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ABSTRACT

Background: Acne is acommon, multifactorial skin condition with significant psychosocial and public health impacts. However,
its burden among reproductive-age women remains underexplored.

Methods: Using Global Burden of Disease (GBD) 2021 data, we analyzed acne incidence, prevalence, and disability-adjusted
life years (DALYs) in females aged 15-49 across 204 countries (1990-2021). Trends were assessed via age-standardized rates and
estimated annual percentage change (EAPC). Decomposition and inequality analyses identified contributing factors. Bayesian
age-period-cohort (BAPC) modeling projected trends to 2040.

Results: From 1990 to 2021, acne incidence, prevalence, and DALYs rose by 34%, 38%, and 37%, respectively. The greatest in-
creases occurred in low-socio-demographic index (SDI) regions (e.g., Sub-Saharan Africa). The 15-19 age group had the highest
burden, but older age groups showed faster growth. Population growth was the key driver. Inequalities narrowed overall but
remained complex. Projections show continued burden growth by 2040.

Conclusions: The acne burden among reproductive-age women is increasing globally, especially in low-SDI regions and adoles-
cents, underscoring the need for targeted strategies.

1 | Introduction environmental exposures [2]. Emerging evidence further impli-

cates air pollution, dietary habits, and climate change in aggravat-
Acne vulgaris is a chronic inflammatory skin disorder and one of ~ ing acne, particularly in urban settings [3-5]. Beyond its physical
the most prevalent dermatologic conditions globally, with substan- manifestations, acne can severely affect quality of life, contribut-
tial implications for public health [1]. It is a multifactorial disease ing to reduced self-esteem, body image concerns, and heightened
influenced by hormonal fluctuations, genetic predisposition, and risks of anxiety, depression, and other mental health disorders [6].

Abbreviations: ASIR, age-standardized incidence rate; ASPR, age-standardized prevalence rate; ASR, age-standardized rate; BAPC, Bayesian Age-Period-Cohort;
CI, Concentration Index; DALYs, disability-adjusted life years; EAPC, estimated annual percentage change; GBD, Global Burden of Disease; ICD, International
Classification of Diseases; INLA, Integrated Nested Laplace Approximation; SDI, Socio-Demographic Index; SII, Slope Index of Inequality; UV, ultraviolet.
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Despite its high prevalence, existing epidemiological studies
primarily focus on traditional high-risk populations, such as
adolescents [7]. However, acne is increasingly affecting adult
women, who often exhibit distinct clinical features, treatment
responses, and psychosocial impacts compared to younger indi-
viduals [7, 8]. Notably, up to 45% of women aged 21-30 and 12%
of those aged 41-50 experience acne [9]. Yet, studies specifically
examining acne among women of reproductive age remain lim-
ited, especially regarding global spatiotemporal trends.

The growing availability of high-quality datasets, such as the
Global Burden of Disease (GBD) Study, provides unprecedented
opportunities to assess disease distribution, trends, and determi-
nants across populations. While acknowledging the limitations
of modeled estimates—particularly in data-scarce regions—GBD
remains the most comprehensive source for understanding global
health patterns. These data facilitate exploration of acne's associa-
tion with sociodemographic status, healthcare infrastructure, and
environmental risk factors.

This study utilizes the GBD 2021 dataset to assess global, re-
gional, and national trends in the burden of acne vulgaris among
women of reproductive age from 1990 to 2021. Through rigor-
ous epidemiological analysis and statistical modeling, we aim to
identify key drivers of burden and inform targeted clinical and
policy interventions [10].

2 | Materials and Methods
2.1 | Data Source

This study utilized data from the Global Burden of Disease Study
2021 database (https://ghdx.healthdata.org/gbd-2021), which
provides comprehensive estimates for 204 countries and territo-
ries, 371 diseases and injuries, and 88 risk factors. We extracted
data on incidence, prevalence, and disability-adjusted life years
(DALYs) for acne vulgaris among women of reproductive age
(15-49years) from 1990 to 2021 [10-13].

2.2 | Disease Definition

Acne vulgaris is classified under the noncommunicable diseases
category in the GBD 2021 hierarchy, specifically under skin
and subcutaneous diseases. It corresponds to the International
Classification of Diseases (ICD)-10 code L70 and ICD-11 code
EDS0 [10, 13].

2.3 | Statistical Analysis

We calculated age-standardized rates (ASRs) for incidence,
prevalence, and DALYs using the GBD 2021 world standard pop-
ulation. The estimated annual percentage change (EAPC) was
computed to quantify temporal trends in ASRs. We employed a
log-linear regression model: In(ASR) =a + f3 X year + €, where 3
represents the EAPC.

To assess health inequalities, we used the Slope Index of Inequality
(SII) for absolute disparities and the concentration index for

relative inequalities (range: —1 to 1, with 0 indicating equality).
Decomposition analysis attributed changes in disease burden to
population growth, aging, and epidemiological shifts. The sociode-
mographicindex (SDI)wasapplied to examine development-related
patterns,usinglocallyestimatedscatterplotsmoothing(LOESS)and
Spearman'’s rank correlation for trend visualization and association
analysis. Future projections (2022-2040) employed a Bayesian
age-period-cohort (BAPC) model via the integrated nested Laplace
approximation (INLA). All analyses were conducted in R v4.4.1
using standard packages, with significance set at p<0.05.

3 | Results

3.1 | Sociodemographic Disparities in Acne
Vulgaris Burden Among Women of Reproductive
Age: A Global Analysis

The global burden of acne vulgaris among reproductive-
age women significantly increased between 1990 and 2021
(Figures 1, S1 and S2, Tables S1-S4). Incidence rose by 34%, from
23.1 to 31.0 million cases, with a 4% increase in age-standardized
incidence rates (ASR; Table S1). Prevalence increased by 38%,
from 65.0 to 89.3 million cases, accompanied by an 8% rise in
ASR (Table S3). DALYs attributed to acne rose by 37%, from
1.38 to 1.90 million, also with an 8% increase in ASR (Table S4).
EAPC indicated consistent upward trends (0.17%-0.28%).

3.2 | Sociodemographic Disparities in Acne
Vulgaris Burden Among Women of Reproductive
Age: A 5-SDI Region Analysis

Acne vulgaris among women of reproductive age exhibited no-
table sociodemographic disparities from 1990 to 2021 (Figures 1,
S1 and S2, Tables S1, S3, and S4). Low-SDI regions had the larg-
est increases in incidence (180%), prevalence (182%), and DALYs
(183%), with substantial rises in age-standardized rates (ASR:
14%-16%) and high estimated annual percentage changes (EAPC:
0.46-0.64). Conversely, high-SDI regions showed minimal
growth (incidence 2%, prevalence 4%, DALYs 3%, ASR: 1%-5%,
and EAPC: 0.05-0.10), while high-middle SDI regions slightly de-
clined in incidence, prevalence, and DALYs (—3% to —4%).

3.3 | Global Disparities in Acne Vulgaris Burden
Among Women of Reproductive Age: A 21-Region
Analysis

Acne vulgaris among reproductive-age women exhibited marked
disparities across 21 global regions from 1990 to 2021 (Figures 1,
2,S1 and S2, Tables S1-S4). Western Sub-Saharan Africa saw the
greatest incidence increase (206%; cases rising from 720,594 to
2,203,121; ASR +13%; EAPC: 0.43 [95% CI: 0.40-0.46]; Table S1),
while high-income Pacific Asia experienced the largest inci-
dence decline (23%; from 1,203,821 to 927,249 cases), despite a
6% ASR increase (EAPC: 0.31 [95% CI: 0.24-0.37]). Prevalence
rose significantly in South Asia (102%; from 9.1 to 18.5 million
cases; ASR +18%; EAPC: 0.69 [95% CI: 0.59-0.79]; Table S3).
DALY trends paralleled incidence and prevalence, with notable
increases in Sub-Saharan Africa and stability or slight declines
in high-income regions (Table S4).
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FIGURE 1 | Global, SDI-specific, and regional trends in age-standardized incidence rates of acne vulgaris among women of reproductive age,

1990-2021.

3.4 | Global Heterogeneity in Acne Vulgaris
Burden Among Women of Reproductive Age: A
204-Country Analysis

Acne vulgaris among reproductive-age women displayed notable
disparities across 204 countries from 1990to 2021 (Figures 3and S3,
Tables S4-S7). Equatorial Guinea showed the largest increases in
incidence (362%;cases: 1602 t07399; ASR +29.63%; EAPC:0.91 [95%
CI: 0.88-0.95]; Table S5), prevalence (354%; cases: 5089 to 23,106;
ASR +28.87%; Table S6),and DALYs(357%; ASR +29.90%; Table S7).
Oman and Sudan also exhibited substantial increases (>160% in
incidence and prevalence). Conversely, Poland had the greatest
incidence decline (—25.70%; ASR —1.10%; EAPC: —0.07 [95% CI:
—0.14 to —0.01]), and Germany experienced a prevalence reduc-
tion (—12.09%), despite a modest rise in prevalence rates (+4.11%).

DALY trends mirrored incidence and prevalence, with significant
increases in Equatorial Guinea, Oman, and Sudan, and minor
changes in countries such as Germany, Switzerland, and New
Zealand.

3.5 | Age-Specific Patterns of Acne Vulgaris
Burden Among Women of Reproductive Age: A
Global Perspective

Acne vulgaris among reproductive-age women displayed sig-
nificant disparities by age from 1990 to 2021 (Figures 4, 5,
and S3, Tables S2, S6, and S7). The 15-19 age group had the
highest burden, with incidence rising by 28% (cases: 12.4-15.9
million; ASR +8%; EAPC: 0.32 [95% CI: 0.29-0.35]; Table S2),
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FIGURE2 | Percentage changes and EAPC in acne vulgaris burden among women of reproductive age, 1990-2021. (A) Global, SDI-specific, and
regional changes in incidence numbers, rates, and EAPC. (B) Global, SDI-specific, and regional changes in prevalence numbers, rates, and EAPC.
(C) Global, SDI-specific, and regional changes in DALY numbers, rates, and EAPC.
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FIGURE 3 | National-level EAPC in acne vulgaris burden among women of reproductive age, 1990-2021. (A) Age-standardized incidence rates
across 204 countries and territories. (B) Age-standardized prevalence rates across 204 countries and territories. (C) EAPC in age-standardized inci-
dence rates across 204 countries and territories. (D) EAPC in age-standardized prevalence rates across 204 countries and territories.

prevalence increasing by 35% (ASR +13.58%; EAPC: 0.46 [95% cases (108%), but only a slight ASR rise (+0.48%). In contrast,
CI: 0.44-0.48]; Table S6), and DALYs similarly increasing the 30-44 age groups experienced slight declines across in-
by 35% (ASR +14%; Table S7). While burden decreased with cidence, prevalence, and DALY rates, with negative EAPC
age, the 45-49 group showed the greatest relative increase in values.
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Global and Regional Trends in Female Age—Standardized Incidence Rates, 1990-2021
A 15to 19 20to 24 25t0 29 30to 34 351039 40 to 44 45 to 49

High-middle SDI
Middle SDI
Low-middle SDI
Low SDI

High-income Asia Pacific

High—-income North America
Western Europe

Australasia

Andean Latin America
Tropical Latin America
Central Latin America
Southern Latin America
Caribbean

Central Europe

Eastern Europe

Central Asia

North Africa and Middle East
South Asia

Southeast Asia

East Asia

Oceania

Western Sub-Saharan Africa
Eastern Sub-Saharan Africa
Central Sub—-Saharan Africa
Southern Sub-Saharan Africa

112-262 262-3706 370.6-510.2 510.2-675.3 675.3-802.3 802.3-1091.8 1091.8-1478.5 1478.5-2417.3 2417.3-4487.4 4487.4-7399.4

Global and Regional Trends in Female Age—Standardized Prevalence Rates, 1990-2021
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FIGURE 4 | Age-specific trends in acne vulgaris burden among women of reproductive age, 1990-2021. (A) Global, SDI-specific, and regional
trends in age-specific incidence rates. (B) Global, SDI-specific, and regional trends in age-specific prevalence rates.
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FIGURES5 | Trends in acne vulgaris among women of reproductive age from 1990 to 2021. (A) EAPC in incidence rates globally, in 5 SDI regions,
and 21 world regions, stratified by age group. (B) EAPC in prevalence rates globally, in 5 SDI regions, and 21 world regions, stratified by age group.
(C) EAPC in DALY rates globally, in 5 SDI regions, and 21 world regions, stratified by age group.

3.6 | Age-Specific and Sociodemographic
Disparities in Acne Vulgaris Burden Among Women
of Reproductive Age: A 5-SDI Region Analysis

Acne vulgaris among reproductive-age women showed marked
disparities across SDI regions and age groups from 1990 to
2021 (Figures 4, 5, and S3, Tables S2, S6 and S7). The greatest
increases occurred in low-SDI regions, especially among ado-
lescents. In the 15-19 age group, incidence rose by 180% (ASR

+14%; EAPC: 0.45 [95% CI: 0.42-0.49]), while high-SDI regions
saw a 12% decline (ASR -4%; EAPC: -0.07 [95% CI: —0.13 to
—0.02]; Table S2). Prevalence in low-SDI regions rose by 183%
(ASR +15.43%; EAPC: 0.51 [95% CI: 0.48-0.55]), compared to
only 2% in high-SDI regions (ASR +7.60%; EAPC: 0.20 [95% CI:
0.15-0.24]; Table S8). DALYs showed similar patterns: low-SDI
regions increased by 185% (ASR +16%; EAPC: 0.54 [95% CI:
0.50-0.57]), whereas high-SDI regions rose only 2% (ASR +7%;
EAPC: 0.19 [95% CI: 0.15-0.23]; Table S9).
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3.7 | Age-Specific and Regional Disparities in Acne
Vulgaris Burden Among Women of Reproductive
Age: A 21-Region Analysis

Between 1990 and 2021, acne vulgaris among reproductive-
age women showed marked regional and age-specific dispari-
ties (Figures 4, 5, and S4, Tables S2 and S6-S9). Sub-Saharan
Africa had the most significant increases, especially among
15-19-year-olds, with incidence rising by 205% in the west and
194% in the center (ASR +12%-13%; EAPC: 0.35-0.44). In con-
trast, High-Income Asia Pacific saw a 45% decline in incidence,
and High-Income North America experienced an 11% rise in
cases but a 7% drop in ASR (EAPC: —0.50). Prevalence rose in
Western Sub-Saharan Africa (+212%) and South Asia (+91%),
with milder changes in high-income regions. DALYs followed
similar patterns, with major increases in Western Sub-Saharan
Africa (+214%) and South Asia (+92%), while high-income areas
saw only slight changes. Notably, the 45-49 age group in North
Africa and the Middle East showed a 243% increase in DALYs
(ASR +17%; EAPC: 0.56), and East Asia showed rising DALY
rates despite declining case counts, indicating a growing relative
burden.

3.8 | Socio-Demographic Index and Acne Vulgaris
Burden Among Women of Reproductive Age: A
Global Analysis

The burden of acne among reproductive-age women shows a
complex, nonlinear association with the SDI, reflecting the
multifaceted link between socioeconomic status and health
(Figure S5A-F). Age-standardized incidence (ASIR) and prev-
alence rates (ASPR) initially decline with rising SDI before in-
creasing again, suggesting a U-shaped relationship (Figure S5A,
R=0.38, p=2.6e-28; Figure S5B, R=0.33, p=2.4e-21). Western
Europe and Central Europe deviate significantly from expecta-
tions, with higher and lower burdens, respectively. In contrast,
age-standardized DALY rates decrease steadily with increasing
SDI (Figure S5C, R=0.34, p=4.8e-22), though Western Europe
still shows elevated burden.

National-level data in 2021 (204 countries) confirm these trends.
The ASIR-SDI correlation (Figure S5D, R=0.42, p=2.8e-10) re-
veals higher-than-expected burdens in Germany, Portugal, and
Norway, while Honduras, Brazil, and Guatemala fall below pre-
dicted levels. Similar patterns are found for ASPR (Figure S5E,
R=0.32, p=3.3e-06) and DALY rates (Figure S5F, R=0.32,
p =3.0e-06), with Germany, Portugal, and Luxembourg showing
excess burden, and Albania, North Macedonia, and Romania
well below expectations.

3.9 | Decomposition Analysis of Changes in Acne
Vulgaris Burden Among Women of Reproductive
Age From 1990 to 2021

From 1990 to 2021, acne-related DALYs among reproductive-age
women increased globally by 515,535years, primarily driven by
population growth (+119.18%), with aging offsetting 42.64% and
epidemiological changes adding 23.46% (Figure S6, Table S10).

Similar patterns were observed for prevalence and incidence.
High-SDI regions saw modest DALY gains (+10,554.5years),
largely offset by aging (—222.26%). High-middle SDI regions had
anet DALY decrease (—10,579.09 years) despite substantial epide-
miological growth, due to strong aging effects (—666.3%). DALYs
rose substantially in middle-, low-middle-, and low-SDI regions,
mainly due to population growth (85%-93%). Regionally, South
Asia had the largest DALY rise (+198,612years), while East Asia
(—68,122years) and High-Income Asia Pacific (-15,462years)
declined due to aging and population reduction. Sub-Saharan
Africa showed major DALY increases across all subregions,
driven overwhelmingly by population growth (~88%-89%).

3.10 | Health Inequality Analysis of Acne Vulgaris
Among Women of Reproductive Age

From 1990 to 2021, health inequalities in acne burden among
reproductive age women shifted notably (Figure S7A-F). The
SII for incidence dropped from 223 to 103, and the CI declined
from 0.09 to 0.04, indicating reduced inequality (Figure S7A,B).
In contrast, prevalence showed rising absolute inequality (SII:
—319 to 780), though the CI decreased to 0.00, suggesting a more
balanced distribution (Figure S7C,D). For DALYs, the SII fell
from —6 to —16 and the CI from 0.06 to 0.00 (Figure S7E,F),
reflecting a more equitable distribution overall. These findings
suggest declining inequality, but with increasingly complex pat-
terns requiring tailored interventions.

3.11 | Projected Global Burden of Acne Vulgaris
Among Women of Reproductive Age: 2022-2040

The global burden of acne among reproductive age women is
projected to rise steadily through 2040 (Figure S8, Table S11).
BAPC model forecasts indicate increases across incidence, prev-
alence, and DALYs. Incidence is expected to grow from 31.7 mil-
lion cases in 2022 (ASIR: 1661.01 per 100,000) to 34.9 million in
2040 (ASIR: 1697.54; Figure S8A,B). Prevalence will rise from
91.6 million (ASPR: 4824.41) to 105.3 million (ASPR: 5162.15;
Figure S8C,D). DALYs are projected to increase from 1.94 mil-
lion (rate: 102.30) to 2.21 million (rate: 108.11; Figure S8E,F).
Although age-standardized rates show modest growth, the ab-
solute burden will climb substantially due to population expan-
sion and aging, emphasizing the urgent need for strengthened
global acne prevention and management strategies.

4 | Discussion

Acne vulgaris (AV) among women of reproductive age has
significantly increased globally, with incidence rising by 34%,
prevalence by 38%, and disability-adjusted life years (DALYs) by
37% over 32years. This increase reflects shifts in diet, lifestyle,
environmental exposures, and healthcare access, beyond demo-
graphic changes alone. The consistent rise in age-standardized
rates (ASRs) suggests evolving risk factors are driving this
trend. Acne's substantial psychosocial impact, including depres-
sion and anxiety, underscores its importance as a public health
issue [14, 15]. Environmental pollutants, particularly particulate
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matter and nitrogen oxides, have emerged as critical factors ex-
acerbating acne [4, 16].

Disparities in acne burden reflect differences in economic status,
healthcare access, and cultural factors. Low- and lower-middle
SDI regions experienced dramatic increases in acne incidence
(180%), driven by rapid population growth and limited health-
care infrastructure. High-SDI regions maintained stable ASRs
due to better diagnostic capabilities, but still face significant
disease burdens. Middle-SDI regions show variable trends influ-
enced by urbanization and dietary shifts, highlighting the need
for targeted research and intervention [17]. Women aged 15-19
experience the highest acne burden due to hormonal changes
and psychosocial impacts, including mental health challenges
[18]. Notably, the increasing burden among women aged 45-49
highlights a shift away from acne as primarily adolescent-
related, likely driven by hormonal transitions and environmen-
tal factors. Older women's experiences include significant stigma
and quality-of-life impacts distinct from younger populations,
emphasizing the need for tailored management strategies [7, 8].

The trends observed in this study highlight the need for a deeper
understanding of the multifactorial etiology of acne. Dietary
transitions to high glycemic-load foods and increased dairy con-
sumption have been linked to worsened acne outcomes [19, 20].
Recent evidence specifically implicates the consumption of
milk, sugary beverages, and fatty and sugary products with
current acne in adults, with an energy-dense dietary pattern
showing a significant association with acne symptoms [5, 21],
and may explain the rising prevalence in urbanized settings.
Environmental pollutants and endocrine disruptors increase ox-
idative stress and inflammation, worsening acne in industrializ-
ing regions [22]. Additionally, urban-related psychological stress
may elevate cortisol and sebaceous activity, further contributing
to acne development [1, 23].

Climate change, notably rising temperatures and ultraviolet
(UV) exposure, further disrupts the skin microbiome and in-
flammatory responses, contributing to the global acne burden
[3, 24].

Addressing the global acne burden requires expanding access to
affordable dermatological care, especially in low- and middle-
income regions, and promoting health literacy campaigns to
encourage early intervention and dietary changes to reduce
inflammation. Tailored strategies for different age groups, in-
cluding mental health support for adolescents and comprehen-
sive care for adults dealing with hormonal and environmental
factors, are essential. Enhanced research investment into acne's
pathophysiology and environmental influences is necessary for
preventive strategies. Integrating acne care into primary health-
care through task-shifting approaches will bolster healthcare
systems, while environmental and dietary policy reforms aimed
at reducing pollution and fostering healthier lifestyles can sig-
nificantly mitigate the global burden of acne [25].

According to future projections from 2022 to 2040, the acne bur-
den is expected to increase by 15%, primarily due to population
growth and aging, posing significant challenges, especially for
low-SDI regions. Strengthening dermatological infrastructure,
community interventions, and regional capacity-building in

Sub-Saharan Africa and South Asia is critical. Interdisciplinary
research into pollution, dietary changes, and climate impacts is
necessary to inform effective preventive and management strat-
egies [3, 21].

5 | Limitation

This study benefits from comprehensive data, wide geographic
coverage, and advanced modeling, offering a detailed view of acne
vulgaris trends. However, limitations include regional variability
in data quality and diagnostic practices, which may lead to under-
estimation in low-resource settings. Differences in data collection
methods may also introduce bias. Additionally, projection models,
despite their sophistication, carry inherent uncertainty, particu-
larly regarding future changes in the environment, healthcare ac-
cess, and diagnostic or treatment practices.

6 | Conclusions

This study analyzed global acne burden trends among women
of reproductive age from 1990 to 2021, with projections through
2040. Results indicated significant increases, especially in low-
SDI regions like Sub-Saharan Africa and South Asia, while
high-SDI regions experienced modest changes. The 15-19 age
group had the highest burden, but older groups showed notable
growth. Population growth primarily drove burden increases,
partially offset by aging populations. Although health inequal-
ity generally declined, distribution patterns became more com-
plex. The ongoing rise in acne burden emphasizes the need for
targeted prevention strategies, especially in low-SDI regions and
younger populations. These findings guide policy and resource
allocation, aiming to improve women's health and quality of life
globally.
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