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Abstract
Objective This study evaluates the long-term trends in Multiple Myeloma (MM) incidence, mortality, and Age-Period-
Cohort (APC) effects in the BRICS nations (Brazil, Russia, India, China, and South Africa).

Methods Data on age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), and 95% 
uncertainty intervals (UIs), were obtained from the Global Burden of Disease Study 2021. Joinpoint regression model 
was used to estimate the average annual percentage change (AAPC) and annual percentage change (APC) trends 
from 1992 to 2021, and the Age-Period-Cohort model evaluated nonlinear impacts of age, period, and cohort effects. 
Projections to 2046 were calculated using Bayesian APC modeling.

Results From 1992 to 2021, MM incidence and death cases in the BRICS nations increased nearly four to fivefold, 
with ASIR and ASMR nearly doubling. China and India had lower ASIR and ASMR than other BRICS countries despite 
accounting for over half of cases and deaths. South Africa consistently had the highest ASIR and ASMR in both 1992 
and 2021. China experienced a significant increase in ASIR (AAPC 4.92%, p < 0.001) and ASMR (AAPC 4.07%, p < 0.001) 
over the past three decades. MM incidence and mortality increased with aging, and the age effect on MM was more 
pronounced among individuals aged greater than 40 years. Birth cohorts’ impact on MM varied greatly between 
BRICS, with China suffering the largest risk increase among those born after the 1970s. Projections indicate ASIR and 
ASMR will reach 2.44 and 1.82 per 100,000 by 2046, continuing to rise across the BRICS nations.

Conclusions MM burden is rapidly increasing in the BRICS, closely tied to population aging. Targeted strategies 
addressing each country’s unique challenges are essential as the burden continues to grow.
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Introduction
Multiple myeloma (MM) is a hematological malignancy 
characterized by the proliferation of clonal plasma 
cells within the bone marrow, leading to anemia, bone 
destruction, hypercalcemia, and renal failure [1]. The 
global incidence of MM is 4.5–6 cases per 100,000 indi-
viduals annually [2]. From 1990 to 2016, the incidence 
increased by 126% globally, with growth rates ranging 
from 106 to 192% across all Socio-Demographic Index 
(SDI) quintiles: income per capita, educational attain-
ment, and fertility rate indicators [3]. The disease is more 
prevalent in individuals over 60 years old, males, Black 
individuals, and those with a family history of MM [4, 5]. 
In the United States, about 3–5% of individuals over 65 
years old, with a life-long incidence rate of 1% per year [6, 
7]. The age-standardized incidence rate (ASIR) and age-
standardized mortality rate (ASMR) have risen in all SDI 
quintiles except the low SDI quintile, with the most sig-
nificant increases observed in middle SDI countries, and 
the highest ASIR and ASMR found in high SDI countries 
[3].

The acronym “BRICS” refers to five countries includ-
ing Brazil, Russia, India, China, and South Africa, rep-
resenting emerging economies characterized by rapid 
economic growth and large populations, collectively 
accounting for 42% of the world’s population and about 
25% of the global economy [8, 9]. Despite rapid socio-
economic development and improvements in healthy life 
expectancy (HALE), BRICS countries face substantial 
challenges, including environmental pollution, unequal 
distribution of healthcare resources, and an increas-
ing burden of noncommunicable diseases [10, 11]. Can-
cer incidence has increased by 28% over the past three 
decades, while 71% of all deaths in the middle- and low-
income countries are related to non-communicable dis-
eases. The BRICS nations shoulder a disproportionate 
share of this burden, particularly for cancers linked to 
aging and lifestyle transitions. However, epidemiological 
research on MM in these emerging economies remain 
lacking. Given the particular demographic change and 
healthcare challenges within BRICS nations, it may be 
particularly important for trends and future forecasts on 
MM in these countries to provide important evidence for 
the adaptation of public health strategies.

This research uses data from the Global Burden of 
Disease Study (GBD) to analyze the long-term trends 
of MM incidence and mortality across BRICS countries 
from 1992 to 2021, with projections extending to 2046. 
By evaluating age, period, and cohort effects on MM epi-
demiology using age-period-cohort (APC) model, we aim 
to enhance understanding of MM trends in developing 
regions and support the formulation of targeted strate-
gies for MM prevention, diagnosis, and management.

Methods and materials
Data source
This study utilized data on MM in BRICS nations, 
derived from the GBD 2021 study ( h t t p  s : /  / v i z  h u  b . h  e a l  t 
h d a  t a  . o r g / g b d - r e s u l t s /). The GBD 2021 database,  m a n 
a g e d by the Institute for Health Metrics and Evaluation 
(IHME) at the University of Washington, provides a com-
prehensive analysis of the prevalence, incidence, mortal-
ity rates, disability-adjusted life years (DALYs), years lived 
with disability (YLDs), and years of life lost (YLLs) across 
371 diseases in 204 countries and territories from 1990 
to 2021. Data cleaning and bias adjustments followed 
GBD 2021 methodology [12]. Data quality verification 
involved age-sex splitting, systematic outlier detection 
based on the median absolute deviation and spatiotem-
poral smoothing using Gaussian Process Regression (ST-
GPR). Known biases due to differential case definitions 
or measurement were systematically corrected through 
Bayesian meta-regression with regularization and trim-
ming (MR-BRT).

In this study, “Global”, “Brazil”, “Russia”, “India”, “China”, 
and “South Africa” were chosen from the database as the 
location, “multiple myeloma” for the cause, and “inci-
dence” and “death” for measures, to explore the demo-
graphic and social impact of age, period, and cohort 
on MM in BRICS. ASIR, ASMR, and 95% uncertainty 
intervals (UIs) were calculated on the basis of GBD 2021 
global age-standard population. The absolute numbers 
and crude rates of MM incidence and mortality were 
also extracted by sex and age. Data on multiple myeloma 
(MM) from 5,119 sources were included in the Global 
Burden of Disease (GBD) 2021 study ( h t t p  s : /  / g h d  x .  h e 
a  l t h  d a t a  . o  r g /  g b d  - 2 0 2  1 /  s o u r c e s). Among BRICS, South 
Africa contributed the fewest sources (20) and the small-
est number of metadata rows (31440).

Joinpoint regression analysis
To evaluate the temporal trends in MM incidence and 
mortality during this the study period, the joinpoint 
regression analysis was performed to break the secular 
trend line into multiple statistically significant sections 
through model fitting. Annual percent changes (APCs) 
were calculated for each identified trend segment. Posi-
tive values indicate an increasing trend, while negative 
values signify a decreasing trend. Direction and magni-
tude changes in incidence and mortality were derived 
using the Average Annual Percent Changes (AAPCs) 
and 95% confidence intervals (CIs) for the most recent 
decades. An AAPC or APC greater than 0, with a 95% CI 
entirely above 0, indicates a significant increasing trend. 
An AAPC or APC below 0, with a 95% CI entirely below 
0, indicates a significant decreasing trend. If the AAPC or 
APC includes 0 within its 95% CI, the rate is stable over 
time.

https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
https://ghdx.healthdata.org/gbd-2021/sources
https://ghdx.healthdata.org/gbd-2021/sources
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Age-period-cohort analysis
Age-period-cohort (APC) analysis was conducted to 
assess the effect of age, period, and cohort on the inci-
dence and mortality of MM among males and females 
across the BRICS countries. The main problem with APC 
modeling is collinearity because cohort effects are intrin-
sically associated with period and age (cohort = period - 
age). We applied the intrinsic estimator algorithm, which 
has been proven to provide estimable, unbiased, effi-
cient, and asymptotic normal parameters. The model is 
expressed as:

 Y = log(M) =µ + αAgei + βperiodi + γcohorti + ε

where α, β, and γ represent the age, period, and cohort 
effects, respectively. Specifically, α denotes the risk asso-
ciated with a given age group, β reflects temporal varia-
tions in risk, γ captures cohort-specific risk patterns, 
and i for the age group (i = 20–24, 25–29, 30–34,.,85–89, 
90–95). µ is the intercept, and ε represents the random 
error term [13].

In the APC model, net drift represents the over-
all annual percentage change, while local drifts indi-
cate annual percentage changes for each age group. The 
annual change of MM incidence and mortality was cal-
culated for 15 age groups (20–24, 25–29, 30–34,…,85–89, 
90–95) with 5-year intervals. The diagnostic period was 
divided into six consecutive time periods from 1992 to 
1996 to 2017–2021, with 2002–2006 as the reference 
period. Incidence, mortality, and population counts 
were based on the mid-year of the six time points (1994, 
1999,…, 2019) instead of the average of the 5-year peri-
ods, to represent each specific period.

Bayesian age-period-cohort model (BAPC)
A Bayesian age-period-cohort (BAPC) model was 
employed to predict the progression of MM mortal-
ity and incidence through 2046, based on the historical 
records. The BAPC analysis assumed that the effects of 
age, period, and cohort that are adjacent in time are simi-
lar, using a second-order random walk to smooth priors 
for age, period, and cohort effects. This approach was 
used to project posterior incidence and mortality rates. 
To avoid the mixing and convergence issues typically 
associated with Markov chain Monte Carlo (MCMC) 
sampling techniques traditionally used in Bayesian 
approaches, integrated nested Laplace approximations 
(INLA) were introduced in the BAPC model to approxi-
mate the marginal posterior distributions, offering bet-
ter coverage and precision compared to other prediction 
methods [14].

Statistical analysis
Statistical descriptions and analyses of the incidence and 
mortality cases were conducted using the R software 
(4.2.1). The joinpoint regression analysis was performed 
with the Joinpoint Regression Program from the Surveil-
lance Research Program of the US National Cancer Insti-
tute. Estimated parameters were obtained through the 
APC web tool ( h t t p  s : /  / a n a  l y  s i s  t o o  l s . c  a n  c e r . g o v / a p c /)  p r o 
v i d e d by the National Cancer Institute. Wald chi-square 
tests were used to assess the significance of the functions 
and estimable parameters. The BAPC analysis was per-
formed using R-package BAPC [15] were generated with 
the R-package ggplot2 [16]. All statistical tests were two-
sided, with p < 0.05 considered statistically significant.

Results
Time trends of MM incidence and mortality in BRICS
Tables  1 and 2, and Fig.  1 illustrate the trends in MM 
incidence and mortality across BRICS countries from 
1992 to 2021. During this period, the number of global 
MM incident cases increased substantially, from 59,535 
(95% UI, 55,562 − 63,702) in 1992 to 148,755 (95% UI, 
131,780 − 162,049) in 2021. Similarly, global deaths 
increased from 50,567 (95% UI, 47,086 − 54,583) to 
116,360 (95% UI, 103,079–128,471). In 1992, the global 
MM ASIR and ASMR were 1.5006 per 100,000 and 
1.3109 per 100,000, respectively. By 2021, these rates had 
shown a modest increase to 1.7401 per 100,000 for ASIR 
and 1.3749 per 100,000 for ASMR.

In 2021, the BRICS nations collectively accounted for 
27.3% of global MM incidence cases and 28.7% of global 
deaths. Specifically, within the BRICS consortium, 40,545 
MM cases were recorded in 2021, representing a fivefold 
increase compared to 1992. Meanwhile, the number of 
deaths increased fourfold, reaching 33,388 in 2021. The 
ASIR experienced a significant increase, doubling from 
0.5059 per 100,000 in 1992 to 1.0534 per 100,000 in 2021, 
while the ASMR followed a similar upward trajectory, 
rising from 0.4810 to 0.8808 per 100,000 over the same 
period across the BRICS countries. India had the highest 
incidence and mortality cases among the BRICS nations 
in 1992. However, by 2021, China had surpassed India 
in both metrics. Despite accounting for over half of the 
MM cases and deaths within the BRICS, China and India 
reported lower ASIR and ASMR compared to the other 
countries. Throughout the study period, China consis-
tently maintained the lowest ASIR (0.2054 to 0.8112 
per 100,000) and ASMR (0.1994 to 0.6168 per 100,000). 
Conversely, South Africa, despite having the fewest cases 
and deaths, consistently exhibited the highest ASIR and 
ASMR within the BRICS, leading in both 1992 and 2021.

https://analysistools.cancer.gov/apc/
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Joinpoint regression of MM in BRICS
We analyzed the age-standardized trends of ASIR and 
ASMR for MM in BRICS countries from 1992 to 2021 
using joinpoint regression analysis. As shown in Tables 1 
and 2, the overall trends of both ASIR and ASMR for MM 
increased during this period. China experienced a signifi-
cant increase in ASIR (AAPC 4.92%, 95% CI: 4.28–5.57%, 
p < 0.001) and ASMR (AAPC 4.07%, 95% CI: 3.21–4.93%, 
p < 0.001).

From 1992 to 2021, China’s ASIR for MM exhibited a 
marked upward trend during 1992–1995 (APC 20.42%, 
95% CI: 17.09–23.85%, p < 0.001), while Brazil experi-
enced the most substantial decrease during 1992–2002 
(APC − 1.27%, 95% CI: -1.62% to -0.92%, p < 0.001). ASIR 
varied significantly across BRICS (Fig.  2 and Table  1), 
with China showing both the highest and lowest APCs 
of ASIR. In Russia, the ASIR of MM initially declined 

before later rising. India consistently showed an increas-
ing ASIR, with the highest APC during 1992–1995 (max 
APC = 3.87%, 95% CI: 2.55–5.21%, p < 0.001). South 
Africa exhibited an upward trend in the early years, with 
no significant changes observed after 2015.

ASMR trends largely mirrored those of ASIR, with 
China showing the most significant increase dur-
ing 1992–1995 (APC 20.13%, 95% CI: 15.57–24.86%, 
p < 0.001) and a non-significant decrease during 2001–
2004 (APC − 3.8%, 95% CI: -7.82–0.40%, p = 0.07). In 
India, ASMR consistently increased, with the highest 
APC during 1992–1995 (APC 4.28%, 95% CI: 2.80–5.77%, 
p < 0.001) (Fig. 3 and Table 2).

Net drift and local drift in different age groups
Figure 4 provides a detailed analysis of the net and local 
drifts in MM incidence and mortality across BRICS 

Table 1 Characteristics of MM incidence and its trends across BRICS countries from 1992 to 2021
1992 2021 1992–2021
Case ASIR/100,000 Case ASIR/100,000 AAPC (95%CI) P

Brazil Both 1293.60 1.3441 5332.10 2.1137 1.65 (1.17, 2.15) 0.000
Male 622.96 1.3829 2652.98 2.3500 1.90 (1.44, 2.36) 0.000
Female 670.64 1.3096 2679.12 1.9266 1.36 (0.97, 1.75) 0.000

Russia Both 2219.85 1.1589 4349.70 1.8061 1.63 (1.10, 2.16) 0.000
Male 987.25 1.4109 1769.06 1.8862 1.09 (0.74, 1.45) 0.000
Female 1232.60 1.0342 2580.64 1.7540 1.78 (1.57, 1.99) 0.000

India Both 2910.64 0.5990 12588.15 1.0647 2.04 (1.83, 2.45) 0.000
Male 1739.52 0.6967 7320.84 1.2928 2.16 (1.91, 2.41) 0.000
Female 1171.12 0.4976 5267.31 0.8599 1.93 (1.69, 2.18) 0.000

China Both 1862.12 0.2054 17249.51 0.8112 4.92 (4.28, 5.57) 0.000
Male 1026.47 0.2379 10771.75 1.0632 5.31 (5.00, 5.62) 0.000
Female 835.65 0.1799 6477.76 0.5893 4.15 (3.72, 4.58) 0.000

South Africa Both 327.36 1.4680 1025.51 2.1768 1.36 (0.95, 1.78) 0.000
Male 162.43 1.7036 506.58 2.5572 1.40 (0.88, 1.93) 0.000
Female 164.93 1.2948 518.92 1.9183 1.34 (1.08, 1.59) 0.000

Table 2 Characteristics of MM mortality and its trends across BRICS countries from 1992 to 2021
1992 2021 1992–2021
Deaths ASMR/100,000 Deaths ASMR/100,000 AAPC (95%CI) P

Brazil Both 1175.21 1.2556 4517.35 1.8099 1.37 (0.83, 1.91) 0.000
Male 573.02 1.3129 2285.11 2.0705 1.56 (1.15, 1.97) 0.000
Female 602.19 1.2048 2232.24 1.6057 1.04 (0.64, 1.45) 0.000

Russia Both 1857.43 0.9745 3325.89 1.3701 1.14 (0.86, 1.42) 0.000
Male 821.85 1.2270 1341.87 1.4610 0.66 (0.34, 0.97) 0.000
Female 1035.58 0.8577 1984.03 1.3140 1.43 (1.22, 1.63) 0.000

India Both 2830.82 0.6071 11634.79 1.0138 1.83 (1.60, 2.06) 0.000
Male 1688.70 0.7082 6748.77 1.2404 1.99 (1.65, 2.33) 0.000
Female 1142.13 0.5034 4886.02 0.8154 1.72 (1.43, 1.99) 0.000

China Both 1741.45 0.1994 12984.05 0.6168 4.07 (3.21, 4.93) 0.000
Male 944.01 0.2309 7792.86 0.7915 4.34 (4.04, 4.65) 0.000
Female 797.44 0.1761 5191.19 0.4707 3.48 (2.95, 4.01) 0.000

South Africa Both 310.41 1.4321 925.95 2.0330 1.21 (0.78, 1.64) 0.000
Male 152.33 1.6672 453.13 2.4127 1.27 (0.85, 1.69) 0.000
Female 158.08 1.2638 472.82 1.7843 1.25 (1.00, 1.51) 0.000
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nations, as defined by annual percentage changes. The 
net drift, depicted by dotted lines in Fig. 4, corresponds 
to the annual changes in age-adjusted rates, while the 
local drift, depicted by curves, represents changes in age-
specific rates for different age groups in each country.

For MM incidence, China exhibited the fastest annual 
increase (3.63%, 95% CI: 3.47–3.80%) among all BRICS 
countries. The overall net drift was comparable in Bra-
zil, India, South Africa, and Russia (Supplementary Table 
S1), indicating a substantial increase in MM incidence 
over the study period. In China, incidence increased 
more sharply in males (4.29%, 95% CI: 4.06–4.51%) com-
pared to females (2.70%, 95% CI: 2.45–2.95%). Nota-
bly, younger age groups in Russia were the exception to 
the rising trend observed across all other age groups. In 
China, local drifts for those aged 20 to 44 exceeded the 
net drift, suggesting a trend toward earlier onset of MM. 
Conversely, Russia appeared a notable rise in local drift 
among individuals aged 66 to 95 (Fig. 4 and Supplemen-
tary Table S1).

Regarding MM mortality, China again led with the 
highest annual increase (2.54%, 95% CI: 2.36–2.72%). 
The net drifts were comparable in Russia, India, and 
South Africa, while Brazil recorded the lowest net drift 
(0.84%, 95% CI: 0.51–1.18%) (Supplementary Table S2). 
Local drifts across China, South Africa, Brazil, and India 
were all above zero, indicating worsening MM mortal-
ity. Russia experienced the most significant reduction in 
mortality among those aged 20 to 40, whereas the fast-
est increases were seen in Chinese teenagers and elderly 

Russians (Fig. 4 and Supplementary Table S2). The rate of 
mortality increased in Russian females over 75 was nota-
bly lower than in males.

APC effects in BRICS
In Figs. 5 and 6, the estimates of age, period and cohort 
effects on MM incidence and mortality, revealing fluc-
tuating trends among BRICS populations. The age effect 
showed a general upward trend in MM incidence and 
mortality with advancing age across BRICS countries, 
with the most pronounced increases observed in Brazil 
and South Africa, where the age effect accelerates signifi-
cantly in the older population. In contrast, Russia exhib-
its a notable decrease in MM incidence and mortality 
among the elderly, suggesting a significant reduction in 
MM risk and mortality in this age group.

Improvements in MM incidence and mortality related 
to the period effect was observed only in the early period 
in Russia and the late period in South Africa. In Russia, 
the period effect decreased before 2002 but increased 
rapidly after 2006. In South Africa, the trends remained 
nearly stable throughout the study period. In India, the 
trends stabilized from 1992 to 2006 but began rising 
again after 2006. In China, the period effects showed 
improvement during 2002–2006, while the rest of the 
past two decades exhibited an adverse trend.

In China, the incidence and mortality rate ratios surged 
in cohorts born after 1952. In contrast, Russia saw a 
mild decline in these ratios among birth cohorts from 
1982 onward. In India, South Africa, and Brazil, the 

Fig. 1 Total incidence and death cases, incidence rate, death rate, ASIR and ASMR of MM across BRICS countries between 1992 and 2021. Note: ASIR: 
the age-standardized incidence rate; ASMR: age-standardized mortality rate; MM: Multiple Myeloma; BRICS: Brazil, Russia, India, China, and South Africa
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rate ratios of MM incidence and mortality experienced 
mild increases over time. However, favourable improve-
ments were observed in older cohorts across India, South 
Africa, China, and Brazil.

BAPC of MM in BRICS
To predict future trends in the disease burden of MM 
across BRICS in the coming years, BAPC analysis was 
conducted, with the results summarized in Fig. 7. Gener-
ally, the ASIR and ASMR in 2046 are predicted to be 2.44 
per 100,000 and 1.82 per 100,000, respectively, continuing 

Fig. 2 Trends in ASIR of MM across the BRICS countries from 1992 to 2021. Note: ASIR: the age-standardized incidence rate; MM: Multiple Myeloma; BRICS: 
Brazil, Russia, India, China, and South Africa
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Fig. 3 Trends in ASMR of MM across the BRICS countries from 1992 to 2021. Note: ASMR: the age-standardized mortality rate; MM: Multiple Myeloma; 
BRICS: Brazil, Russia, India, China, and South Africa
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to rise across the BRICS nations. In Fig. 7, the ASIR and 
ASMR of South Africa are expected to show a continu-
ous downward trend, while the rates in the other BRICS 
countries are projected to rise. Compared to 2021, India’s 
ASIR and ASMR are predicted to increase by 54.1% and 
34.8%, respectively, by 2046. In contrast, Brazil’s ASMR is 
expected to see the smallest increase, at just 2.7%.

Discussion
This study highlights the epidemiological landscape of 
MM across the BRICS nations, showing disparities in 
incidence and mortality from 1992 to 2021. BRICS coun-
tries accounted for a substantial proportion of global 
MM cases and deaths. During this period, MM inci-
dence and mortality cases in the BRICS nations increased 
nearly four to fivefold, with the ASMR and ASIR of MM 
nearly doubled, considerably higher than the global rates. 
Factors driving this rapid increase warrant further inves-
tigation. Age-period-cohort analysis showed that MM 
incidence and mortality rose with age, especially among 
those over 40. Higher MM risks were observed in recent 
decades, particularly in China’s later birth cohorts (post-
1970s). Both global and BRICS data indicated a growing 
MM burden since 1992, projected to continue increasing.

Our study shows that China and India, despite having 
over half of BRICS MM cases and deaths due to large 
populations, have lower ASIR and ASMR than other 
BRICS nations, aligning with global data indicating 
lower MM incidence in Asians [17]. Over the past three 
decades, South Africa consistently recorded the highest 

ASIR and ASMR among the BRICS. Given that 80% of 
South Africa’s population is Black, which corresponds to 
global patterns showing a higher MM incidence among 
Blacks [18], underscoring the influence of sociocultural 
and environmental factors [19]. Recent evidence sug-
gests that MM incidence rates are increasing in some 
Asian countries such as South Korea and Taiwan [20, 21]. 
Our findings also showed a rapid rise in the incidence 
and mortality of MM both in China and India, likely 
connected with aging populations, changing lifestyles, 
and healthcare practices [20, 21]. The limited availabil-
ity of new therapies in South Africa’s public health sec-
tor reflects broader challenges faced by many emerging 
economies in providing advanced care for MM patients 
[22]. Racial and economic disparities in BRICS countries 
may affect health equity [23, 24]. COVID-19 did not sig-
nificantly impact MM ASIR and ASMR in 2020–2021, 
consistent with research showing stable age-standardized 
MM death rates during the pandemic [25]. Though some 
studies report a decline in incidence due to disruptions 
in diagnosis and treatment [26–28], highlighting the need 
for further data to confirm these trends.

APC analysis shows that MM incidence and mortality 
increase with age across BRICS countries, rising after age 
40 and peaking between 70 and 80. This trend is consis-
tent with both developed (such as the US, Canada, and 
New Zealand) and developing nations [29–32]. How-
ever, Russia shows a less pronounced increase with age. 
Notably, Brazil and South Africa showed a continuously 
increasing MM risk among individuals in their 80s and 

Fig. 4 Local drift with net drift values for MM incidence (A) and mortality (B) and gender difference in BRICS from 1992 to 2021. Note: MM: Multiple 
Myeloma; BRICS: Brazil, Russia, India, China, and South Africa
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older, likely influenced by socioeconomic constraints and 
higher rates of delayed MM diagnosis [5, 33]. Limited 
access to modern therapies like ASCT and bortezomib 
in public hospitals further impacts treatment outcomes 
[34]. Moreover, the elderly have poorer tolerance to anti-
tumor therapies and are more susceptible to treatment-
induced toxicities, leading to poorer prognoses [35].

MM is rare in the pediatric population, with less than 
0.3% of cases diagnosed before age 30 [36], consistent 
with our findings of low MM incidence and mortal-
ity in younger generations. However, rising trends were 
observed in China and Brazil, particularly in China’s later 
birth cohorts (post-1970s), especially in males. Improve-
ments in medical infrastructure and reporting accuracy 
in China may contribute to the higher reported rates of 
MM in newer generations [37]. This could potentially 
inflate the perceived risk in newly born populations, 
especially with the expansion of health insurance since 

the mid-20th century [38]. Higher APC effects on inci-
dence and mortality were observed in Chinese males. In 
addition to genetic and hormonal factors, gender dis-
parities in lifestyle and occupational exposure, such as 
radiation, chemicals, air and water pollution [39], likely 
contribute to the rising MM risk among males [40]. A 
similar trend has been reported in other Asian countries, 
such as Korea [20], Taiwan [21], and Singapore [19].

The predicted trends for MM incidence and mortality 
showed an upward trajectory across BRICS countries, 
correlating with rising life expectancy in these nations 
and suggesting an escalating burden of MM as popula-
tions age. South Africa is an exception, with HALE lim-
ited due to economic challenges, institutional reforms, 
and the ongoing public health crisis of HIV/AIDS [41, 
42]. Limited medical resources are a key challenge. In 
other BRICS countries, especially India, where life expec-
tancy has risen [12, 43], the predicted MM burden also 

Fig. 5 The age, period, and cohort effects on MM incidence across BRICS countries. Note: MM: Multiple Myeloma; BRICS: Brazil, Russia, India, China, and 
South Africa
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Fig. 7 Trends in MM incidence and mortality in BRICS with observed (dashed lines) and predicted (solid lines) data from 1992 to 2046. Note: MM: Multiple 
Myeloma; BRICS: Brazil, Russia, India, China, and South Africa

 

Fig. 6 The age, period, and cohort effects on MM mortality across BRICS countries. Note: MM: Multiple Myeloma; BRICS: Brazil, Russia, India, China, and 
South Africa
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shows a notable increase. Addressing this anticipated 
challenge requires targeted and tailored policy inter-
ventions, including enhanced early diagnosis programs, 
strengthened healthcare infrastructure, equitable access 
to advanced therapeutic options, and public health strat-
egies focused on managing risk factors related to aging 
and changing lifestyles.

This study has several limitations. First, the GBD 
study relies on secondary data from various administra-
tive records, which may introduce biases when compar-
ing data across regions. Second, APC analyses primarily 
rely on raw data. In low-resource countries with weaker 
healthcare infrastructure, limited diagnostic and screen-
ing capabilities may lead to an underestimation of MM 
incidence and mortality. The scarcity of data from South 
Africa in GBD2021 further increases uncertainty in trend 
interpretation. Finally, the analysis does not differenti-
ate between MM subtypes, such as MGUS, smoldering 
multiple myeloma (SMM), and active multiple myeloma 
(aMM), each of which may have distinct pathogenesis 
and environmental risk factors. Further research should 
investigate or incorporate existing studies on these MM 
subtypes.

Conclusion
In conclusion, this study revealed a nearly four- to five-
fold increase in MM incidence and mortality in the 
BRICS nations over the past 30 years. The burden of MM 
varies across these countries, with significant disparities 
influenced by aging populations, socioeconomic fac-
tors, and access to healthcare. APC analysis highlights a 
pronounced age and cohort effect, projecting continued 
increases in incidence and mortality by 2046. Addressing 
this growing burden requires targeted, country-specific 
interventions tailored to distinct epidemiological and 
healthcare challenges within each BRICS nation.
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