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Abstract: Malignant melanoma is a highly fatal disease closely associated with sex hormones. This study aimed to
evaluate the global burden and trends of malignant melanoma based on menopausal status. Data on the preva-
lence, disability-adjusted life years (DALYs), and mortality of malignant melanoma were obtained from the Global
Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021. Age 55 was used as a threshold for menopausal
status to assess global, regional, and national trends in disease burden among women. In 2021, the age-standard-
ized prevalence rate (ASPR) of malignant melanoma was higher in women than men under 55 years but lower in
women over 55 years. From 1990 to 2021, the ASPR for premenopausal women increased from 14.23 [95% uncer-
tainty interval (Ul) (13.79-14.60)] to 16.53 [95% Ul (15.09-17.78)], while the age-standardized DALYs rate (ASDR)
decreased from 14.04 [95% Ul (12.20-15.61)] to 11.83 [95% Ul (9.20-14.35)], and the age-standardized mortality
rate (ASMR) decreased from 0.27 [95% Ul (0.24-0.30)] to 0.23 [95% Ul (0.18-0.28)]. For postmenopausal women,
the ASPR increased from 55.01 [95% Ul (51.71-57.23)] to 81.43 [95% Ul (74.33-87.03)], while the ASDR decreased
from 63.88 [95% Ul (58.39-69.64)] to 56.11 [95% Ul (48.79-63.66)], and the ASMR decreased from 2.96 [95% Ul
(2.69-3.19)] to 2.73 [95% Ul (2.36-3.07)]. The disease burden was highest in high socio-demographic index (SDI)
regions but has recently decreased, whereas a gradual increase was observed in high-middle SDI regions. At the
national level, New Zealand had the highest ASPR for both premenopausal and postmenopausal women, with val-
ues of 245.63 [95% Ul (209.56, 279.91)] and 909.37 [95% Ul (754.63, 1037.39)], respectively. Regional variations
in population-level determinants of disease burden were identified. The risk and prognosis of malignant melanoma
in women may differ by menopausal status due to the interplay of sex hormones and the immune system. Further
research is needed to develop tailored screening and treatment strategies for women across diverse SDI regions
and menopausal statuses.

Keywords: Malignant melanoma, global burden of disease, menopausal status, socio-demographic index

Introduction utable to UV exposure from sunbathing; gender
itself is an independent risk factor in these

Malignant melanoma is the most lethal type of patients. Contrarily, female gender appears to

skin tumor and originates from melanocytes.
Excessive exposure to ultraviolet (UV) radiation
is widely accepted as a major causative factor
of malignant melanoma. A registry-based study
indicates that the average age at diagnosis of
malignant melanoma is 3-8 years younger in
women than in men [1]. The high incidence of
melanoma in young women is not solely attrib-

have a protective effect in older melanoma
patients [2, 3]. It is plausible that changes in
sex hormone levels could explain this phenom-
enon and potentially influence susceptibility to
malignant melanoma by affecting DNA repair
mechanisms and immune function [4-6]. Con-
sequently, comparing the malignant melanoma
disease burden and trends in women with dif-
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ferent menopausal status will help further
understand the role of sex hormones in the
pathogenesis of malignant melanoma and thus
provide a basis for personalized prevention and
treatment.

The Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD) 2021 provides com-
prehensive data on the prevalence, mortality,
and disability-adjusted life years (DALYs) of
patients with malignant melanoma of all ages
worldwide from 1990 to 2021. Utilizing this
data, our study, defining menopause age as 55
years, aimed to (i) compare the burden of malig-
nant melanoma across menopausal status at
global, regional, and national levels, (ii) assess
trends in malignant melanoma by menopausal
status over the past 30 years and predict fu-
ture trends, and (iii) analyze the driving forces
behind these trends.

Methods
Data source and study design

This study used data from the GBD 2021
database (https://vizhub.healthdata.org/ghd-
results/) to analyze the global, regional, and
national burden of malignant melanoma from
1990 to 2021. GBD studies did not require
informed patient consent and adhered to The
Guidelines for Accurate and Transparent Health
Estimates Reporting (GATHER) in population
health studies [7]. The GBD 2021 standard
population structure is shown in supplementa-
ry materials (Table S1). The study focused on
female patients with malignant melanoma,
stratifying them into two age groups: Pre-
menopausal (10-54 years) and postmenopaus-
al (55 years and older), with 55 years serving
as the threshold for menopause [8-10]. The
data encompassed 204 countries and regions
and covered malignant melanoma prevalence,
mortality, and DALYs. The GBD database com-
piles global health data through a comprehen-
sive methodology, including systematic lite-
rature reviews, hospital records, insurance
claims, and national health surveys, ensuring
the accuracy and comparability of data across
different regions and time periods [11, 12].
This study encompasses five socio-demogra-
phic index (SDI) regions and a global region.
The SDI categorizes areas into five groups-
high (0.810296, 1), high-middle (0.711975,
0.810296), middle (0.618829, 0.711975), low-
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middle (0.465816, 0.618829), and low (O,
0.465816)-based on indicators such as birth
rate, income, and education to support health
research and policy development [13].

Statistical analysis

We analyzed the prevalence, mortality, and
DALYs of malignant melanoma in pre- and post-
menopausal women. DALYs, a combined mea-
sure of both years of life lost due to premature
mortality and years lived with disability, were
calculated for both groups [14]. Previous stud-
ies have described techniques for calculat-
ing age-standardized rates (ASRs), prevalence,
DALYs and mortality [15, 16]. These metrics
reflect the global health burden of women
with malignant melanoma and were assessed
across different regions and SDI groups. In this
study, ASRs were calculated using a direct
method based on the GBD 2021 world popula-
tion age standard per 100,000 people to mini-
mize the bias caused by differences in the age
structure of the population in different coun-
tries or regions. The ASRs included age-stan-
dardized DALYs rate (ASDR), age-standardized
prevalence rate (ASPR), and age-standardized
mortality rate (ASMR) [17].

We identified global inflection points in the
ASRs between 1990 and 2021 using Joinpoint
analysis to assess estimated annual percent-
age changes. The average annual percentage
change (AAPC) was used to evaluate the overall
annual ASRs trends over time, and the annual
percentage change (APC) was applied to detect
changes within specific segments. The AAPCs
represent the annual changes in the APC val-
ues, such as increase, decrease, or no change.
These trends in the rates under investigation
are captured by the AAPCs and their corre-
sponding 95% confidence interval (Cl). These
statistical methods enabled the evaluation of
the significance of ASRs trend shifts and sup-
ported the robustness of our findings [18].

To understand the drivers of the increased bur-
den of malignant melanoma in women, we
used decomposition analysis, which allowed us
to separate the effects of population growth,
aging, and epidemiological changes on the
increase in prevalence, DALYs, and mortality.
This approach followed the method outlined
by Gupta et al. and provided a detailed under-
standing of how these factors have contributed
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Figure 1. Age-specific patterns by sex for the numbers and age-standard-
ized rates of prevalence, DALYs, and mortality associated with malignant
melanoma at the global level in 2021. A. The number of prevalence and the
age-standardized prevalence rate of malignant melanoma in different age
groups in 2021 by gender. B. The number of DALYs and the age-standard-
ized DALYs rate of malignant melanoma in different age groups in 2021 by
gender. C. The number of deaths and the age-standardized mortality rate of
malignant melanoma in different age groups in 2021 by gender. Error bars
indicated the 95% uncertainty interval (Ul) for the numbers. Shaded areas
indicated the 95% Ul for the rates. DALYs, disability-adjusted life years.
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to the rising burden of malig-
nant melanoma in women
globally. The detailed analyti-
cal methods can be found in
previous studies [19].

The 95% uncertainty inter-
vals (Uls) for our estimates
were calculated following the
standard methodology of the
GBD framework. We generated
1,000 draws of the data based
on the GBD model, and the
lower and upper bounds of the
95% Uls were determined by
the 25th and 975th ranked val-
ues from these 1,000 simula-
tions [20]. The data visualiza-
tions in this study were
generated using R software
(version 4.2.3) and jD_GBDR
(version 2.22; Jingding Medical
Technology Co., Ltd.).

Results

Malignant melanoma burden
by gender and age

In 2021, among female pa-
tients with malignant melano-
ma, the 65-69 age group ac-
counted for the highest num-
ber of cases, while the highest
number of cases among male
patients was observed in the
70-74 age group. For both
genders, the 85-89 age gr-
oup demonstrated the highest
ASPR. Notably, the prevalence
and ASPR of malignant mela-
noma were higher in females
than in males up to the 55-59
age group, after which these
values became lower in fema-
les. This pattern suggests that
sex hormone levels may exert
protective or risk-enhancing
effects in females across dif-
ferent age groups (Figure 1A).
Based on these findings, we
further analyzed the disease
burden in female patients ac-
cording to menopausal status.
In 2021, both ASDR and ASMR
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increased progressively with age in both males
and females, with a steeper rise observed in
males (Figure 1B, 1C).

Global, regional, and national burden and
trends of malignant melanoma by menopausal
status

From 1990 to 2021, the global ASPR for pre-
menopausal malignant melanoma increased
from 14.23 [95% uncertainty interval (Ul)
(13.79-14.60)] to 16.53 [95% Ul (15.09-17.78)],
whereas for postmenopausal malignant mela-
noma, the global ASPR increased from 55.01
[95% Ul (51.71-57.23)] t0 81.43 [95% Ul (74.33-
87.03)] (Tables 1 and 2; Figure 2A). From 1990
to 2021, the AAPC for premenopausal malig-
nant melanoma ASPR was 0.08% [95% CI
(0.07-0.09)] (Table 2). During this period, nota-
ble changes in ASPR were observed in 1996,
2010 and 2014. Specifically, from 1990 to
1996, the ASPR exhibited a gradual increase,
with an APC of 3.77% [95% CI (3.33-4.21)].
From 1996 to 2010, the upward trend deceler-
ated, with an APC of 1.28% [95% CI (1.11-
1.45)]. Subsequently, from 2010 to 2014, the
ASPR declined continuously, with an APC of
-1.28% [95% CI (-1.98-0.58)], and from 2014 to
2021, the decline became more pronounced,
with an APC of -2.56% [95% CI (-2.97-2.15)]
(Figure 3A). For postmenopausal malignant
melanoma, the AAPC of ASPR from 1990 to
2021 was 0.87% [95% CI (0.83-0.09)] (Table
2). During this period, the ASPR for postmeno-
pausal malignant melanoma underwent nota-
ble changes in 1996, 2009 and 2014. From
1990 to 1996, the ASPR increased significant-
ly, with an APC of 4.18% [95% CI (3.85-4.50)].
From 1996 to 2009, the upward trend slowed
slightly, with an APC of 2.29% [95% CI (2.15-
2.43)]. From 2009 to 2014, the ASPR remained
relatively stable, with an APC of -0.32% [95% Cl
(-0.84-0.20)], while from 2014 to 2021, the
ASPR gradually declined, with an APC of -1.75%
[95% CI (-1.99-1.49)] (Figure 3B). Although both
premenopausal and postmenopausal groups
exhibited comparable trends during this period,
the magnitude of ASPR changes was more pro-
nounced in the postmenopausal group (Figure
2A).

Among the five SDI regions, the ASPR for malig-
nant melanoma was the highest in the high SDI
region for pre- and post-menopausal groups,
significantly exceeding the world average. How-
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ever, it has demonstrated a downward trend
over the past decade. In 2021, the ASPR in the
high SDI region was 82.19 [95% Ul (79.42,
85.22)] in the premenopausal group and
250.68 [95% Ul (225.58, 265.10)] in the post-
menopausal group. The high-middle SDI region
had the second-highest ASPR, with a continu-
ous upward trend from 1990 to 2021. The
ASPR for the premenopausal group in this
region surpassed the world average in 2001,
while the postmenopausal group remained
below the world average. The other SDI re-
gions exhibited low and relatively stable ASPRs
(Table 2 and Figure 2D and 2G).

In the 21 regions, when the SDI exceeded 0.6,
ASPRs in pre- and post-menopausal groups
increased significantly with increasing SDI.
The highest ASPRs in the premenopausal gr-
oup were observed in Australasia (ASPR:
206.92, 182.11-233.05), Western Europe
(ASPR: 124.01, 117.90-129.69), and High-
income North America (ASPR: 95.30, 91.62-
99.57) in 2021, while the lowest ASPRs were
observed in Oceania (ASPR: 0.11, 0.06-0.17)
and Southeast Asia (ASPR: 0.47, 0.29-0.73)
(Table 2 and Figure 4A). The highest ASPRs
in the postmenopausal group were found in
Australasia (ASPR: 639.84, 543.71-727.84),
High-income North America (ASPR: 336.11,
305.38-354.89), and Western Europe (ASPR:
312.70, 277.70-335.38) in 2021, while the low-
est ASPRs were found in Oceania (ASPR: 0.20,
0.13-0.35) and Southeast Asia (ASPR: 0.82,
0.49-1.30) (Table 2 and Figure 4D). In high SDI
regions, the ASPRs exhibited an increasing and
then decreasing trend from 1990 to 2021,
while in high-middle SDI regions, such as
Central Europe and Eastern Europe, the ASPRs
demonstrated a continuously increasing trend.
Although the High-income Asia Pacific region
had a high SDI, the ASPR was lower than those
of the high-middle SDI regions (Figure 4A and
4D).

In 2021, the global ASDR for premenopausal
malignant melanoma was 11.83 [95% Ul (9.20,
14.35)], and the ASMR was 0.23 [95% Ul (0.18,
0.28)] (Table 2 and Figure 2B, 2C). For post-
menopausal malignant melanoma, the global
ASDR was 56.11 [95% Ul (48.79, 63.66)], and
the ASMR was 2.73 [95% Ul (2.36, 3.07)] in
2021 (Table 2 and Figure 2B, 2C). From 1990
to 2021, the AAPC for ASDR of premenopau-
sal malignant melanoma was -0.07% [95% CI
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Table 1. Estimated number of cases, DALYs, deaths, and age-standardized rates of prevalence (ASPR), DALYs (ASDR), and mortality (ASMR) for
premenopausal and postmenopausal malignant melanoma in 1990 at the Global and Regional level

Prevalence DALYs Mortality
Premenopausal (age <55 Postmenopausal (age 2565 Premenopausal (age <55 Postmenopausal (age 265 Premenopausal Postmenopausal (age
r r r r < r > r
Characteristics =2 S) years) years) years) (age <55 years) 55 years)
ASPR per ASPR per ASDR per ASDR per ASMR per ASMR per
Cases 100,000 (95% Cases 100,000 (95%  DALYs 100,000 DALYs 100,000 (95% Deaths 100,000 Deaths 100,000
ul) ul) (95% Ul) ul) (95% UI) (95% UI)
Global 24251796 14.23 197994.90 55.01 239200.26 14.04 229939.37 63.88 4650.13 0.27 10646.71 2.96
(13.79-14.60) (51.71-57.23) (12.20-15.61) (58.39-69.64) (0.24-0.30) (2.69-3.19)
SDI quintiles
High 189387.72 67.64 164013.02 155.35 111584.94 39.85 125790.14 119.15 2114.24 0.76 5929.88 5.62
(66.07-69.30) (145.68-161.43) (38.41-41.57) (111.81-124.79) (0.74-0.77) (5.15-5.89)
High middle 4362191 12.53 31065.96  31.93 64610.43 18.56 63298.71 65.06 1295.46 0.37 2911.23 299
(11.74-13.27) (30.08-34.12) (16.56-20.03) (59.41-70.14) (0.33-0.40) (2.74-3.23)
Middle 6174.44 1.09 1936.47 2.18(1.64-2.63) 32225.34 5.69(3.86-7.24) 23703.55 26.64 639.32 0.11 1075.61 1.21
(0.77-1.31) (19.49-35.96) (0.08-0.14) (0.89-1.62)
Low middle 1891.63 0.53 514.61 1.04 (0.74-1.44) 16170.89  4.51 9355.45 18.90 316.65 0.09 407.31 0.82
(0.33-0.72) (2.75-6.55) (13.25-28.02) (0.05-0.13) (0.57-1.18)
Low 1228.75 0.82 307.98 1.70 (0.99-2.40) 14238.85 9.95 7417.74 40.87 277.02 0.19 305.02 1.68
(0.44-1.19) (5.02-13.69) (24.30-58.86) (0.10-0.27) (1.01-2.42)
GBD Regions
Andean Latin 148.12 1.20 66.50 3.86(2.76-5.16) 1090.84 8.83 1145.51 66.52 22.13 0.18 57.40 3.33
America (0.88-1.70) (6.21-13.26) (46.91-91.04) (0.13-0.27) (2.34-4.46)
Australasia 13242.98 201.33 10876.88 510.08 7725.90 117.45 9939.03 466.10 144.02 2.9 475.45 22.30
(181.53-223.77) (455.90-573.60) (108.41-127.26) (415.45-524.97) (2.02-2.35) (19.72-25.32)
Caribbean 269.60 2.29(2.07-2.56) 128.92 5.80(5.18-6.48) 786.31 6.68 650.93 29.26 15.44 0.13 31.81 1.43
(5.19-9.28) (25.04-36.38) (0.10-0.18) (1.25-1.72)
Central Asia 668.11 3.05(2.70-3.41) 505.84 10.63 2115.87 9.67 2698.41 56.72 42.35 0.19 134.18 2.82
(9.39-11.96) (8.50-10.97) (50.13-63.65) (0.17-0.22) (2.48-3.20)
Central Europe 8455.34 21.43 5723.94 38.00 17409.73 4413 17698.39 117.48 354.94 0.90 829.62 5.51
(19.83-24.02) (34.92-42.85) (41.10-49.69) (109.37-128.79) (0.84-1.01) (5.11-6.02)
Central Latin 799.90 1.47 (1.40-1.57) 249.51 3.55(3.33-3.80) 3536.97 6.50 2588.29 36.80 70.29 0.13 126.71 1.80
America (6.24-6.79) (35.11-38.54) (0.12-0.14) (1.71-1.89)
Central 82.09 0.50(0.32-0.91) 31.49 1.57 (1.06-2.86) 1044.56 6.32 779.44 38.79 21.19 0.13 31.39 1.56
Sub-Saharan Africa (4.19-11.97) (26.63-71.37) (0.08-0.24) (1.08-2.82)
East Asia 2411.69 0.59 (0.34-0.85) 1025.65 1.35(0.89-2.04) 21351.35 5.23(2.87-7.45) 18103.81 23.88 429.99 0.11 801.94 1.06
(15.28-37.15) (0.06-0.15) (0.69-1.65)
Eastern Europe  15793.63 21.96 10952.50 34.70 28145.98 39.14 25697.91 81.42 574.40 0.80 1143.57 3.62
(20.59-24.11) (32.19-38.26) (36.29-43.89) (75.84-89.39) (0.74-0.90) (3.39-3.95)
Eastern 911.70 1.58 (0.88-2.21) 195.30 3.23(1.85-4.48) 10161.30 17.56 4676.52 77.24 195.30 0.34 190.26 3.14
Sub-Saharan Africa (9.69-24.73) (45.05-107.02) (0.19-0.48) (1.84-4.41)
High-income 3787.70 6.60 (5.87-7.39) 3420.40 17.48 2993.34 5.22 3280.50 16.76 57.42 0.10 155.67 0.80
Asia Pacific (15.61-19.49) (4.43-6.11) (15.19-18.50) (0.09-0.12) (0.71-0.88)
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High-income
North America

North Africa and
Middle East

Oceania

South Asia

Southeast Asia

Southern Latin
America

Southern
Sub-Saharan Africa

Tropical Latin
America

Western Europe

Western
Sub-Saharan Africa

110312.33 122.00

2853.74

1.92

1362.16

301.83

981.07

464.46

1709.61

77635.15

324.84

(118.67-125.24)
2.76 (1.18-4.31)

0.09 (0.06-0.17)

0.41(0.23-0.61)

0.19 (0.12-0.31)

6.17 (5.63-6.72)

2.68 (1.70-4.07)

3.32(3.14-3.53)

65.25

(62.56-67.94)
0.56 (0.22-0.80)
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91736.42

801.76

0.44

300.08

100.05

495.64

127.46

499.39

70667.03

89.72

279.29
(259.14-290.94)

5.78
(2.80-8.48)

0.19 (0.13-0.35)

0.67 (0.41-1.00)

0.44
(0.31-0.74)

11.30
(10.10-12.54)

5.06 (2.97-8.08)
6.19 (5.64-6.71)
12718

(119.27-133.67)
1.29 (0.66-1.70)

49550.96

4488.98

29.41

12880.41

4295.51

2507.61

2762.91

7365.71

55484.57

3472.02

54.80
(52.32-57.61)

4.34 (1.73-7.27)

1.45
(0.88-2.56)
3.87
(2.23-6.00)
2.77
(1.69-4.52)
15.77
(14.64-17.00)
15.96
(10.07-24.19)
14.31
(13.64-15.00)
46.63
(44.98-48.46)
5.98
(2.40-8.45)

48753.03

3412.68

13.35

6240.53

2790.54

2710.81

1876.89

4983.69

69706.64

2192.47

148.43
(137.98-156.33)
24.60
(10.99-36.35)
5.78
(3.84-10.60)
13.85
(8.61-21.23)
12.39
(8.60-20.81)
61.82
(57.39-65.78)
74.50
(43.75-115.73)
61.78
(57.63-65.28)
125.45
(117.42-131.09)
3151
(16.12-41.80)

903.15

86.12

0.52

249.96

85.17

50.59

54.99

146.74

1077.84

67.61

1.00
(0.98-1.02)
0.08
(0.03-0.14)
0.03
(0.02-0.05)
0.08
(0.04-0.12)
0.05
(0.03-0.09)
0.32
(0.29-0.34)
0.32
(0.20-0.49)
0.29
(0.27-0.30)
0.91
(0.88-0.93)
0.12
(0.05-0.16)

2180.29

157.00

0.70

255.03

126.26

129.43

89.93

225.79

3405.29

98.98

6.64
(6.03-6.97)
113
(0.49-1.63)
0.30
(0.21-0.55)
0.57
(0.35-0.87)
0.56
(0.39-0.93)
2.95
(2.73-3.14)
357
(2.05-5.43)
2.80
(2.59-2.96)
6.13
(5.63-6.42)
1.42
(0.76-1.88)

Abbreviations: SDI, Socio-demographic Index; Ul, uncertainty interval; DALYs, disability-adjusted life-years.
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Table 2. Estimated number of cases, DALYs, deaths, and age-standardized rates of prevalence (ASPR), DALYs (ASDR), and mortality (ASMR) for pre-

menopausal and postmenopausal malignant melanoma in 2021 at the Global and Regional level

Prevalence DALYs Mortality 1990-2021
Premenopausal (age Postmenopausal (age 2565 Premenopausal (age Postmenopausal (age Premenopausal Postmenopausal AAPC of the ASPR
<55 years) years) <55 years) >55 years) (age <55 years) (age =55 years) (95% CI)
.Ch.aracter- Bremeno. Post-
istics ASPR per ASPR per ASDR per ASDR per ASMR per ASMR per ausal meno-
Cases 100,000 Cases 100,000 (95% DALYs 100,000 DALYs 100,000 Deaths 100,000 Deaths 100,000 (pa o <55 pausal
(95% UI) ul) (95% Ul) (95% UI) (95% UI) (95% UI) eirs) (age 255
y years)
Global 412490.42 16.53 640433.62 81.43 295121.02 11.83 44131091 56.11 5727.02 0.23 21500.71 2.73 0.08 0.87
(15.09-17.78) (74.33-87.03) (9.20-14.35) (48.79-63.66) (0.18-0.28) (2.36-3.07) (0.07-0.09) (0.83-0.91)
SDI quintiles
High 254071.50 82.19 (79.42- 462282.88 250.68 88919.79 28.76 197920.40 107.33 1629.17 0.53 9854.26 5.34 0.45 3.07
85.22) (225.58-265.10) (27.10-30.78) (95.98-115.29) (0.51-0.54) (4.62-5.74) (0.37-0.53) (2.90-3.23)
High middle 106728.09 27.30 147880.05 78.70 73159.53 18.71(15.88- 128685.84 68.49 1461.79 0.37 6263.85 3.33 0.46 1.48
(23.84-30.37) (69.44-86.41) 21.68) (58.83-76.94) (0.32-0.44) (2.87-3.74)  (0.44-0.48) (1.44-1.51)
Middle 34563.70 4.37 24817.89 10.08 56150.01 7.11 70907.27 28.81 1147.96 0.15 3449.61 1.40 0.11 0.26
(2.87-5.68) (6.36-13.12) (4.68-9.36) (18.84-36.07) (0.10-0.19) (0.92-1.72) (0.11-0.11) (0.25-0.26)
Low middle 10693.61 1.66 3618.00 2.88(1.96-3.74) 4072853 6.34 26753.02 21.32 796.19 0.12 1201.86 0.96 0.04 0.06
(0.99-2.30) (3.70-9.16) (13.97-30.13) (0.07-0.18) (0.63-1.34) (0.04-0.04) (0.06-0.06)
Low 5968.46 1.66 1135.07 2.71(1.46-4.01) 35812.95 9.94 16387.69 39.17 684.98 0.19 696.35 1.66 0.03 0.03
(0.86-2.58) (5.23-15.4) (21.20-58.44) (0.10-0.29) (0.90-2.48) (0.03-0.03) (0.03-0.03)
GBD Regions
Andean 1086.98 4.97 1020.45 19.73 2070.86 9.46 3588.93 69.38 42.83 0.20 186.45 3.60 0.12 0.51
Latin America (3.46-8.40) (13.78-27.73) (6.70-14.56) (50.29-95.42) (0.14-0.30) (2.61-4.81) (0.11-0.13) (0.49-0.54)
Australasia  18974.77 206.92 29643.17 639.84 6089.54  66.40 (59.05- 11674.37 251.99 108.50 1.18 58494 12.63 -0.36 2.01
(182.11- (543.71-727.84) 74.55) (217.29-282.19) (1.07-1.30) (10.61- (-1.05-0.34) (-0.21-4.24)
233.05) 14.13)
Caribbean 671.45 4.39 839.56 17.10 1289.86 8.43 1661.97 33.85 26.15 0.17 84.76 1.73 0.07 0.37
(3.62-5.23) (14.57-20.23) (6.00-12.62) (28.46-41.51) (0.12-0.25) (1.46-2.05) (0.06-0.08) (0.34-0.40)
Central Asia 1372.30 4.46 1382.04 16.93 2531.96 8.23 3762.09 46.09 51.31 0.17 183.32 2.25 0.04 0.20
(3.74-5.27) (14.33-19.65) (6.89-9.95) (39.94-52.96) (0.14-0.20) (1.96-2.57) (0.03-0.05) (0.17-0.24)
Central 19551.13 59.77 20650.51 142.24 1482591 45.32(40.02- 32384.24 155.35 298.69 0.91 1749.39 8.39 1.23 3.37
Europe (52.12-68.62) (124.37-161.22) 51.41) (138.75- (0.81-1.03) (7.46-9.36) (1.18-1.28) (3.28-3.45)
173.22)
Central Latin 5767.00 6.70 4177.55 18.08 9712.98 11.28 12093.88 52.33 198.93 0.23 609.26 2.64 0.17 0.47
America (5.76-7.70) (15.70-20.78) (9.62-12.89) (46.29-58.59) (0.20-0.26) (2.29-2.93) (0.17-0.18) (0.45-0.49)
Central 436.52 1.00 139.43 2.84 2917.83 6.72 2080.73 42.45 59.08 0.14 88.29 1.80 0.02 0.04
Sub-Saharan (0.61-2.11) (1.65-5.54) (4.02-13.95) (25.01-81.37) (0.08-0.28) (1.06-3.38) (0.02-0.02) (0.04-0.04)
Africa
East Asia 17957.22 4.14 21154.13 10.45 2804797 6.46 48089.69 23.76 592.52 0.14 2348.08 1.16 0.12 0.30
(1.68-6.73) (4.18-16.04) (2.67-9.98) (9.81-34.78) (0.06-0.21) (0.48-1.66) (0.11-0.12) (0.29-0.30)
Eastern 36145.47 59.05 52763.13 138.27 31820.53 51.98 (44.62- 54504.68 142.83 646.06 1.06 2504.42 6.56 1.12 3.42
Europe (51.85-66.00) (124.39-151.32) 60.43) (128.49- (0.91-1.23) (5.91-7.24)  (1.04-1.20) (3.26-3.57)
158.65)
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1404.48 513 641.53
(2.78-8.65)

7490.06  9.93(9.32-  4996.03
10.58)

149709.02 124.01 250728.75
(117.90-
129.69)

193751  1.22 392.91
(0.30-1.96)

5.01(2.62-8.10) 25957.74

45.36 3409.47
(35.66-54.14)

336.11 32613.45
(305.38-354.89)

40.47 8258.77
(16.94-53.19)

0.20(0.13-0.35) 68.15

2.10 (1.19-3.25) 30652.09

0.82(0.49-1.30) 8334.03

49.20 426855
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11.27 6332.10
(5.59-14.98)

20.54 13557.80
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312.70 50990.02
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6.94 8073.92
(5.63-8.01)

30.41 72737.26
(28.39-33.03)

4.10 8565.28
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1.54 34.04
(0.94-2.50)

4.93 18543.46
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359 8582.69
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19.52 6435.36
(17.80-21.35)

23.12 5451.91
(11.93-34.40)

17.97 16334.21
(16.92-18.97)

42.24 110198.40
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7.16 6182.80
(1.87-11.09)

72.97 (38.46-
115.43)

21.17
(16.79-24.92)

120.74 (109.18-
130.19)

22.75
(9.25-28.60)

5.79
(3.81-10.32)
14.65
(8.74-24.22)
14.00
(8.40-21.08)
79.08
(70.96-86.25)
95.74
(48.61-123.76)

67.14
(60.31-71.84)

137.43 (121.74-
149.02)

36.19
(13.69-50.96)

491.51

61.89

584.17

147.96

1.20

590.73

172.59

84.80

129.55

278.36

939.63

220.55

0.35(0.18-
0.60)

0.13
(0.14-0.10)
0.54

(0.53-0.57)

0.07
(0.03-0.10)

0.03 (0.02-
0.04)
0.10
(0.05-0.16)
0.07
(0.05-0.11)
0.39
(0.35-0.42)
0.47
(0.24-0.70)

0.37
(0.35-0.39)
0.78

(0.75-0.81)

0.14
(0.04-0.21)

431.21

470.12

3327.49

388.23

1.88

797.75

410.54

330.17

251.92

816.22

5664.54

271.74

3.05 (1.62-
4.77)

1.23
(0.95-1.45)
5.52

(4.80-5.92)

1.03
(0.40-1.29)

0.32
(0.21-0.56)
0.63
(0.37-1.05)
0.67
(0.40-1.03)
4.06
(3.62-4.39)
4.42
(2.20-5.63)

3.35
(2.94-3.63)
7.06

(6.01-7.66)

1.59
(0.63-2.19)

0.05 0.06
(0.05-0.05) (0.06-0.06)

0.45 0.87
(0.41-0.49) (0.80-0.93)

-0.96 (-1.14 2.02
--0.78) (1.66-2.37)

0.24 1.15
(0.23-0.24) (1.13-1.17)

0.00 0.00
(0.00-0.00) (0.00-0.00)
0.03 0.05
(0.03-0.03) (0.05-0.05)
0.01 0.01
(0.01-0.01) (0.01-0.01)
0.42 1.29
(0.39-0.45) (1.24-1.34)
0.07 0.20

(0.07-0.08) (0.20-0.21)

0.21 0.46
(0.20-0.23) (0.44-0.48)
1.92 6.01

(1.74-2.10) (5.82-6.20)

0.02 0.03
(0.02-0.02) (0.03-0.03)

Abbreviations: SDI, Socio-demographic Index; Ul, uncertainty interval; DALYs, disability-adjusted life-years; AAPC, average annual percentage change.
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Figure 2. Trends in age-standardized prevalence, DALYs, and mortality rates for malignant melanoma in individuals aged 10-54 years and 55 years and older from
1990 to 2021 at the global level and across five SDI regions. Trends in age-standardized prevalence (A), DALYs (B), and mortality (C) rates for malignant melanoma
in individuals aged 10-54 years and 55 years and older from 1990 to 2021 at the global level. Trends in age-standardized prevalence (D), DALYs (E), and mortality
(F) rates for 10-54 years malignant melanoma from 1990 to 2021 across five SDI regions. Trends in age-standardized prevalence (G), DALYs (H), and mortality (1)
rates for 55 years and older malignant melanoma from 1990 to 2021 across five SDI regions. DALYs, disability-adjusted life years; SDI, socio-demographic index.
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Figure 3. AAPC of age-standardized prevalence, DALYs, and mortality rates for premenopausal and postmenopausal
malignant melanoma from 1990 to 2021. AAPC of age-standardized prevalence (A), DALYs (C), and mortality (E)
rates for premenopausal malignant melanoma from 1990 to 2021. AAPC of age-standardized prevalence (B), DALYs
(D), and mortality (F) rates for postmenopausal malignant melanoma from 1990 to 2021. AAPC>0 represented an
increase in the rate, while AAPC<O represented a decrease in the rate. AAPC, average annual percentage change;

DALYs, disability-adjusted life years.

(-0.08 to -0.06)], and for ASMR it was -0.001%
[95% CI (-0.002 to -0.001)] (Figure 3C and 3E).
Trend changes in ASDR occurred in 1994,
2001 and 2010. Between 1990 and 1994,
ASDR gradually increased, with an APC of
0.92% [95% CI (0.44 to 1.41)]. From 1994 to
2001, ASDR remained relatively stable, with an
APC of -0.07% [95% CI (-0.43 to 0.30)]. From
2001 to 2010, ASDR gradually declined, with
an APC of -0.48% [95% CI (-0.65 to -0.32)], and

1011

from 2010 to 2021, the downward trend
became more pronounced, with an APC of
-1.46% [95% Cl (-1.61 to -1.32)] (Figure 3C).
Trend changes in ASMR occurred in 1994,
2002, and 2011. Between 1990 and 1994,
ASMR slowly increased, with an APC of 0.81%
[95% CI (0.08 to 1.55)]. From 1994 to 2002,
ASMR remained relatively stable, with an APC
of 0.003% [95% CI (-0.21 to 0.21)]. From 2002
to 2011, ASMR gradually declined, with an APC

Am J Cancer Res 2025;15(3):1002-1019
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Figure 4. Trends in age-standardized prevalence, DALYs, and mortality rates for premenopausal and postmenopaus-
al malignant melanoma from 1990 to 2021 across 21 GBD regions by SDI. Trends in age-standardized prevalence
(A), DALYs (C), and mortality (E) rates for premenopausal malignant melanoma from 1990 to 2021 across 21 GBD
regions by SDI. Trends in age-standardized prevalence (B), DALYs (D), and mortality (F) rates for postmenopausal
malignant melanoma from 1990 to 2021 across 21 GBD regions by SDI. For each region, points from left to right
depicted estimates from each year from 1990 to 2021. DALYs, disability-adjusted life years; SDI, socio-demographic

index.

of -0.65% [95% CI (-0.85 to -0.44)], and from
2011 to 2021, the downward trend became
more pronounced, with an APC of -1.47% [95%
Cl (-1.65 to -1.30)] (Figure 3E). From 1990 to
2021, the AAPC for ASDR of postmenopausal
malignant melanoma was -0.24% [95% CI
(-0.26 to -0.22)], and for ASMR it was -0.006%
[95% CI (-0.007 to -0.005)] (Figure 3D and 3F).
Trend changes in ASDR occurred in 1995,
2009 and 2014. Between 1990 and 1995,
ASDR significantly increased, with an APC of
1.17% [95% CI (0.84 to 1.50)]. From 1995 to
2009, ASDR declined slowly, with an APC of
-0.19% [95% CI (-0.25 to -0.12)]. From 2009 to
2014, the decline became more pronounced,
with an APC of -0.98% [95% ClI (-1.44 to -0.52)],
and from 2014 to 2021, the decline further
intensified, with an APC of -1.51% [95% CI
(-1.66 to -1.35)] (Figure 3D). Trend changes in
ASMR occurred in 1994, 2001 and 2013.
Between 1990 and 1994, ASMR significantly
increased, with an APC of 1.31% [95% CI (0.99
to 1.64)]. From 1994 to 2001, ASMR remained
relatively stable, with an APC of 0.24% [95% Cl
(-0.002 to 0.48)]. From 2001 to 2013, ASMR
gradually declined, with an APC of -0.33% [95%
Cl (-0.40t0-0.25)], and from 2013 to 2021, the
downward trend became more pronounced,
with an APC of -1.36% [95% CI (-1.51 to -1.21)]
(Figure 3F).

Among the five SDI regions, the high SDI region
in pre- and post-menopausal groups exhibited
the highest ASDR and ASMR values. However, a
decreasing trend has recently been observed.
In 2021, the ASDR in the high SDI region was
28.76 [95% Ul (27.10, 30.78)] for the pre-
menopausal group and 107.33 [95% Ul (95.98,
115.29)] for the postmenopausal group, while
the ASMR was 0.53 [95% Ul (0.51, 0.54)] for
the premenopausal group and 5.34 [95% Ul
(4.62, 5.74)] for the postmenopausal group.
This was followed by high-middle SDI region,
with both indicators being higher than the world
average. In contrast, the low-middle SDI region
had the lowest ASDR and ASMR (Table 2 and
Figure 2E, 2F, 2H, 2I).
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In the 21 regions, Australasia had the highest
ASDR and ASMR in the premenopausal and
postmenopausal groups, although these rates
have declined significantly in recent years. In
2021, the ASDR in Australasia was 66.40
[95% Ul (59.05, 74.55)] for the premenopausal
group and 251.99 [95% Ul (217.29, 282.19)]
for the postmenopausal group, while the ASMR
was 1.18 [95% Ul (1.07, 1.30)] for the premeno-
pausal group and 12.63 [95% Ul (10.61, 14.13)]
for the postmenopausal group (Table 2). Other
high SDI regions, including High-income North
America and Western Europe, exhibited ASDR
and ASMR comparable to those of high-middle
SDI regions, such as Central Europe and Ea-
stern Europe (Figure 4B, 4C, 4E, 4F).

The global maps of ASPR, ASDR, and ASMR for
pre- and post-menopausal malighant melano-
ma in 2021 were presented in Figure 5A-F. At
the national level, New Zealand exhibited the
highest ASPR for the premenopausal group,
recorded at 245.63 [95% Ul (209.56, 279.91)].
Meanwhile, the postmenopausal group also
exhibited the highest ASPR in New Zealand, at
909.37 [95% Ul (754.63, 1037.39)] (Figure 5A
and 5D). Furthermore, New Zealand reported
the highest ASDR and ASMR for pre- and post-
menopausal groups, respectively (Figure 5B,
5C, 5E, 5F).

Decomposition analysis

We conducted a decomposition analysis to
explore how population, aging, and epidemio-
logical changes affect the burden of malignant
melanoma in women. Globally, the population
was the major driver of the increase in preva-
lence from 1990 to 2021, accounting for 48.0%
of the rise. Meanwhile, epidemiological change
and aging contributed 25.2% and 26.8%,
respectively. In the high SDI region, population
was the most significant factor for the increase
in prevalence, whereas in the other four SDI
regions, epidemiological change was the main
positive contributor (Figure 6A).
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Population was also the main
driver of the increase in global
DALYs from 1990 to 2021,
contributing 88.43%. This was
followed by aging, with a con-
tribution of 65.97%, while epi-
demiological change had a ne-
gative contribution of -54.4%.
The contribution of population
to overall DALYs was most pro-
nounced in the high SDI, high
middle SDI, and low SDI re-
gions. Contrary to the global
profile, aging exhibited a nega-
tive contribution in the high-
middle SDI region, whereas
epidemiological change had
a positive contribution (Figure
6B).

Globally, population was the
primary contributor to the in-
crease in deaths, accounting
for 86.27%, followed by aging
with a contribution of 50.42%.
In contrast, epidemiological
change had a negative contri-
bution of -36.69%. Similarly,
the deaths of malignant mela-
noma in females were driven
primarily by population across
all five SDI regions (Figure 6C).

Discussion

Our study is the first to investi-
gate the burden of malignant
melanoma by menopausal sta-
tus. Sex hormones are gener-
ally considered to be associat-
ed with the development and
prognosis of hormone-depen-
dent tumors such as breast,
ovarian, and endometrial can-
cers [21]. However, increasing
studies have recently identi-
fied an association between
sex hormones and malignant
melanoma. Regarding morbid-
ity, a younger age at menarche
and an older age at meno-
pause are associated with an
increased risk of malignant
melanoma in women [22].
During pregnancy, estrogen le-
vel rise rapidly, and malignant
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melanoma is the most common malignancy
among pregnant and postpartum women, ac-
counting for 31% of all malignancies during
pregnancy and 24% during lactation [23].
Furthermore, using exogenous estrogen repla-
cement therapy in postmenopausal women is
a risk factor for an elevated risk of malignant
melanoma (relative risk [RR], 1.32; 95% ClI,
1.17-1.49) [24]. Regarding prognosis, a diagno-
sis of malignant melanoma during pregnancy is
linked to a higher risk of cause-specific mortal-
ity (hazard ratio [HR], 1.52; 95% Cl, 1.01-2.31;
P = 0.047) [23]. Additionally, women who had
given birth in the year preceding their malig-
nant melanoma diagnosis have a mortality rate
twice that of other female patients (HR, 2.06;
95% ClI, 1.42-3.01) [25]. Consistent with these
findings, our study also found that the preva-
lence of malighant melanoma was higher in
women than in men aged <55 years and lower
in women than in men aged >55 years, sug-
gesting that high estrogen levels may be among
the risk factors for malignant melanoma in
women.

Unlike tissues such as the breast (primarily
express estrogen receptor (ER) &), skin tissue
and malignant melanoma lesions predominant-
ly express ERB, which is generally associat-
ed with inhibition of cell proliferation [26]. In
women, ERB expression in the skin decreases
with age and declines rapidly after menopause
[27]. A comparative study exhibited that ER[(3
expression is negatively correlated with Breslow
thickness, which is an important prognostic
factor for malignant melanoma [28]. Based on
these findings, we hypothesize that estrogen
may not directly affect tumor cells but rather
influences the immune system, thereby pro-
moting the development of malignant melano-
ma in premenopausal women.

A recent study has revealed that the skin is not
merely a simple physical barrier but is rich in
various immune cells capable of autonomously
producing antibodies that modulate host-micro-
biota interactions [29]. This suggests that the
skin may function as an independent immune
system with significant potential. Estrogen has
been demonstrated to regulate the function of
various immune cells [30, 31]. The ERp signal-
ing pathway in T cells can attenuate autoim-
mune diseases by suppressing inflammatory
T-cell responses. This is achieved through
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increased expression of Forkhead Box P3
(FOXP3), promotion of Treg proliferation, inhibi-
tion of CD4+ and CD8+ cell infiltration, and sup-
pression of cytotoxic cytokines such as IFN-y,
interleukin (IL)-17, and iNOS production [32,
33]. In NK cells, estrogen/medroxyprogester-
one hormone replacement therapy in healthy
postmenopausal women decreased NK cyto-
toxicity and reduced IL-2 and IFN-y synthesis
[34]. Besides, estrogen induces granzyme B
inhibitors, which attenuate NK cell-mediated
apoptosis [35]. In dendritic cells, the ERB
pathway mitigates experimental autoimmune
encephalomyelitis by inhibiting TNF-o« produc-
tion [36].

Due to its high immunogenicity, malignant mel-
anoma was the first cancer type for which the
FDA approved the use of immune checkpoint
inhibitors (ICls). However, a meta-analysis has
exhibited that ICls are significantly more ef-
fective in male cancer patients compared to
female patients (HR, 0.85; 95% CI, 0.77-0.94;
P = 0.0019) [33]. Chakraborty et al. reported
that in a murine model of malignant melanoma,
estrogen promotes the polarization of tumor-
associated macrophages toward the immune-
suppressive M2 phenotype, leading to CD8+ T
cell dysfunction and exhaustion, and induces
resistance to ICls. Meanwhile, the selective
estrogen receptor downregulator, fulvestrant,
has been demonstrated to enhance the antitu-
mor efficacy of ICIs [5]. Artham et al. demon-
strated that estrogen facilitates the growth of
malignant melanoma and breast cancer by
reducing the number of eosinophils in periph-
eral and tumor-associated tissues while also
inhibiting their antitumor activity. Furthermore,
they found that the antitumor efficacy of ICls
was enhanced when combined with the estro-
gen receptor inhibitor lasofoxifene [6]. Our
study found that from 1990 to 2021, the de-
clines in ASDR and ASMR for premenopausal
malignant melanoma were smaller than those
for postmenopausal malignant melanoma. This
suggests that premenopausal patients with
malignant melanoma may still lack effective
treatment options. Therefore, it is worth ex-
ploring whether combining estrogen receptor
inhibitors with ICIs can improve the prognosis
for this cohort. However, further preclinical and
clinical trials are needed to test this hypothe-
sis, as the GBD database does not provide
information on patient medication use. More-
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over, it is crucial to balance the side effects of
treatment with patients’ reproductive needs.

In summary, estrogen plays a complex and
critical role in developing malignant melanoma
and in modulating antitumor immunity. Given
the significant decline in estrogen levels after
menopause, comparing the burden of malig-
nant melanoma between premenopausal and
postmenopausal women provides crucial in-
sights into the role of estrogen in tumor devel-
opment and progression. Consequently, this
study employed comprehensive data from the
GBD database to investigate the global burden
of malignant melanoma in women of different
menopausal statuses. The greater disease bur-
den observed in premenopausal women com-
pared to age-matched men underscores the
necessity of enhancing melanoma screening
efforts specifically for premenopausal women.
Changes in hormone levels during pregnancy
often lead to pigmentation, which can be diffi-
cult to distinguish from malignant melanoma
lesions. Additionally, the maternal immune sys-
tem tends to adopt an immune-tolerant state
during pregnancy, and increased lymphangijo-
genesis may facilitate tumor metastasis [37].
As a result, increased vigilance for malignant
melanoma during pregnancy is warranted for
clinicians.

Consistent with previous research, our study
identified significant regional inequalities in the
burden of malignant melanoma [38]. The bur-
den was notably higher among women in high
SDI regions, particularly Australasia, which can
be attributed to factors such as high UV expo-
sure, predominantly Caucasian ethnicity, and
effective cancer screening and registration sys-
tems [39-42]. However, recently, a decreasing
trend in ASPR has been observed in these
regions, likely due to an increased awareness
of disease prevention. Conversely, the ASPR in
high-middle SDI regions has steadily increased,
indicating the need for enhanced preventive
and curative measures against malighant mel-
anoma. Given that malignant melanoma is
rare and progresses rapidly, the absence of
advanced diagnostic techniques, such as der-
moscopy, in low SDI regions may result in misdi-
agnosis and mistreatment, potentially contrib-
uting to the low ASPR observed in these regions
[43].
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This study has several limitations. First, this
study is highly dependent on data from the
GBD database. Due to the lack of comprehen-
sive data collection and reporting systems in
developing countries, some disease burden
data may be missing. Second, since cancer reg-
istries typically do not routinely collect infor-
mation on patients’ menopausal status, we
defined menopausal status using a unified age
range instead of individual-level data. This clas-
sification method may lead to unavoidable mis-
classification in some cases. Third, the GBD
database lacks data on the pathological sub-
types of malignant melanoma, which differ in
malignancy and clinical prognosis. Finally, the
GBD database does not provide information
related to hormone replacement therapy and
ovarian function suppression therapy, which
affect hormone levels.

Conclusion

The risk and prognosis of malignant melanoma
in women may vary according to menopausal
status, potentially due to the complex effects
of sex hormones on the immune system.
Therefore, further studies are essential to
develop screening and treatment guidelines for
women with different levels of sex hormone in
different SDI regions.
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Table S1. GBD 2021 standard population structure

Age Group Percent of Population Rounded
Early Neonatal 0.0396232 0.04
Late Neonatal 0.117777 0.12
1 to 5 months 0.864776 0.86
6 to 11 months 1.01009 1.01
12 to 23 months 2.01613 2.02
2to4 5.9934 5.99
5t09 9.65824 9.66
10to 14 8.99361 8.99
1510 19 8.28913 8.29
20to 24 7.80122 7.8
25t029 7.59144 7.59
30to 34 7.32171 7.32
3510 39 6.82805 6.83
40to 44 6.14735 6.15
45 to 49 5.51133 5.51
50to 54 491312 4,91
55 to 59 4.34586 4.35
60to 64 3.68223 3.68
65 to 69 2.98509 2.99
70to 74 2.26526 2.27
75t0 79 1.59758 1.6
80to 84 1.09729 1.1
85 to 89 0.604519 0.6
90to 94 0.246663 0.25
95 plus 0.0785092 0.08




