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Abstract

Background Multiple myeloma (MM) is the second most common haematological malignancy worldwide. A com-
prehensive global analysis of MM based on diverse geographic locations and timeframes is lacking. This study aimed
to provide the incidence, mortality rate, and disability-adjusted life years (DALYs) of MM, from 1990 to 2021, focusing
on the age structure and temporal trends of the disease burden.

Methods This study analysed the most recent MM data (1990 to 2021) from 204 countries and territories obtained
from the Global Burden of Disease database. MM incidence, age-standardised mortality rate (ASMR), and DALYs were
stratified by age, sex, and region to accurately reflect epidemiological trends and disease burden. The correlation
between age-standardised rates and social population index was evaluated. To explore the influencing factors of MM,
the annual percentage change (APC) and average APC rate (AAPC), as well as their corresponding 95% confidence
intervals (Uls), were calculated.

Results In 2021, there were approximately 35,000 cases of MM worldwide, with the highest numbers in China

and Germany, with 47,003 and 32,010 cases, respectively. In 2021, Europe had the highest ASIR and ASPR, while North
America had the highest ASMR and DALYs. Globally, age-standardized ASPR, ASMR, and DALYs all increased

between 1990 and 2021. From 1990 to 2021, the number of cases, deaths, and disability-adjusted life-years due to MM
were higher in males than in females. The higher the sociodemographic index, the higher the ASPR.

Conclusions The global prevalence, ASIR, ASMR and DALYs of MM increased, showing significant regional disparities.
These findings underscore the need for prevention in specific populations and emphasise the urgent need for new
therapies to reduce ASIR and improve patient prognosis.

Keywords Multiple myeloma, Global Burden of Disease, Epidemiological analysis, Age structure analysis, Joinpoint
regression analysis
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single disease, MM is a collection of several plasma cell
malignancies with distinct cytogenetic abnormalities [5].
According to the 2016 Global Burden of Disease report,
the incidence of MM increased by 126% from 1990 to
2016, and the disease usually occurs in the elderly, with
incidence rates of 85% and 60% in people over 55 and
over 65 years of age, respectively. [6, 7]. Although bone
marrow-clearing chemotherapy and autologous stem
cell transplantation improved the median survival time
to>6 years, MM remains largely incurable and imposes
a significant financial burden on society and healthcare
systems. From 1990 to 2021, the prevalence of MM in
China increased significantly by 14.8% (95% UI, 5.3—
26.2%), while the age-standardized prevalence increased
by 5.8% (95% UI, 1.7-10.8%) [8].

In addition, factors such as a long-term monopoly on
anticancer drugs, non-negotiable drug prices between
health insurance and pharmaceutical companies, [9] and
prohibitions on drug imports have led to persistently
high cancer treatment costs. Additionally, increases in
laboratory tests and imaging, doctor visits, chemother-
apy management, hospital fees, and nursing costs have
substantially increased the economic burden [10]. A
comprehensive description of the global burden of MM
is needed to direct health policy, resource allocation,
research, and patient care.

The Global Burden of Disease (GBD) study is a relia-
ble tool for understanding the current assessment of the
age-standardised incidence rate (ASIR), age-standardised
mortality rate (ASMR), and disability-adjusted life years
(DALYs). Therefore, in this study, we aimed to system-
atically describe the MM disease burden, including the
prevalence, ASIR, ASMR, and DALYs, with a focus on
age, sex distribution, and temporal trends, using the GBD
statistical model. This analysis will help clinicians, epide-
miologists, and health policy makers to further optimise
the allocation of medical resources and develop more
effective public health strategies.

Methods

Data collection and download

In 2021, the GBD (https://ghdx.healthdata.org/gbd-2021/
sources) was supported by collaborators from 164 coun-
tries using the latest epidemiological data and strength-
ened standardized methods. Health damages related to
369 diseases and injuries were evaluated in detail, cov-
ering 88 risk factors in 204 countries and regions. The
global health status and disease burden were evaluated
systematically. In this study, we obtained 1990-2021 data
(global ASIR, ASMR, DALYs, and ASR of MM) from
the GHDx (https://vizhub.healthdata.org/gbdresults/)
with an emphasis in morbidity, mortality and DALYs.. In
addition, we evaluated MM burden distribution among
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different age groups, sexes, and social population index.
DALYs are composed of years of life lost (YLL) and years
lived with disability (YLD). YLL is calculated by multiply-
ing the number of deaths in each age group by the value
of years of life lost for that age group. YLD is obtained by
multiplying the number of cases by the average years of
disability and the severity of the disease. DALYs are the
sum of the two [11, 12].

Joinpoint regression analysis

The Joinpoint regression analysis model was used to
evaluate the time trend of disease prevalence or death.
The model quantitatively describes the important change
points of the MM epidemic time-series data globally,
nationally, and regionally. The model allowed for annual
percentage change (APC) calculation (with 95% confi-
dence intervals [CIs]) to describe the epidemiological
trends within the described time range. AAPC or APC>0
indicates an upward trend, while AAPC or APC<0 indi-
cates a downward trend, which is only meaningful if the
upper and lower limits of their 95% confidence intervals
(CIs) have the same sign. Otherwise, the trend is consid-
ered to be stable over time [13]. If the AAPC and its 95%
CI were higher or lower than zero, it indicated that ASR
increased or decreased over time, respectively. When the
95% CI was zero, the ASR did not change significantly.
Detailed information is provided in Supplementary
Methods.

Age groups

In terms of age, we also categorized patients with
MM into 16 age groups: 20-24 years, ‘25-29 vyears,
30-34 years, ‘35—39 years, ‘40-44 years, ‘45-49 years,
‘50-54 years, ‘55—59 years, ‘60—64 years, ‘65—69 years,
70-74 years, ‘75-79 years, ‘80—84 years, ‘85—-89 years,
‘90—-94 year, and ‘95 + years.

Statistical analysis

The prevalence, ASIR, ASMR, and DALYs were expressed
as population projections per 100,000 people, with 95%
UL In addition, we calculated the AAPC of the social
population index in 204 countries and used Spearman’s
correlation analysis to evaluate the relationship between
AAPC of social population index and ASR. Statistical
significance was set at p<0-05. All statistical analyses
were performed using R software (version 4-2-2) and the
ggplot2 package.

Results

Global, regional, and national MM burden

Globally, the incidence of MM increased from 55,710.10
cases in 1990 to 148,754.63 cases in 2021. The ASIR
increased from 1.47 cases per 100,000 in 1990 to 1.74
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cases per 100,000 in 2021. In addition, the incidence of
MM increased in all five social population index regions,
with the high social population index region having the
highest number of MM cases at 33,358 (95% UL 31,615—
34,445). In 2021, the ASIR was the highest in the high
social population index region (3.16 per 100,000; 95% UI,
2.87-3.34) and lowest in the low social population index
region (0.77 per 100,000; 95% UL 0.51-1.02). Between
1990 and 2021, the highest increase (1.04-fold) in cases
was in the middle social population index regions
(Table 1).

The global mortality rate for MM also increased dur-
ing the period 1990-2021. The increasing trend varied by
region, with the largest increase in central social popu-
lation index (0.79 per 100,000; 95% UI: 0.38-1.15), in
contrast to high social population index, which showed
a decreasing trend (—0-09 per 100,000; 95% UI: —0.14 to
—0.05) (Table 2).

The global DALYs for MM also showed an upward
trend. Similar to ASMR, the increase was greatest in the
medium social population index region (0-79 per 100,000;
95% UI: 0-37-1.16). High social population index agreed
that there was a downward trend (—0-15 per 100,000; 95%
UL —0-18——0-11) (Table 3).

Regionallyy, MM incidence increased globally, with
the largest increase in Asia and the smallest increase
in the North American high region. ASIR Europe had
the highest MM rate at 3.33 cases per 100,000 (95% UI:
3.06-3.563), followed by North America at 3.10 cases per
100,000 (95% UI: 2.83-3.26). ASIR Asia had the largest
increase in 0.70 cases per 100,000 (95% UL 0.32-1.07),
with the largest increase in Europe and the smallest
increase in the North American high region. In contrast,
ASIR Oceania had the lowest MM rate at 0.36 cases per
100,000 (95% UI: 0.21-0.50), followed by Africa at 0.95
cases per 100,000 (95% UL: 0.61-1.18). The United States
of America, China, and India were the three countries
that reported the most new cases of MM in 2021, while
Mali, the Tokelau Islands, and Niue were the three coun-
tries with the fewest reported new MM cases. Monaco,
Italy, and Bermuda had the highest ASIRs, whereas Mali,
Niger, and Chad had the lowest (Fig. 1).

Age and sex differences in MM burden

Globally, both ASIR and ASDR showed a fluctuat-
ing trend from 1990 to 2021. Overall, ASIR and ASDR
were significantly higher in males than in females. Age-
standardised DALYs for both males and females showed
a significant upward trend between 1990 and 2021. The
age-standardised ASIR and ASMR for males were the
highest in the high social population index quintile and
lowest in the low social population index quintile in 1990,
and a slight difference in age-standardised DALYs was
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observed between the low and low-middle social popu-
lation index quintiles. However, between 1990 and 2021,
the low-middle social population index quintile increased
more significantly than did the low social population
index quintile. ASIR and ASDR were generally lower
for females than for males, but the trends from 1990 to
2021 were comparable between males and females. For
females, the high social population index quintile had
the highest age-standardised DALYs in 1990 and 2021.
The age-standardised DALYs for women in all quintiles
increased from 1990 to 2021.

From 1990 to 2021, the prevalence rates among the
age groups remained stable, with the highest rates in the
90-94 age group. In 2021, the highest ASMR was in the
high social population index 90-94 age group, and the
lowest was in the low social population index 20-24 age
group. Globally, DALYs trended upward for both males
and females, with the most significant increase in the
median social population index quintile. An increase in
incidence occurred in both males and females, with a
higher increase in males, particularly in the 25-29 age
group, in countries with high-middle social popula-
tion index. The number of deaths was the highest in the
95+age group. The number of deaths was significantly
higher in the high social population index age group.
The number of deaths was significantly higher in the low
social population index age group. In addition, the num-
ber of deaths was higher in males than in females, regard-
less of age or social population index. The MM ASIR,
ASMR, and DALYs increased in all age groups as the
population aged (Tables 4, 5, 6 and 7).

Overall time trends in sex and age structure

The MM incidence, ASMR, and DALYs showed signifi-
cant upward trends from 1990 to 2021 (Fig. 2 Tables 2
and 3). The increasing trend was consistent across sexes,
but the degree of increase varied between the sexes. In
1990, ASIR was comparable between sexes; however, in
2021, it increased to 1.70 (1.83-2.34) and 2.12 (1.83-2.34)
in males and females, respectively (from 1.30 [1.20-1.43]
and 1.43 [1.21-1.91], respectively) (Table 4). ASMR and
ASIR trends were broadly similar, with ASMR increas-
ing from 1.50 (1.38-1.66) to 1.67 (1.44—1.86) for males
and from 1.14 (1.04—1.26) to 1.14 (0.96—1.31) for females
(Table 5). Similarly, DALYs increased from 32.57 (29.55—
36.21) in 1990 to 35.83 (30.46-39.98) in 2021 in males
and from 22.89 (22.94-28.15) to 25.04 (20.39-29.10)
in females (Table 6). The MM burden was significantly
higher in males than in females. From the age distribu-
tion, it can be seen that ASIR peaked in the 90-94 age
group, and both ASMR and DALYs increased with age,
with a significantly higher rate of increase in males than
in females.
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Both sexes,All ages,1990,Deaths per 100,000 Both sexes,All ages,2021,Deaths per 100,000

Fig.1 Global distribution of mortality (A) and disability-adjusted life years (DALYs) (B) for multiple myeloma (MM) in 1990 and 2021
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Table 7 Age-specific ASMR, ASIR and DALYs for MM, 1990 and 2021
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Age (years) ASMR (95%UlI) Change ASIR (95%Ul) Change DALYs (95%UI) Change
1990 2021 1990 2021 1990 2021
Over all 1.29 1.37 0.06 1.04 1.89 0.18 21.05 32.89 0.06
(120-139)  (1.22-152)  (-0.03-0.16) (0.98-1.12)  (1.67-2.05)  (0.08-0.28)  (19.53-23.02)  (2877-36.62)  (~0.04-0.16)
20-24 0.02 0.02 0.56 0.02 0.03 0.87 1.04 1.62 0.56
(0.01-0.02) (0.02-0.03) (-0.06-1.14) (0.01-0.02) (0.02-0.04) (0.13-1.60)  (0.83-1.42) (1.09-1.99) (-0.06-1.14)
25-29 0.02 0.04 0.66 0.03 005 094 135 2.24 0.66
(0.02-0.03) (0.02-0.04) 0.16-1.12)  (0.02-0.03) (0.04-0.07) (0.36-148)  (1.09-1.67) (1.53-2.69) 0.16-1.12)
30-34 0.05 0.07 049 0.06 011 0.71 2.76 412 050
(0.04-0.06) (0.05-0.09) (0.15-0.82)  (0.05-0.08) (0.08-0.13) (031-1.08)  (2.27-3.39) (3.03-4.98) (0.16-0.83)
35-39 0.11 0.14 034 0.16 024 053 5.70 7.69 035
(0.09-0.12) (0.11-0.17) (0.11-0.60)  (0.14-0.18) (0.19-0.19) (0.26-0.81)  (4.93-6.66) (5.97-9.38) (0.11-0.60)
40-44 0.26 031 0.19 038 051 033 12.78 15.26 0.19
(0.23-0.30) (0.25-0.38) (0.01-039)  (0.34-0.43) (0.40-0.61) (0.14-053)  (11.18-1453)  (12.02-1854)  (0.01-0.39)
45-49 0.58 061 0.05 084 0.99 0.19 25.26 26.77 0.06
(0.52-0.65) (0.51-0.72) (-0.08-0.21) (0.76-0.92) (0.84-1.14) (005-036)  (22.54-2821)  (2236-31.27)  (-0.08-0.22)
50-54 1.17 1.18 0.00 1.70 1.95 0.14 45.75 46.23 0.01
(1.06-131)  (098-137)  (-0.13-0.15) (156-1.86)  (1.65-2.21)  (0.00-029) (41.50-51.34)  (3856-53.85)  (-0.12-0.15)
55-59 212 2.15 0.02 2.89 333 0.15 7256 7422 0.02
(194-235)  (1.82-248)  (-0.11-0.15) (266-320) (286-3.77)  (0.01-030) (66.12-80.24)  (62.53-8546)  (-0.10-0.16)
60-64 378 3.80 0.01 4.90 554 0.13 111.55 113.10 0.01
(350-4.13)  (331-433)  (-0.10-0.12) (4.58-533)  (488-620)  (0.02-0.26)  (103.29- (98.10-128.71)  (-0.09-0.13)
121.94)
65-69 6.02 5.82 -0.03 7.35 792 0.08 149.84 146.11 -0.02
(5.62-6.53) (5.01-6.64) (-0.14-0.07) (6.86-7.92) (6.88-8.81) (0.65-0.96)  (139.84- (126.07- (-=0.13-0.08)
163.53) 166.57)
70-74 861 9.09 0.06 9.77 11.64 0.19 176.79 18843 007
(8.06-941)  (803-1008) (-0.03-0.15) (9.17-10.53) (1042-1281) (0.09-0.30) (165.71- (166.52~ (-0.02-0.16)
192.88) 209.37)
75-79 12.32 12.89 0.05 13.26 15.50 0.17 202.34 21393 0.06
(11.55-13.10) (11.49-14.12) (-0.05-0.13) (12.46-14.12) (13.85-16.95) (0.07-0.26)  (189.50- (190.23- (—=0.03-0.14)
215.01) 234.97)
80-84 16.15 1743 0.08 15.93 19.03 0.80 208.40 22671 0.09
(1440-17.28) (14.82-19.16) (0.00-0.15)  (14.01-17.05) (15.89-20.83) (0.65-0.0.96) (186.28- (193.13- (0.01-0.16)
223.15) 248.72)
85-89 20.03 2337 0.17 18.07 23.56 0.30 204.96 240.83 0.17
(17.24-21.76) (2598-19.23) (0.09-0.25) (1546-19.75) (19.22-2641) (0.20-040)  (176.40- (19843~ (0.09-0.25)
222.78) 267.98)
90-94 2299 2848 024 18.70 26.27 040 203.55 254.69 025
(18.75-25.39) (22.14-32.07) (0.17-0.30)  (15.12-20.71) (20.54-29.86) (0.31-0.50)  (165.74~ (199.38- (0.18-0.31)
224.98) 287.41)
95+ 2156 2894 0.34 13.83 19.13 038 178.29 236.72 033
(1651-24.22) (21.08-3326) (0.26-040) (10.59-1555) (13.89-21.98) (0.30-0.45)  (136.93- (172.96- (0.25-0.38)
200.81) 272.34)

Overall, from 1990 to 2021, ASMR, incidence, and
DALYs increased across all age groups, but the degree
of change varied in each age group. A high increase was
seen in the 20—44 age group, while the 50—84 age group
exhibited a lower increase. This suggests that the MM
disease burden has increased in the younger population,
while MM in middle-aged and older age groups have
been effectively prevented and controlled (Table 7).

Differences in disease burden in different SDI regions
Joinpoint regression analyses for ASIR of different social
population index regions revealed a significant upward

trend in the MM-associated ASIR from 1990 to 2021.
Although all the social population index regions showed
an increasing trend, the degree of change varied. The
largest change occurred in the middle social population
index (4-43%; 95% UL: 4-33—4-54%, P<0-001), whereas
the smallest change occurred in the low social population
index (1-02%; 95% UI: 0-90-1-13%, P<0-001) (Table 8
and Fig. 3A), Regression analysis of ASMR for different
social population index regions found that from 1990 to
2021, MM-related ASRM showed a significant upward
trend. The magnitude of the increase varied among
groups, with the greatest change occurring in the middle
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Fig.2 Changes in age-standardised incidence rate (ASIR) (A), age-standardised mortality rate (ASMR) (B) and DALYs (C) and the numbers of them

for MM: 1990-2021

social population index (1-91%; 95% UL 1,77-2,05%,
P<0-001), and the smallest was in the high social popula-
tion index region (0.55%; 95% UI: 0.43-0.66%, P<0.001).
(Table 9 and Fig. 3B). An analysis of DALYs also shows
that middle social population index regions had the larg-
est increase (1.90%; 95% UI: 1.78-2.03%, P<0.001), while
high social population index regions showed a downward
trend (-0.51%; 95% UI: —0.63——0.39, P<0.001). (Table 10
and Fig. 3C)The data show that MM is better controlled
in the High area and less well controlled in the middle
social population index area.

Discussion

This study provides an in-depth analysis of the global
burden of MM from 1990 to 2021, focusing on regional,
gender and age differences, which will be useful in guid-
ing public health policy and resource allocation. Mean-
while MM is a serious public health concern worldwide

and imposes a significant financial burden. Data on the
global burden of MM that would inform health policies,
resource allocation, and treatment strategies is lacking.
Therefore, in this study, we analyzed the burden of MM,
from 1990 to 2021, across 204 countries, 16 age groups,
and both sexes. Of note is the innovative time-trend
assessment of the MM burden, which has significant
implications for changes in key years.

In 2021, the global incidence of MM was 119,679,
bringing the total number of cases to 131,040-71 The
observed increase was the highest in high social popula-
tion index countries and may reflect population migra-
tion and birth rate trends; however, these factors require
further investigation. While haematopoietic stem cell
technology and new drug development have increased
the survival rate [14, 15], these observations empha-
sis the need to continuously evaluate and improve pre-
vention and control strategies according to the current
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Table 8 AAPC and APC for ASIR of multiple myeloma, 1990-2021
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ASIR Period APC (95%UI, P<0.001) AAPC (95%Ul, P<0.001)
Global 1990-1992 0.96* (0.13-1.89) 0.55 (0.43-0.66)
1992-1995 2.60%(1.78-3.43)
1995-2000 1.30* (1.05-1.55)
200-2006 —0.03 (1.05-0.16)
2006-2017 0.28%(0.21-0.36)
2017-2021 —0.53* (=0.90- -0.16)
High SDI 1990-1992 1.15%(0.12-2.20) 1.66 (=0.05-0.39)
1992-1995 2.64*(1.61-3.68)
1995-2001 1.00* (0.76-1.24)
2001-2010 —-0.07 (-0.20-0.07)
2010-2013 —0.74 (=2.11-0.64)
2013-2016 0.05 (-1.44-1.56)
2016-2021 —1.63* (=2.00- -1.25)
High-middle SDI 1990-1992 2.71%(1.40-4.04) 2.70(2.51-2.880)
1992-1995 4.05% (2.77-5.35)
1995-1999 3.26%(2.57-3.97)
1999-2006 2.24% (1.99-2.50)
2006-2015 271*(2 53-2.90)
2015-2021 4*(1.77-2.51)
Middle SDI 1990-1992 343%(2.35-4.52) 444 (433-4.54)
1992-1998 6.97* (6.76-7.19)
1998-2007 2.78% (2.68-2.88)
2007-2019 4.77* (4.70-4.83)
2019-2021 3.49% (247-4.53)
Low-middle 1990-1992 2% (0.25-2.60) 1.76 (1.63-1.89)
1992-1997 2.28*(1.92 -2.63)
1997-2006 4% (0.93 -1.16)
2006-2013 3*(1.75 -2.11)
2013-2019 2.72% (248 —2.96)
2019-2021 0.61 (-0.46-1.70)
Low SDI 1990-1994 0.82* (0.56- 1.08) 1.02 (0.90-1.13)
1994-2005 —-0.05 (-0.11 -0.01)
2005-2008 0.95* (0.20-1.70)
2008-2012 5%(1.50 220)
2021-2015 267%(2.02-334)
2015-2019 2.00* (1.68 =2.32)
2019-2021 1.33*(0.67 —=1.99)

" Indicate that the Annual Percent Change (APC) is significantly different from zero at the alpha=0.05 level

population dynamics. With scientific and technological
advancements, industrialization and increased health-
care resources in high social population index regions.
Significant advances have been made in the treatment
of MM, improving the prognosis and quality of life for
patients., while other regions are still growing [16, 17].
The updated IMWG criteria improve MM prognosis
and provides scientific guidelines for myeloma treatment
worldwide. Our study provides a global picture of the dis-
ease burden and its trends in patients with MM, which

helps identify susceptible populations that can be regu-
larly screened to minimize disease progression. Addition-
ally, the life expectancy of patients with MM has rapidly
increased worldwide, especially in high social population
index regions.

The Joinpoint regression analysis revealed that ASIR,
ASMR, and DALYs increased yearly from 1990 to 2021,
but the degree of increase varied in different social pop-
ulation index regions. DALYs were associated with the
most significant difference: in the high social population
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index region, DALYs levelled off between 2002 and
2009, increased between 2009 and 2017, and then lev-
eled off after 2017. During which global policies and
MM management were strengthened. Currently, the
MM treatment process typically includes induction ther-
apy, consolidation therapy, and maintenance/extended

Page 14 of 18

Global High-SDI

yor o

High middle-SDI Middle-SDI

,/'

~ Low middle-SDI Low-SDI

therapy. The specific drugs and regimens used in each
phase of treatment may vary depending on the patient’s
age, overall functional status, health and disease charac-
teristics, and ability to receive high-dose chemotherapy
and hematopoietic stem cell transplantation (HSCT)
[18]. Meanwhile, the development of immunomodulatory
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Table 9 AAPC and APC for ASMR of multiple myeloma, 1990-2021

Page 150f 18

Location Period APC (95%UI,P<0.001) AAPC (95%UI1,P<0.001)
Global 1990-1992 0.72 (-0.06-1.51) 0.20* (0.09-0.31)
1992-1995 1.78% (1.00-2.57)
1995-2001 0.75*(0.57-0.92)
2001-2007 —0.94* (=1.11- =0.76)
2007-2018 0.22%(0.15-0.29)
2018-2021 —0.60* (=1.14- —0.06)
High SDI 1990-1992 0.96% (0.13-1.80) 0.55* (0.43-0.66)
1992-1995 2.60% (1.78-3.43)
1995-2000 1.30* (1.05-1.55)
2000-2006 —0.03 (-0.21-0.16)
2006-2017 0.28*(0.21-0.36)
2017-2021 —-0.53 (-0.90- -0.16)
High-middle SDI 1990-2000 1.84* (1.72-1.96) 0.68* (0.57-0.79)
2000-2007 —-0.07 (-0.33-0.20)
2007-2015 0.51%(0.28-0.75)
2015-2021 —0.14 (-0.50-0.23)
Middle SDI 1990-1992 1.46% (0.36-2.57) 1.91%(1.77-2.05)
1992-1997 5.34* (5.02-5.66)
1997-2000 1.72%(0.79-2.65)
2000-2007 0.40* (0.24-0.55)
2007-2019 1.76* (1.70-1.82)
2019-2021 0.46* (-0.56-1.49)
Low-middle 1990-1993 1.52* (1.02-2.03) 1.58* (1.46-1.71)
1993-1996 2.66* (1.68-3.64)
1996-2006 0.96 (0.88-1.04)
2006-2012 1.57* (1.36-1.77)
2012-2019 241%(2.25-2.56)
2019-2021 0.34 (-0.57-1.27)
Low SDI 1990-1994 0.87*%(0.59-1.16) 0.93* (0.80-1.05)
1994-2005 —0.10* (=0.17- —0.04)
2005-2008 0.83*(0.01-1.65)
2008-2012 1.73%(1.35-2.11)
2012-2015 2.67*(1.96-3.39)
2015-2019 1.76* (1.42-2.10)
2019-2021 1.02*(0.31-1.74)

drugs, proteasome inhibitors and monoclonal antibodies
over the past 20 years has significantly changed the treat-
ment paradigm for newly diagnosed multiple myeloma
[19]. Effective diagnosis and treatment of MM and its
complications may be directly responsible for the slowed
growth of DALYs.

The significant sex differences in patients with MM
may be related to genetic, social, cultural, and biological
factors. A higher burden of disease is observed in men
than in women. The main reason is that they may have
healthier attitudes and behaviors and are more likely to
adopt behaviors that are good for muscle health after

improved treatment. Male patients may also have comor-
bidities at the time of diagnosis and Male patients may
have more complications at the time of MM diagnosis,
which potentially contributes to their lower survival rates
[20]. MM prevalence is particularly high among first-
degree relatives [21, 22].

As with other GBD studies, this study has some limita-
tions. First, the GBD database relies on disease registries,
death reports, and literature data from countries around
the world, but many low- and middle-income coun-
tries lack well-established cancer registries, resulting in
incomplete data on incidence and mortality of multiple
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Table 10 AAPC and APC for DALYs of multiple myeloma, 1990-2021
Location Period APC (95%UI,P<0.001) AAPC (95%UI,P<0.001)
Global 1990-1992 0.64 (-0.15-1.43) 0.18*(0.08-0.29)
1992-1995 1.86* (1.12-2.61)
1995-2000 0.74%(0.50-0.98)
2000-2008 —0.71%(—0.82- —0.60)
2008-2018 0.23%0.14-0.31)
2018-2021 —0.43(-0.99-0.13)
High SDI 1990-1995 1.17*(0.93-1.42) -0.51(-0.63--0.39)
1995-2002 —0.04(-0.24-0.17)
2002-2009 —1.40%(-1.64--1.16)
2009-2016 —0.55%(~0.84- —0.26)
2016-2021 —1.52%(=1.95--1.08)
High-middle SDI 1990-1992 1.11*(0.37-1.86) 0.55%(042-0.67
1992-1995 2.27*(1.54-3.00)
1995-2000 1.25*%(1.00-1.51)
2000-2006 —0.33%(-0.52- -0.14)
2006-2019 0.43%(0.38-0.49)
2019-2021 —0.90(-2.14-0.37)
Middle SDI 1990-1992 1.55%(0.57-2.53) 1.90%(1.78-2.03)
1992-1997 5.36%(5.07-5.64)
1997-2000 1.75%(0.93-2.59)
2000-2007 0,22*(0 09-0. 36)
2007-2019 1.77*(1.7 83)
2019-2021 0.75(70‘1 6-1 .67)
Low-middle SDI 1990-1998 1.80*(1.68-1.91) 1.55%(1.47-1.64)
1998-2006 0.87%(0.74-0.99)
2006-2013 1.60%(1.44-1.76)
2013-2018 2.54*(2.22-2. 86)
2018-2021 1.01%(0.50-1.52)
Low SDI 1990-1995 0.60*(0.40-0. 81) 0.83*(0.70-0.96)
1995-2005 —-0.18* (-0.26- —0.10)
2005-2008 0.67(-0.15-1.49)
2008-2012 1.57*(1.18-1.95)
2012-2015 2.27*(1.54-3.02)
2015-2019 1.82*(1.47-2.18)
2019-2021 1.16* (0.42-1.90)

myeloma (especially underreporting or misdiagnosis of
early-stage cases), which affects the accuracy and com-
parability of the data. Second, the GBD database uses
Bayesian modeling to fill in missing data, but estimates
for rare diseases (e.g., MM) may be subject to greater
uncertainty due to insufficient sample sizes, especially
when subgroup analyses (e.g., by age, sex, and region) are
performed with wide confidence intervals. Third, MM
exists in different molecular subtypes (e.g., IgG-type,
light-chain type), which have significant differences in
clinical progression and prognosis, but the GBD does not
provide subtype-level analysis of disease burden. Fourth,

indicators such as the standardized mortality ratio and
mortality rate are only used to make reasonable com-
parisons of morbidity and mortality rates between dif-
ferent populations or regions, and do not reflect the true
level. DALYs also have many shortcomings. For example,
the current calculation of DALYs focuses on the loss of
healthy life years due to premature death and disability,
but does not take into account the burden of disease on
individuals, families, and society. Fifth, GBD and Join-
point are promarily used to describe trends and do not
directly explain the causes of change (e.g., the impact of
advances in treatment,aging or environmental factors).
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Nonetheless, this study provides a comprehensive view
of the global, regional, and national MM burden from
1990 to 2021 and these findings provide valuable epide-
miological information for the development of innovative
treatments, while emphasizing the need for continuous
improvement. There are significant differences in the
burden of MM worldwide, and concerted global efforts
are needed to strengthen medical care and cooperation
between different regions, improve diagnosis and treat-
ment of MM, and reduce the disease burden on patients,
society and countries. Further research is needed to
determine the reasons for the observed differences in dis-
ease burden.

Conclusions

This study provides a new basis for long-term trends in
global MM morbidity and mortality. Although MM is
more common in high SDI, it is a global disease. From
1990-2021, there are a large number of MM cases world-
wide, mainlyconcentrated in high SDI areas,among
men,and among older patients. Over the past tree dec-
ades, the global burden of MM has generally been on
the rise and there is a significant gender difference in the
burden of MM, with a higher burden in males than in
females.Age is also an important factor, with elderly peo-
ple at higher risk. Therefore, there is a need for increased
knowledge and education and targeted interventions to
reduce the burden of MM.
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