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Abstract 

This study aimed to estimate the latest magnitudes and temporal trends of melanoma burden at the national, regional, and global 
levels. The data on melanoma incidence, deaths, and disability-adjusted life-years (DALYs) in 204 countries and territories between 

1990 and 2019 came from the Global Burden of Disease 2019 Study. Estimated annual percentage change (EAPC) was calculated 

to depict the temporal trends and Spearman rank correlation was used to analyze the influential factors of EAPC. From 1990 to 

2019, the incident cases of melanoma increased by 170% to 289,950, death increased by 90% to 62,840, and DALYs increased by 
67% to 1,707,800 globally. The age-standardized incidence rate (ASIR) of melanoma increased globally by an average of 1.13 [95% 

confidence interval (CI): 0.93–1.32], while the age-standardized rates of death and DALYs both declined with the EAPC of −0.27 

(95% CI: −0.36 to −0.19) and −0.49 (95% CI: −0.57 to −0.41). In 2019, the highest burden of melanoma was observed in 

Australasia, followed by high-income North America and Europe regions, which all presented an incremental growth in ASIR. The 
positive association between the EAPC in ASIR and socio-demographic index (SDI) in 2019 ( ρ = 0.600, P < 0.001) suggested that 
countries with higher SDI have experienced a more rapid increase in ASIR of melanoma. In conclusion, the burden of melanoma is 
increasing globally but differed greatly across the world. Notably, the high burden areas are facing a continuing increase in incidence, 
which implies more targeted strategies should be taken for reducing the increasing melanoma burden. 
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Melanoma is a malignant tumor with the most severe clinical symptoms 
nd highest mortality rate among skin cancers [ 1 , 2 ]. The incidence of
elanoma has increased since the early 1970s in predominantly white- 

kinned populations [3] . Over the past three decades, the factors affecting 
he burden of melanoma disease have remarkably changed worldwide. 

ith the change in leisure-time habits such as prolonged exposure to the 
un and indoor tanning experience, the dramatic increase in Ultraviolet 
UV) exposure lead to increased development of melanoma [4] . Although 
any countries have implemented public prevention campaigns such as the 

unSmart program and skin cancer screening campaign, due to the significant 
urden of melanoma, the long-term impact of which remains elusive during 
he upcoming years [ 5 , 6 ]. Due to differences in risk factors and prevention
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programs among countries and regions, the burden of melanoma has changed
considerably across the world. 

There are substantial disparities in melanoma burden between
populations. The Global Burden of Disease (GBD) 2015 estimated
that the greatest burden in melanoma fell on Australasian, North American,
European, elderly and male populations [7] . After 2015, the incidence rate
of melanoma continues to rise in some countries such as the United States
[8] , the Netherlands [9] , and China [10] . Melanoma remains a significant
threat to global public health with a heavy burden of incidence, prevalence,
and mortality, resulting in substantial financial cost, particularly among
Caucasians [11] . Fortunately, the burden of melanoma in certain countries
has decreased. For example, the incidence rate of melanoma has decelerated
in the United States among the younger population, while it has decreased
among the total population in Hungary [ 12 , 13 ]. The latest spatial patterns
and temporal trends of melanoma burden at global, regional and national
levels are still lacking, which is essential for targeted public policy-making,
such as public education on melanoma and healthcare resource allocation,
particularly in countries with high incidence or increasing burden. Hence,
this study aimed to comprehensively estimate the global, regional, and
national burden of melanoma on incidence, deaths, disability-adjusted
life-years (DALYs) in 2019 and its temporal changes from 1990 to 2019
based on the data of GBD 2019. We expect these results will help develop
cost-effective prevention strategies tailored to the population with different
characteristics and control the burden of melanoma. 

Material and methods 

Study data 

Using the online Global Health Data Exchange query tool from the
GBD Study 2019 ( http://ghdx.healthdata.org/gbd- results- tool ), we collected
annual melanoma case data on incidence, deaths, DALYs, and respective age-
standardized rates at global, regional, and national levels from January 1,
1990, to December 31, 2019. The GBD 2019, conducted by the Institute
for Health Metrics and Evaluation (IHME), uses all the available up-to-
date sources of epidemiological data and improved standardized methods to
provide a comprehensive assessment of health loss across 369 diseases and
injuries and 87 risk factors [ 14 , 15 ]. The repeatable analytical process and
statistical codes for estimating melanoma burden could be obtained from the
accessible supporting website ( http://ghdx.healthdata.org/gbd-2019/code ).
The detailed data entry, processing steps and modeling estimations of GBD
2019, including its main changes compared with previous years, have been
delineated in previous publications [ 14 , 16 ]. Here we presented the methods
specific to the estimation of melanoma. Each step used in the current study
to analyze the GBD database complies with the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER) statements [17] . The
melanoma-related burden information from the GBD study was estimated
based on multiple national cancer registry systems and aggregate database
of cancer registries, such as Cancer Incidence in Five Continents (CI5),
Surveillance, Epidemiology, and End Results (SEER), and NORDCAN
[ 16 , 18 ]. International Classification of Diseases, Ninth Revision (ICD-9) and
ICD-10 codes were used to define melanoma. In this study, all ICD10 codes
(C43-C43.9, Z85.82-Z85.828) and ICD 9 codes (172–172.9) of melanoma
were included. We also use the cases and age-standardized rates on incidence,
deaths, DALYs to fully describe the impact of melanoma on a population.
The rates were standardized according to the GBD world population and
were reported per 100,000 person-years. The 95% uncertainty intervals (UIs)
were produced for every metric using the 25th and 975th ordered 1000 draw
values of the posterior distribution. 

To describe the disease burden of melanoma in different geographic
units, 204 countries and territories were classified into five regions (low,
low-middle, middle, high-middle, and high SDI regions) according to the
orresponding socio-demographic index (SDI). SDI is a composite indicator 
f a country’s lag-distributed income per capita, average years of schooling,
nd the total fertility rate in females under the age of 25 years [19] . Moreover,
04 countries and territories were grouped into 21 GBD regions according
o a geographic hierarchy by the GBD collaborators, such as high-income
sia Pacific, Western Europe, and Australasia (21 GBD regions were list in
able 1 ), which were also simplified into seven super GBD regions based
n geographic location and the socioeconomic development (including Sub- 
aharan Africa, North Africa and Middle East, South Asia, Southeast Asia
nd East Asia and Oceania, Latin America and Caribbean, Central Europe
nd Eastern Europe and Central Asia, High-income) [ 14 , 15 ]. 

tatistical analyzes 

We chose the age-standardized rates (ASRs) of incidence, death and
ALYs based on the GBD population standard age structure to quantify

he melanoma burden by sex, SDI, and location from 1990 to 2019
or eliminating the effect of age composition [20] . The estimated annual
ercentage change (EAPC) is widely used to quantify trends of ASR from
990 to 2019 [21–23] . The natural logarithm of the ASR could be fitted in a
egression line, ln (ASR) = α + βx + ɛ , where x = calendar year. The EAPC
as calculated as 100 × (exp( β)-1), and its 95% confidence interval (CI)

ould also be generated from the linear regression model. In this study, when
he EAPC estimation and the lower boundary of its 95% CI were both > 0,
e considered the ASR as an increasing trend during the specified period. In

ontrast, when the EAPC estimation and the upper boundary of its 95% CI
ere both < 0, the ASR was in a decreasing trend. Otherwise, the ASR was
eemed to be stable over the study period. 

Additionally, to explore the influential factors for EAPCs of melanoma,
e evaluated the overall correlation between EAPCs and ASRs in 1990 as well

s SDI in 2019 using the Spearman rank correlation (considering the non-
ormal distribution) at the national level. The ASRs of melanoma in 1990
eflect the disease burden at baseline and the SDI in 2019 is a composite
ndicator of development status. The relationship between the EAPC and
SRs of melanoma in 1990 can be used to test whether the high-burden
ountries pour more attention into the prevention and control of melanoma
urden, and identify the key countries with high baseline burden and overall
pward trend. Considering the possible non-linear relationship, the Locally 
eighted Scatterplot Smoothing (LOWESS) regression was used to display 
ore detailed information between the EAPC of ASRs and possible factors

22] , which was implemented using the geom_smooth function with default
arameters of the ggplot2 package. All study analyzes were performed using
he R program (version 4.0.3). A two-sided P value of less than 0.05 was
onsidered statistically significant. 

esults 

stimates and variation in melanoma incidence burden 

From 1990 to 2019, the number of newly diagnosed melanoma cases
orldwide increased by 170%, from 107,380 (95% UI: 85,130–134,060) 

o 289,950 (95% UI: 214,480–341,970) ( Table 1 ). The age-standardized
ncidence rate (ASIR) has increased to 3.56 cases per 100,000 persons (95%
I: 2.63–4.19) in 2019 and was highest in high SDI regions (12.4/100,000),

uch as New Zealand (46.56/100,000), Australia (42.74/100,000) and 
etherlands (24.77/100,000) ( Table 1 , Fig. 1 A). Alarmingly, the ASIR of
elanoma significantly increased in all SDI regions between 1990 and 2019,

specially in high-middle SDI regions with an EAPC of 2.02 (95% CI: 1.85–
.19) ( Table 1 ). 

Among the 21 GBD regions, the ASIR was greater than 14.0/100,000
n Australasia, high-income North America and Western Europe. On the
ontrary, the lowest ASIR was found in South Asia (0.25/100,000), followed

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-2019/code
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Fig. 1. The global disease burden of melanoma in 204 countries and territories. (A) The ASIR of melanoma in 2019; (B) the ASDR of melanoma in 2019; 
(C) the EAPC in ASIR from 1990 to 2019; (D) the EAPC in ASDR from 1990 to 2019. ASIR, age-standardized incidence rate; ASDR, age-standardized 
death rate; EAPC, estimated annual percentage change. 
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Table 1 

. Incidence and age-standardized incidence rate per 10 0,0 0 0 people for melanoma in 1990 and 2019, and its estimated annual percentage change 

from 1990 to 2019. 

1990 2019 1990-2019 

Characteristics Incident cases 

No. × 10 3 (95% UI) 

ASIR per 10 0,0 0 0 

No. (95% UI) 

Incident cases No. 

× 10 3 (95% UI) 

ASIR per 10 0,0 0 0 

No. (95% UI) 

EAPC in ASIR No. 

(95% CI) 

Overall 107.38 (85.13,134.06) 2.56 (2.05,3.25) 289.95 (214.48,341.97) 3.56 (2.63,4.19) 1.13 (0.93,1.32) 

Sex 

Males 52.17 (34.83,70.91) 2.71 (1.84,3.77) 153.08 (89.76,193.33) 4.05 (2.34,5.06) 1.38 (1.16,1.59) 

Females 55.21 (41.15,72.93) 2.48 (1.85,3.29) 136.87 (92.69,166.59) 3.2 (2.18,3.9) 0.87 (0.69,1.05) 

SDI region 

High SDI 76.42 (57.94,95.32) 7.86 (5.93,9.66) 194.49 (139.7,237.65) 12.4 (9.18,15.5) 1.5 (1.28,1.71) 

High-middle SDI 22.4 (18.29,29.62) 2.04 (1.68,2.72) 67.63 (47.55,78.64) 3.54 (2.48,4.1) 2.02 (1.85,2.19) 

Middle SDI 4.99 (3.87,6.58) 0.44 (0.35,0.58) 17.3 (13.66,20.51) 0.7 (0.55,0.83) 1.84 (1.73,1.96) 

Low-middle SDI 2.1 (1.5,3.03) 0.32 (0.23,0.44) 6.12 (4.79,7.24) 0.42 (0.33,0.5) 1.03 (0.99,1.07) 

Low SDI 1.43 (0.92,2.25) 0.5 (0.34,0.73) 3.22 (2.44,4.16) 0.51 (0.38,0.65) 0.22 (0.14,0.3) 

GBD region 

High-income Asia Pacific 1.7 (1.47,2.24) 0.88 (0.75, 1.16) 5.74 (3.92,6.91) 1.76 (1.2, 2.11) 2.65 (2.38,2.93) 

High-income North 

America 

39.62 (28.89,47.58) 12.18 (8.81, 14.43) 90 (67.86,118.88) 16.62 (13.09, 22.68) 0.86 (0.63,1.09) 

Western Europe 34.46 (27.19,44.24) 7 (5.47, 8.92) 99.64 (61.38,119.77) 14.55 (9.16, 17.6) 2.58 (2.32,2.84) 

Australasia 7.19 (5.61,9.42) 31.72 (24.55, 41.32) 18.37 (12.44,24.06) 43.36 (30.23, 57.02) 0.98 (0.79,1.18) 

Tropical Latin America 1.36 (1.07,1.82) 1.3 (1.01, 1.73) 4.92 (3.94,6.94) 2.02 (1.62, 2.84) 1.47 (1.27,1.66) 

Andean Latin America 0.22 (0.17,0.32) 0.97 (0.75, 1.37) 0.79 (0.57,1.1) 1.37 (0.99, 1.92) 1.41 (1.31,1.51) 

Central Latin America 0.68 (0.6,0.99) 0.72 (0.62, 1.03) 3.46 (2.71,4.72) 1.43 (1.12, 1.95) 2.3 (2.18,2.42) 

Southern Latin America 0.73 (0.63,1.08) 1.58 (1.36, 2.32) 2.61 (1.82,3.49) 3.31 (2.32, 4.44) 2.33 (2.09,2.57) 

Caribbean 0.21 (0.18,0.28) 0.75 (0.65, 1.01) 0.57 (0.45,0.75) 1.11 (0.87, 1.46) 1.22 (1.15,1.28) 

Eastern Europe 6.75 (5.61,9.82) 2.54 (2.1, 3.69) 17.92 (13.06,22.51) 5.93 (4.36, 7.44) 3.21 (2.99,3.42) 

Central Europe 5.1 (4.3,6.77) 3.62 (3.06, 4.78) 13.82 (9.94,16.81) 7.73 (5.66, 9.4) 2.76 (2.59,2.94) 

Central Asia 0.55 (0.4,0.65) 1.12 (0.79, 1.31) 1.01 (0.85,1.44) 1.34 (1.13, 1.9) -0.05 (-0.4,0.29) 

North Africa and Middle 

East 

1.09 (0.64,1.56) 0.57 (0.34, 0.8) 3.88 (2.64,4.67) 0.83 (0.55, 1) 1.28 (1.2,1.36) 

South Asia 1.28 (0.92,1.8) 0.21 (0.15, 0.28) 3.77 (2.62,4.57) 0.25 (0.18, 0.3) 0.64 (0.59,0.7) 

East Asia 3.86 (2.72,5.43) 0.4 (0.29, 0.56) 17.35 (10.98,21.92) 0.91 (0.58, 1.14) 3.28 (2.97,3.58) 

Southeast Asia 0.75 (0.58,1.15) 0.26 (0.21, 0.38) 1.72 (1.36,2.39) 0.28 (0.22, 0.39) 0.23 (0.17,0.28) 

Oceania 0.02 (0.01,0.03) 0.48 (0.34, 0.83) 0.04 (0.02,0.06) 0.48 (0.33, 0.74) -0.01 (-0.04,0.02) 

Western Sub-Saharan 

Africa 

0.43 (0.27,0.61) 0.42 (0.28, 0.56) 1.05 (0.71,1.33) 0.45 (0.31, 0.57) 0.34 (0.27,0.41) 

Eastern Sub-Saharan 

Africa 

0.8 (0.52,1.31) 0.83 (0.57, 1.25) 1.94 (1.44,2.69) 0.9 (0.66, 1.2) 0.28 (0.22,0.33) 

Central Sub-Saharan 

Africa 

0.17 (0.11,0.28) 0.64 (0.44, 0.93) 0.41 (0.3,0.6) 0.67 (0.48, 0.92) 0.2 (0.13,0.26) 

Southern Sub-Saharan 

Africa 

0.4 (0.31,0.53) 1.31 (1, 1.65) 0.95 (0.64,1.18) 1.59 (1.04, 1.94) 0.72 (0.64,0.8) 

Abbreviations: No., number; ASIR, age-standardized incidence rate; UI, uncertainty interval; EAPC, estimated annual percentage change; CI, confidential 

interval. 
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by Southeast Asia (0.28/100,000). From 1990 to 2019, the ASIR increased
in all geographical regions except for Central Asia and Oceania, with the
most pronounced increase observed in East Asia (EAPC = 3.28), followed
by Eastern Europe (EAPC = 3.21) and Central Europe (EAPC = 2.76)
( Table 1 ). 

As for the 204 countries and territories, the ASIR in 2019 varied
considerably, with the highest observed in New Zealand (46.56/100,000),
and the lowest observed in Mongolia (0.22/100,000) ( Fig. 1 A, Tables S3 and
S4). The increasing trend in ASIR between 1990 and 2019 was observed
in most countries (159/204), with the highest increase in South Korea
(EAPC = 5.30; 95% CI: 4.93–5.67), followed by Belarus (EAPC = 4.77;
95% CI: 4.59–4.96) and Guatemala (EAPC = 4.60; 95% CI: 3.86–5.35)
( Fig. 1 C, Table S5). 
r  
stimates and variation in melanoma deaths and DALYs burden 

Globally, approximately 62,840 (95% UI: 46,320–71,000) individuals 
ied due to melanoma in 2019, which increased by 90% from 33,080
eaths (95% UI: 27,830–43,090) in 1990 (Table S1). Likely, melanoma was
esponsible for 1,707,800 global DALYs (95%UI: 1,295,600–1,997,500) 
nd increased by 67% from 1,025,700 DALYs in 1990 (Table S2). In 2019,
he estimated age-standardized death rate (ASDR) was 0.79 per 100,000
opulation, with the ASR of DALYs of 20.81/100,000. The ASDR and ASR
f DALYs showed a downward trend from 1990 to 2019 globally (EAPC in
SDR = −0.27; EAPC in ASR of DALYs = −0.49), apart from the low-
iddle SDI regions (Tables S1 and S2). 

Melanoma-related deaths and DALYs were both highest in high SDI
egions in 2019, such as Western Europe, High-income North America. The
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corresponding highest ASRs were also observed in high SDI regions, followed
by high-middle SDI and low SDI regions. The ASDR in 2019 exceeding
2/100,000 was observed in Australasia, High-income North America and
Central Europe. The ASR of DALYs was more than 50/100,000 in
Australasia, High-income North America, Central Europe, Western Europe,
and Eastern Europe (Tables S1 and S2). 

The ASDR in 2019 was highest in New Zealand (5.21/100,000)
and exceeded 3/100,000 in Australia, Norway, North Macedonia
and Sweden ( Fig. 1 B, Table S3). The ASDR was less than
0.17/100,000 in Mongolia, Egypt, Sri Lanka, and India ( Fig. 1 B,
Table S4). We also found that the top-five highest ASR of DALYs
were in New Zealand(152.05/100,000), Australia(124.66/100,000),
Norway(100.14/100,000), Sweden(92.55/100,000), and
Netherlands(88.35/100,000) (Table S3, Fig. S1A). Although the ASDR and
ASR of DALYs both presented a downward trend globally, 102 countries
presented a climbing trend in ASDR, and 87 countries in ASR of DALYs.
Guatemala had the largest increases in both ASDR and ASR of DALYs
(EAPC = 3.88, 95% CI: 3.13–4.63; EAPC = 3.27, 95% CI: 2.63–3.92),
followed by Belarus and Greece (Table S5, Figs. 1 D and S1B). 

The variation of global melanoma burden in sex and age 

Globally, in 2019, the ASRs of incidence, death and DALYs in men were
1.27-times, 1.56-times, and 1.44-times as high as those in women. From
1990 to 2019, the increase of ASIR in males (EAPC = 1.38, 95% CI: 1.16–
1.59) was more obvious than those in females (EAPC = 0.87; 95% CI, 0.69–
1.05), while the decreases in ASDR and ASR of DALYs were significantly
greater in women than in men ( Tables 1 , S1 and S2). The gender disparity in
the disease burden of melanoma presented a slight widening trend. 

We also analyzed the incidence rate, death rate and DALYs rate for males
and females in the different age groups and SDI regions. Figs. 2 and S2
showed that prominent incidence rate, death rate and DALYs rate occurred
in the older 70 age group, especially among males and high SDI regions.
From 1990 to 2019, the incidence rate increased in almost all age groups,
especially among the population aged over 80 years ( Fig. 3 A). Further, we
found that the death rate and DALYs rate showed a downward trend in age
groups younger than 80 years old, especially among the people aged 30–49
years, whereas showed an upward trend among the population aged over 80
years ( Fig. 3 B,C). 

Influential factors for EAPCs 

We found a positive relationship between the EAPC in ASIR and initial
ASIR when the ASIR was below 4/100,000 at the national level in 1990
( ρ = 0.422, P < 0.001), which showed the countries with higher baseline
ASIR usually had a higher increase in ASIR (EAPC of ASIR > 0) ( Fig. 4 A).
However, when the baseline ASIR was greater than 4/100,000, the association
was negative, but the EAPC was still greater than zero ( Fig. 4 A). In addition,
the EAPC in ASIR was positively associated with the SDI in 2019 ( ρ = 0.600,
P < 0.001), which indicated that the higher SDI regions even presented
a faster growth in ASIR (EAPC of ASIR > 0) ( Fig. 4 C). Surprisingly, the
EAPC of melanoma ASDR showed a slight correlation with the baseline
ASDR ( ρ = 0.151, P = 0.031) while there was no significant trend at
different SDI in 2019 ( ρ = 0.104, P = 0.138) ( Fig. 4 B,D). Meanwhile, a
significant association between EAPC in age-standardized DALYs rate and
age-standardized DALYs rate in 1990 ( ρ = 0.177, P = 0.011), as well as that
between EAPC in age-standardized DALYs rate and SDI in 2019 ( ρ = 0.137,
P = 0.049) were found in our study (Fig. S3). 
iscussion 

In this study, we comprehensively reported the most up-to-date estimates 
f spatial patterns and temporal trends of the incidence, death, and DALYs 
ssociated with melanoma worldwide. The variations and trends of melanoma 
urden differed greatly across the world. Our study showed that the highest 
SRs of melanoma burden were in high SDI regions and males in 2019.
oreover, although there was a slight decrease in ASDR and ASR of DALYs,

he ASIR of melanoma burden dramatically increased globally in the past 
hree decades. This is important for increasing the world’s attention to 
educing the burden of melanoma especially for countries with a high or 
ncreasing burden. 

In 2019, the highest ASIR, ASDR and ASR of DALYs were all observed
n high SDI regions, especially Australasia and High-income North America 
egions. The reasons for the high burden of melanoma in Australasia 
nd High-income North America had not yet been fully elucidated, and 
ay include a predominantly fair-skinned population, high ambient UV 

adiation, an outdoor lifestyle and culture of tanning [24–26] . In addition, 
n terms of national differences, we found that among 204 countries, the 
op five countries with the highest ASDR and ASR of DALYs in 2019
ere New Zealand, Australia, Norway, Sweden and the Netherlands, which 
as consistent with the GBD 2015 estimates [7] . Considering the global 
urden of melanoma (incidence, death, and DALYs), Europe was one of 
he most affected places in the world [27] , as our study found that Norway,
weden and Netherlands were in the top five ASDR and ASR of DALYs
or melanoma. Moreover, in addition to New Zealand and Australia, there 
re three European countries in the top five ASIR countries: Netherlands, 
orway and Denmark. Previous studies have presented that the incidence of 
elanoma ranked fourth among 25 major cancers in Europe in 2018 [12] .
hese indicate that melanoma has already become a significant health care 
roblem across Europe. 

From 1990 to 2019, the increasing trend in ASIR was observed in all
DI regions, while decreasing trends in ASDR and ASR of DALYs were 
bserved in all SDI regions except for the low-middle SDI regions. Although 
he low-middle SDI regions have a growth trend of burden, the burden of
hese regions in 2019 is still the lowest among the five SDI regions because
here has a relatively low baseline burden. However, for low SDI regions, the
eclining trend in ASDR and ASR of DALYs may be partly due to the limited
ata source of melanoma there. The increasing trend in ASIR was observed in
ost countries (159/204), with the highest increase in South Korea, followed 

y Belarus and Guatemala. One reason for the increase in incidence rates 
ay be the earlier detection and diagnosis of melanoma, which was not 

etected earlier in the past [28] . A study demonstrated that in South Korea,
utaneous melanoma occurred mainly at acral sites (such as the palm or sole
r nails or toenails), making it easy to find pathological changes earlier [29] .
nother study noted that the obviously increased ASIR of melanoma in South 
orea may be associated with a national screening program for cancer and 
ther common diseases that began in 1999, although the absolute increase 
f melanoma was slight [30] . Indeed, Germany has initiated a national 
creening program (SCREEN project) for malignant melanoma since 2008, 
nd showed it could lead to substantial increases in incidence [31] . While
here is a suspicion that there is currently “overdiagnosis”, this has not been
roven [32] . Besides, compared with the increase or stability of mortality in
revious studies [ 33 , 34 ], the latest data showed that the ASDR of melanoma
ecreased globally. This may be related to the development of health care and
edical technology, such as early detection through skin cancer screenings, 

etter diagnostic tools, and the approval of immunotherapy and molecularly 
argeted therapies for advanced melanoma [35–37] . 

Sex differences were observed in the distribution of melanoma [38] . We 
ound that melanoma-related ASIR, ASDR, and ASR of DALYs were higher 
n males than in females worldwide in 2019, which was consistent with the
BD 2015 estimates [7] . Of note, over the past 30 years, males have a higher
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Fig. 2. Age-specific rates of melanoma burden by sex and SDI regions from 1990 to 2019. (A) Incidence rate; (B) death rate; (C) DALYs rate. SDI, Socio- 
demographic index; DALYs, disability-adjusted life-years. 
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growth in ASIR, whereas females have a higher decline in ASDR and ASR of
DALYs. This suggests the gender disparity in the disease burden of melanoma
is further widening. Thus, more attention should be paid to the prevention
and management of melanoma in males. Studies have shown that more
than 80% of melanomas could be attributed to UV exposure [39] . There
are different UV exposure habits between males and females. Males spent
more time in the sun and had less UV protection, while females were more
likely to avoid the sun and use sunscreen [40] . Other studies indicated that
females attached great importance to skin health status, actively conducted
skin examination, which could detect tumors at a younger age, and responded
more effectively to treatment [ 41 , 42 ]. However, males were significantly older
at the time of diagnosis, and their survival rate was worse than that in females,
with a worsening trend in time [43] . Other behavioral and lifestyle factors that
ay affect gender differences in the risk of melanoma included alcohol and
iet [44] . 

This study also analyzed the incidence rate, death rate and DALYs rate in
he different age groups and SDI regions. Our results showed that the age-
pecific rates for incidence, death, and DALYs all peaked at elderly people over
0 years old, especially in the high SDI regions. The higher burden observed
n elderly people may be partly due to peak incidence rates by a structural
nd physiologic decline that occurred as a natural consequence of aging [45] .
esides, the aging of the global population may explain some of the increase in
SIR of melanoma worldwide [46] . Furthermore, we found that the DALYs

ate largely decreased among the population aged 30–49 years from 1990 to
019, which may be related to decreasing sun exposure in children following
ntensive preventive campaigns in some countries [47] . 



18 Spatiotemporal trends of the global burden of melanoma in 204 countries and territories from 1990 to 2019: Results from the 2019 global burden 
of disease study Z. Li et al. Neoplasia Vol. 24, No. xxx 2022 

Fig. 3. The change of the burden of melanoma by different sexes and age groups, from 1990 to 2019. (A) EAPC in incidence rate, (B) EAPC in death rate, 
(C) EAPC in DALYs rate. EAPC, estimated annual percentage change; DALYs, disability-adjusted life-years. 
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We further discussed the relationship between the EAPCs in melanoma
burden and baseline burden in 1990 and SDI in 2019, which has not
been previously reported. As shown in the results, among countries with
relatively low baseline burden, the higher the baseline burden, the more
bvious the upward trend of ASIR. However, among countries with relatively 
igh baseline burden, such as Australia, New Zealand, Norway, and the 
nited States, EAPC of ASIR showed a downward trend as the baseline 
SIR increased. This phenomenon could be explained as: the countries with 
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Fig. 4. Influential factors for the EAPCs in age-standardized burden rate of melanoma from 1990 to 2019 at the national level. (A) EAPC in ASIR and ASIR 

in 1990; (B) EAPC in ASDR and ASDR in 1990; (C) EAPC in ASIR and SDI in 2019; (D) EAPC in ASDR and SDI in 2019. The blue line was an adaptive 
association fitted with adaptive Loess regression based on all data points. The ρ indices and p values presented were derived from the Spearman rank correlation. 
EAPC, estimated annual percentage change; ASIR, age-standardized incidence rate; ASDR, age-standardized death rate; SDI, Socio-demographic index (For 
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.). 
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[  
low melanoma burden are unlikely to make the prevention and control of
melanoma as a high priority due to limited economic conditions, especially
in poorer regions [48] . The experience of melanoma intervention in countries
with relatively slow ASIR growth, such as the SunSmart program in Australia
and the sunscreen campaign in the United States, is worth learning from
countries such as South Korea, Belarus, and Guatemala that have seen rapid
growth in the burden rate of melanoma [ 5 , 13 ]. In addition, some studies
report that socioeconomic status remains closely associated with the incidence
and prognosis of cancer [ 49 , 50 ]. In our study, our results showed that the
annualized increasing trend of ASIR due to melanoma was associated with
the increasing SDI, which indicated that countries with higher SDI have
experienced a more rapid increase in ASIR of melanoma from 1990 to 2019.
Possible reasons include: because of adequate economic and health resources,
the higher SDI countries with a predominantly fair-skinned population have
witnessed early detection through screening, improved accurate diagnoses,
effective cancer registration system, and increased UV radiation caused by
changes in behavior and lifestyle [ 26 , 36 ]. 

GBD studies provide a high-quality estimate of the global cancer burden,
but some shortcomings need to be stressed. First, as for other disease burden
estimation, the burden of melanoma is reconstructed by mathematical models
based on GBD 2019, and bias could not be avoided in fitting the unavailable
data [14] . Second, the heterogeneity in quality and quantity of data sources,
and differences in diagnostic methods among countries or territories in the
GBD study may affect our analysis results. Moreover, in our study, the
spatial and temporal trends of histopathological subtypes of melanoma (like
superficial spreading melanoma and acral lentiginous melanoma) were not
further quantified and analyzed due to the inaccessibility of relevant data.
Finally, this study lacks an estimate of underlying risk factors of melanoma,
such as sunburns, the number of melanocytic nevi, indoor tanning, because
those risk factors for melanoma were not included in the GBD database.
Future research should focus on this aspect and try our best to expand
potential risk factors for diseases in the GBD study, which will help guide
different countries and regions to formulate specific prevention and control
policies for reducing the burden of melanoma. 

Conclusion 

In conclusion, the melanoma burden and its trends were unevenly
distributed among different sexes, age groups and geographic locations.
This study revealed that the burden of melanoma was still pronounced
in high SDI regions, males, and aged populations in 2019 worldwide.
Furthermore, the ASIR of melanoma global burden showed a substantial
increase trend, although in some SDI regions, the ASDR and ASR of DALYs
presented a slight decrease trend from 1990 to 2019. The overall burden
of melanoma is very staggering. Based on the estimates and variation in
melanoma burden, more detailed prevention and control strategies such as
conducting related health education, decreasing UV exposure, and screening
susceptible populations, should be implemented especially in regions and
countries with a high or increasing incidence rate. 
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