjopen-2022-066335


 52. Jia, D, Zhang, Y, and Yang, C. The incidence and prevalence, diagnosis, and treatment of multiple sclerosis in China: a narrative review. Neurol Sci. (2022) 43:4695–700. doi: 10.1007/s10072-022-06126-4 

 53. Eskandarieh, S, Heydarpour, P, Minagar, A, Pourmand, S, and Sahraian, MA. Multiple sclerosis epidemiology in East Asia, South East Asia and South Asia: a systematic review. Neuroepidemiology. (2016) 46:209–21. doi: 10.1159/000444019 

 54. Tsai, CP, and Lee, CT. Multiple sclerosis incidence associated with the soil lead and arsenic concentrations in Taiwan. PLoS One. (2013) 8:e65911. doi: 10.1371/journal.pone.0065911 

 55. Nugent, R, Bertram, MY, Jan, S, Niessen, LW, Sassi, F, Jamison, DT , et al. Investing in non-communicable disease prevention and management to advance the sustainable development goals. Lancet. (2018) 391:2029–35. doi: 10.1016/S0140-6736(18)30667-6 

 56. Jakimovski, D, Zivadinov, R, Weinstock, Z, Fuchs, TA, Bartnik, A, Dwyer, MG , et al. Cortical thickness and cognition in older people with multiple sclerosis. J Neurol. (2023) 270:5223–34. doi: 10.1007/s00415-023-11945-2 

 57. Sundström, P, Nyström, L, and Hallmans, G. Smoke exposure increases the risk for multiple sclerosis. Eur J Neurol. (2008) 15:579–83. doi: 10.1111/j.1468-1331.2008.02122.x


 58. Manouchehrinia, A, Tench, CR, Maxted, J, Bibani, RH, Britton, J, and Constantinescu, CS. Tobacco smoking and disability progression in multiple sclerosis: United Kingdom cohort study. Brain. (2013) 136:2298–304. doi: 10.1093/brain/awt139 

 59. Petersen, ER, Oturai, AB, Koch-Henriksen, N, Magyari, M, Sørensen, PS, Sellebjerg, F , et al. Smoking affects the interferon beta treatment response in multiple sclerosis. Neurology. (2018) 90:e593–600. doi: 10.1212/WNL.0000000000004949 

 60. GBD 2019 Tobacco Collaborators
. Spatial, temporal, and demographic patterns in prevalence of smoking tobacco use and attributable disease burden in 204 countries and territories, 1990-2019: a systematic analysis from the global burden of disease study 2019. Lancet. (2021) 397:2337–60. doi: 10.1016/S0140-6736(21)01169-7


 61. Sellner, J, Kraus, J, Awad, A, Milo, R, Hemmer, B, and Stüve, O. The increasing incidence and prevalence of female multiple sclerosis--a critical analysis of potential environmental factors. Autoimmun Rev. (2011) 10:495–502. doi: 10.1016/j.autrev.2011.02.006 

 62. Lublin, FD, Reingold, SC, Cohen, JA, Cutter, GR, Sørensen, PS, Thompson, AJ , et al. Defining the clinical course of multiple sclerosis: the 2013 revisions. Neurology. (2014) 83:278–86. doi: 10.1212/WNL.0000000000000560 

 63. Miclea, A, Salmen, A, Zoehner, G, Diem, L, Kamm, CP, Chaloulos-Iakovidis, P , et al. Age-dependent variation of female preponderance across different phenotypes of multiple sclerosis: a retrospective cross-sectional study. CNS Neurosci Ther. (2019) 25:527–31. doi: 10.1111/cns.13083 

 64. Polman, CH, Reingold, SC, Banwell, B, Clanet, M, Cohen, JA, Filippi, M , et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol. (2011) 69:292–302. doi: 10.1002/ana.22366 


Copyright
 © 2024 Su, Liang and He. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-11-1430741-g005.jpg
Global High SDI High-middle SDI

|

————————=—
A A A A A

Middle SDI Low-middie SDI Low SDI

i

g

000

“%4

Number of YLD

—_—

R A A A P S A 4

Year

— Both — Fomale — Male

L]

5

Global High SDI High-middle SDI

g

(

Age-standardized YLD rate (per 10%)

T

—/_——’—_’/
N I

A O P R AU A S

Year

a

Age-standardized YLD rate (per 10%)

= Both = Female — Male





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The overall and smoking-attributable burden of multiple sclerosis among older adults aged 65–89 years from 1990 to 2019 and predictions to 2040



		1 Introduction



		2 Methods



		2.1 Data source and data collection



		2.2 Years of life lost and years lived with disability



		2.3 Statistical analysis









		3 Results



		3.1 Global overall and smoking-attributable burden of MS among older adults



		3.2 Regional level overall and smoking-attributable burden of MS among older adults



		3.3 National level overall and smoking-attributable burden of MS among older adults



		3.4 Overall and smoking-attributable burden of MS among older adults by SDI quintile



		3.5 Sex difference of overall and smoking-attributable burden of MS among older adults



		3.6 Age pattern of overall and smoking-attributable burden of MS among older adults



		3.7 Prediction of the age-standardized rates of YLD and YLL for overall and smoking-attributable MS among older adults worldwide









		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fmed-11-1430741-g004.jpg
2

‘Age-standardized YLD rate (per 100,000)
s

p=0.541
P<0.001

‘Age-standardized YLD rate (per 100,000)

p=0518
P<0.001

050
s1 (2019)

i

c
2
e
1 —
SDI quintil
- quintile
w — © Hgh

- ® Highmiddie

s

‘Age-standardized YLL rate (per 100,000)
g g

01 (2019)

S

p=0.504
P<0.001

Age-standardized YLL rate (per 100,000)






OPS/images/fmed-11-1430741-g007.jpg
2000 2010 2020 2030

1990

Year

3 B o <
(000001 42d) 2381 TIA pozipiepue}s-aby.

0t sz 0z St 0L S0
(000'001 42d) 331 T1A PozIPIEPUEIS-0BY

2000 2010 2020 2030 2040

1990

Year

<

vzt o0 8 9 %
(000001 4od) 93€1 Q1A PozIpIEPUEIS-2BY

st oL 50
SS,SI&;:n..»ua_uiv:..v.s

2000 2010 2020 2030

1990

2000 2010 2020 2030 2040

1990

Year

Year





OPS/images/fmed-11-1430741-g006.jpg
Global High SDI High-middle SDI
o
5
2
2 o /
5
:
= o // /

=
e

Middle SDI Low-middie SDI Low SDI

‘m/

. //_/
—_——

CEC A R R G A S SR

Year

Number of YLL.

= Both — Fomale ~— Malo

Global High SDI High-middle SDI

/

N i W
P
: e
30
2

A T A

Middle SDI Low-middle SDI Low SDI

Age-standardized YLL rate (per 10°)

/?7
|

I A
Year

= Both — Female — Male





OPS/images/fmed-11-1430741-g003.jpg





OPS/images/fmed-11-1430741-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

The overall and
smoking-attributable burden of
multiple sclerosis among older

adults aged 65-89 years from
1990 to 2019 and predictions to
2040












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-11-1430741-e005.jpg





OPS/images/fmed-11-1430741-e006.jpg





OPS/images/fmed-11-1430741-e003.jpg
Wi





OPS/images/fmed-11-1430741-e004.jpg





OPS/images/fmed-11-1430741-g001.jpg
Age-standardized YLD rate Age-standardized YLL rate

Eastasia Highincome North America
Ausralasia ContralLatin America
‘Andean Latin America Westor Sub-Saharan Afrca
ContralLatin America Caribbean
Contral Sub-Saaran Afica Andean Latin America
Western Europe ‘Southern Sub-Saharan Afica
Western Sub-Saharan Afica High 501
North Afica and Middlo East Westor Europe

South Asia North Africa and iddi Esst
Southeast Asia Lowsol

Widdie SOI Low-middia SOI
Garibboan Estorn SubSaharan Afrca
Tropial Latin Amarica Contral Sub-Saharan Africa
Eastern Sub-Saharan Afica Southeast Asia

Lowsol Austalosia

Low-middie SOI South Asia

Southern Sub-Saharan Afrca Middia SOI

Highincome Asia Paciic ContralAsia

Southern Latn America Tropical Latin America
High 501 Global

Ocoania Oceania

Highincome North America Highincome Asia Pacific
Contrat s ContralEurope.

Contral Europe Souther Latin America
High-middlo SO High-mid SD1

Glob Eastasia

Eastom Europe Eastorn Europ.

Bl [} 1 2 2 o1 2
Estimated annual percentage change (%) Estimated annual percentage change (%)

Age-standardized YLD rate Age-standardized YLL rate

Eastasia Gonral Asia
Contrat Asia Highincomo North America.
Lowsol Wastorn Sub-Saharan Afica
North Africa and Middle East Caribbos
‘Coniral Sub-Saharan Africa Lowsol
‘Southern Latin Amrica. North Afica and Midcle East
Western Europe Eastern Sub-Saharan Africa
Wostorn Sub-Saharan Affca Contral Sub-Saharan Afica
‘Andoan Latin America Contral Latin America
Caribbean Low-middlo 501
Midalo SO1 High 501
South Asia Southeast Asia
Low-middie 501 Western Europe
Ocosnia Oceania
ContralEurope. Midalo $D1
Southeast Asia South Asia
Eastorn Sub-Saharan Afrca Andean Latin America.
Eastorn Europo Esstorn Europe
High-middle SO Southern Latin America
Ausualasia Globat
Highvincome AsiaPaciic Gontral Europo
High sl Eastasia
Highincome North America Highmiddie DI
Globat Southern Sub-Saharan Afrca
‘ContralLatin America Highincomo Asia Pacific
Tropicl Latin America Austratasia
Southern Sub-Saharan Afrca Tropical Latin America

3 2 4 0 1 3 2 o 1

Estimated annual percentage change (%) Estimated annual percentage change (%)

Locations

"y
=
K3
®
S
o
a






OPS/images/fmed-11-1430741-e007.jpg





OPS/images/fmed-11-1430741-e008.jpg
100 (exp(B)-1)





OPS/images/fmed-11-1430741-e001.jpg
a;





OPS/images/fmed-11-1430741-e002.jpg
ith





OPS/images/fmed-11-1430741-t002.jpg
Characteristics YLD YLL

Case No. (95% UI)  ASR per 100,000 No. Case No. (95% UI)  ASR per 100,000 No.

(95% UI) (95% UI)
Overall 7,891 (5,003 10 10,991) 113 (L1110 115) 15,667 (10,833 t0 20,076) 225(22210229)
Sex
Male 3,735 (2,380 10 5,268) 115 (L1210 1.18) 8947 (6,320 t0 12,409) 276 (2.71 10 2.81)
Female 4,156 (2,636 10 5,767) 112(109 t0 1.15) 6,720 (3,691 10 9,099) 1.82(1.78 o 1.86)

Socio-demographic index

High 5,344 (3367 10 7.473) 329(322103.37) 9,744 (5,585 t0 12,990) 609 (599106.2)
High-middle 1,634 (1,058 t0 2,324) 0.92(089100.95) 2,823 (1961 10 4,720) 159 (15410 1.64)
Middle 580 (360 to 834) 0.28(0.26100.3) 1852 (1,278 t0 2,750) 0.9(0.87100.93)
Low-middle 261 (155 to 394) 0.23(022100.25) 1,007 (684 t0 1,364) 0.9(0.86100.95)
Low 68 (4110 104) 0.17(015100.19) 233 (146 10 328) 0.59 (05410 0.64)
Region
High-income Asia Pacific 163 (990 249) 0.42 (03710 0.46) 235 (161 to 405) 0.6 (05510 0.65)
Central Asia 96 (59 to 141) 183 (1,610 2.06) 53 (341085 105 (0.8910 1.21)
East Asia 217 (13010 333) 0.12(0.11100.13) 1,678 (1,146 10 2,572) 0.9(0.87100.94)
South Asia 242 (14110 373) 021(0.19100.23) 961 (61510 1,352) 0.83(0.7910 0.87)
Southeast Asia 35(211053) 0.07 (005 10 0.08) 365 (249 10 552) 0.78(0.73 10 0.84)
Australasia 69 (4110 103) 156 (1350 1.78) 1177510 165) 263 (23310 2.94)
Caribbean 16910 24) 0.38 (03710 0.38) 51(301072) 114 (0.96 0 133)
Central Europe 311 (19510 435) 155 (14310 1.67) 897 (604 to 1,541) 453(43104.75)
Eastern Europe 184 (11210 273) 059 (0,53 10 0.65) 416 (2360 969) 135 (12510 1.45)
Western Europe 3,121 (1960 to 4,408) 416 (40410 4.28) 5,101 (3,206 t0 6,823) 6.98 (68110 7.14)
Andean Latin America 5(107) 0.1(0.1100.1) 171010 25) 037(037100.37)
Central Latin America 31(181049) 0.17(0.17100.17) 137 (8610 194) 0.69 (06210 0.77)
Southern Latin America 69(39t0 107) 0.96(0.83to 1.1) 107 (67 t0 201) 148 (1,310 1.66)
‘Tropical Latin America 201 (119 to 300) 0990910 1.08) 221 (148 t0 336) 107 (09710 1.17)
North Africa and Middle East 472(295 10 683) 147 (138 10 1.56) 400 (268 10 592) 124(11610132)

High-income North America 2,635 (1,660 to 3,755) 473 (4.58104.87) 4791 (2491 10 6,574) 8.68 (8.47 10 8.89)
Oceania 0 0.04(0.03 10 0.04) 2(1t03) 0.43(0.43100.43)
Central Sub-Saharan Africa 1(1t02) 0.04(0.04 10 0.04) 8(41014) 022(022100.22)
Eastern Sub-Saharan Africa 8(4t012) 0.07(0.07100.07) 39 (18 10 66) 0.3(0.24100.36)
Southern Sub-Saharan Africa 8(51013) 0.18(0.18100.18) 26(171035) 053 (04110 0.65)
‘Western Sub-Saharan Africa 8(51012) 0.06 (0.06 10 0.06) 44(281065) 031(0.26100.37)

YLL, years of life lost; YLD, years of life lived with disability; ASR, age-standardized rate.






OPS/images/fmed-11-1430741-t001.jpg
Characteristics YLD YLL

Case No. (95% UI)  ASR per 100,000 No. ~Case No. (95% UI)  ASR per 100,000 No.

(95% UI) (95% UI)
Ovenal 139,132 (107,632 t0 19.95 (19.85 t0 20.05)
80,040 (57,534 t0 103,608) 1143 (1136 t0 11.51) 161,172)
Sex
Male 24,135 (17,296 10 31,524) 752(743107.6) 54417 (40,530 10 67,595) 1688 (16.75 10 17.02)
Female 55,905 (40,306 t0 72,324) 14.76 (1464 10 14.87) 84,715 (56,292 10 104,262) 2262(22.47 10 22.76)
Socio-demographic index
49,100 (35,580 t0 63,160) 29.11 (28,8610 29.35) 82,469 (49,528 10 93,331) 50.11(49.78 10 50.45)
High-middle 18,185 (13,052 t0 23,712) 10.12(9.98 10 10.25) 24,645 (20,172 10 38,592) 138 (13,6410 13.96)
Middle 7,525 (5,200 t0 10,051) 37(363103.77) 16,762 (14,438 10 21,204) 8.24 (81310 8.36)
Low-middle 3947 (2675 10 5,414) 361(352103.7) 11,368 (9357 t0 13,529) 1037 (10210 10.54)
Low 1,241 (824 10 1703) 327(3.13103.4) 3,821 (2685 10 5,037) 1002 (9.76 10 10.28)
Region
High-income Asia Pacific 2,132 (1,435 10 2,929) 508(49105.25) 2181 (1720 10 3,506) 5.26 (50910 5.44)
Central Asia 1,075 (76210 1,432) 2144 (205 10 22.39) 675 (563 10 925) 1447 (1369 10 15.24)
East Asia 1,582 (1,017 10 2,237) 0,86 (0.83100.9) 9,307 (7,558 t0 12,350) 507 (4.98105.16)
South Asia 3,855 (253410 5,393) 34(331103.48) 12,284 (9975 10 15,027) 1081 (1064 10 1099)
Southeast Asia 413 (261 10 592) 0.9(0:84100.96) 3,019 (2365 10 4,270) 662 (6.43 10 6.81)
Australasia 1,138 (771 10 1,564) 25,56 (24.410 26.73) 1819 (1,224 10 2,349) 4122 (39.74 10 427)
Caribbean 215 (14310 297) 488 (446 105.29) 551(39210673) 1285 (12.1 10 13.61)
Central Europe 2,655 (1855 10 3,433) 13.07 (1267 t0 13.47) 7,219 (5,586 t0 11,561) 35.92(35.18 10 36.66)
Eastern Europe 1992 (1,351 t0 2,776) 643 (621106.65) 42292773 108,842) 137 (133210 14.07)
Western Europe 30,684 (21,697 10 40,103) 38.07 (37.67 t0 38.47) 43,832 (28,796 10 52,117) 57 (56.48 t0 57.51)
Andean Latin America 186 (126 10 257) 4(36410437) 415 (30510 519) 9.04 (843 109.64)
Central Latin America 779 (524 10 1,069) 407 (386 104.28) 2,482 (1904 10 3,064) 13.02 (12610 13.43)
Southern Latin America 786 (533 t0 1,102) 10.69 (101510 11.22) 1,110 (877 to 1866) 15.24 (1455 t0 15.94)
‘Tropical Latin America 2336 (1,598 10 3,131) 1167 (11.28 10 12.05) 2512 (2,109 10 3,595) 1245 (12.04 10 12.86)
North Africa and Middle East 6,335 (4,557 10 8,249) 2021 (19.79 10 20.63) 4,325 (3,664 10 5,458) 13.72 (1338 t0 14.06)
High-income North America 23,063 (16,851 t0 29,617) 40.95 (40.46 10 41.44) 39,855 (21,729 10 46,439) 7154 (70.87 t0 72.21)
Oceania 2(1103) 047 (0.47 10 0.47) 2051032 482(482104.83)
Central Sub-Saharan Africa 54(341077) 144(1.21 10 1.67) 236 (143 10 338) 661 (6.06107.16)
Eastern Sub-Saharan Africa 207 (133 10 294) 177 (161 t01.92) 838 (450 t0 1,196) 7.3(694107.66)
Southern Sub-Saharan Africa 158 (104 10 221) 3.61(326103.97) 390 (321 to 452) 9.15(85109.79)
‘Western Sub-Saharan Africa 393 (266 t0 544) 298 (278103.19) 1832 (1,474 10 2,552) 14.13 (1362 t0 14.64)

YLL, years of life lost; YLD, years of life lived with disability; ASR, age-standardized rate.






