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Background: Plastic surgery—related diseases impose a substantial and growing
burden on global health systems, yet comprehensive estimates of their temporal
trends and future projections remain scarce. This study aims to quantify the
global, regional, and national burden of 12 plastic surgery—relevant conditions
from 1990 to 2021 and to forecast their trajectories through 2050.

Method: Data were extracted from the Global Burden of Disease Study 2021.
We analyzed age-standardized incidence rate (ASIR), prevalence rate (ASPR),
death rate (ASDR), and disability-adjusted life years (DALYs) across 204 countries
and territories. Estimated annual percentage changes (EAPCs) were calculated
to evaluate temporal trends, and a Bayesian age-period-cohort (BAPC) model
was employed to project disease burden to 2050. Socio-demographic disparities
were assessed using SDI-based stratification and Spearman correlation.
Findings: Globally, incidence was compositionally dominated by pyoderma
(about 90% in 1990-2021). Incident cases increased from 508.18 million (95% Ul
489.85-527.22)in 1990 to 902.35 million (95% U1 871.47-934.10) in 2021, with an
ASIR increasing from 9,611.94 to 11,560.66 per 100,000 population. In contrast,
the ASPR declined from 2,862.67 to 2,207.26 per 100,000, and age-standardized
mortality and DALYs rates also fell. The burden rose steeply with age: adults aged
>60 years consistently exhibited the highest age-specific rates, and the absolute
burden progressively shifted toward older populations. High-SDI regions had
lower age-standardized mortality and DALYs rates than low-SDI regions, despite
occasionally higher prevalence consistent with improved survival. By 2050,
the absolute burden is projected to grow with population aging, while most
age-standardized rates continue to decline.

Interpretation: Aggregate incidence increases were driven mainly by pyoderma.
Surgically relevant burdens concentrated in oncologic and burn/trauma
cohorts; hence service implications should be anchored to these metrics
rather than incidence. By 2050, incidence continues to rise largely from
infections, while DALYs trajectories in surgically managed subgroups diverge
by SDI-supporting targeted prevention, context-specific capacity strengthening,
and integrated rehabilitation.

KEYWORDS

plastic surgery—related diseases, global burden, age-standardized rates, Bayesian age-
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Introduction

Plastic surgery-related diseases encompass a broad spectrum
of conditions—including cancers, congenital anomalies, soft tissue
infections, ulcers, and trauma—that frequently require surgical
intervention, wound reconstruction, or aesthetic rehabilitation
(1, 2). These conditions not only cause significant morbidity
and mortality but also impose considerable social and economic
burdens through disfigurement, disability, and long-term care
needs (3, 4). In particular, diseases such as breast cancer,
orofacial clefts, skin malignancies, and burns disproportionately
affect vulnerable populations and often necessitate complex
surgical management across both acute and chronic care settings
(5, 6).

Despite their clinical and public health relevance, plastic
surgery-related conditions have not been adequately captured in
global health surveillance frameworks (1, 7). Existing research
often focuses on individual diseases or narrow geographic regions,
limiting cross-country comparability (8). Moreover, many studies
rely on hospital-based data, which underrepresents populations
in low- and middle-income settings where access to surgical care
remains limited (9). There is a notable lack of comprehensive,
standardized estimates that quantify long-term trends in incidence,
prevalence, mortality, and disability burden across the full
spectrum of diseases relevant to plastic surgery (4). Additionally,
few studies have attempted to forecast future burden using robust
demographic models, hindering efforts to align surgical system
strengthening with projected needs (10).

In this context, we conducted a global, regional, and
national assessment of 12 plastic surgery-related diseases using
data from the Global Burden of Disease Study (GBD) 2021
(11). We recognize the substantial heterogeneity among these
conditions—spanning high-incidence integumentary infections
and low-incidence, high-complexity reconstructive diseases—
which presents inherent challenges for aggregated analysis.
This compositional diversity may disproportionately influence
overall metrics; hence, we deliberately differentiate between
infection-driven incidence and surgery-relevant disability burdens
throughout our analysis. Our study aims to quantify historical
trends in burden from 1990 to 2021, evaluate disparities across
sociodemographic strata, and project disease trajectories through
2050 using a Bayesian age-period-cohort (BAPC) model. By
generating robust, comparable, and policy-relevant estimates, this
study addresses a critical gap in global health research and
provides evidence to guide investment in surgical capacity, resource
allocation, and disease prevention strategies in the decades ahead.

Methods

Data sources and case definition

This study utilized publicly available data from the GBD 2021,
developed by the Institute for Health Metrics and Evaluation (11).
The GBD 2021 provides comprehensive, comparable, and annually
updated estimates of incidence, prevalence, mortality, years of
life lost (YLLs), years lived with disability (YLDs), and disability-
adjusted life years (DALYs) for 369 diseases and injuries across 204
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countries and territories from 1990 to 2021. Data sources integrated
into the GBD framework include national health surveys, disease
registries, hospital discharge records, claims data, vital registration
systems, and scientific literature. The GBD employs standardized
estimation methods to adjust for underreporting, misclassification,
and sparse data, including Bayesian meta-regression modeling
(DisMod-MR 2.1), spatiotemporal Gaussian process regression,
and ensemble modeling (12). All data were obtained through
the Global Health Data Exchange (GHDx: https://ghdx healthdata.
org/).

Twelve conditions were analyzed as plastic-surgery-related:
they are relevant to reconstructive care but do not uniformly
require surgery—cancers, orofacial clefts, and thermal burns
frequently require reconstruction, whereas many infections (e.g.,
pyoderma) are primarily managed in primary care. Composite
totals are presented descriptively; surgical inferences are anchored
to deaths and DALYs. To minimize subjectivity and ensure
reproducibility, selection followed a prespecified framework: (i)
alignment with GBD 2021 nosology and explicit ICD-9/10
mapping (Level 3—-4 causes); (ii) routine relevance to reconstructive
pathways; (iii) non-trivial DALY burden in GBD 2021; and (iv)
time-series completeness (1990-2021). We applied rule-based
exclusions where GBD coding lacks granularity to isolate plastic-
surgery-specific caseloads (e.g., some upper-extremity trauma
subsets), consistent with prior specialty-focused GBD work (13-
16).

The final set comprised breast cancer; malignant melanoma;
non-melanoma skin cancer (keratinocyte carcinomas, i.e.,
basal-cell and squamous-cell combined); lip and oral cavity,
nasopharynx, other pharynx, and larynx cancers; orofacial clefts;
thermal burns; cellulitis; and pyoderma. Accounting follows
GBD 2021 Level-3 categories—unlike some national analyses
that list BCC and SCC separately, GBD aggregates these as non-
melanoma skin cancer to preserve global comparability. ICD-9/10
ranges follow the official GBD non-fatal crosswalk (including
hospital/claims variants).

Socio-demographic index

To evaluate disparities across development levels, all countries
were stratified into five quintiles based on the Socio-demographic
Index (SDI), a composite metric of income per capita, mean years
of education among those aged 15 and older, and total fertility
rate under age 25 (11). SDI ranges from 0 (lowest development)
to 1 (highest development) and allows comparison across low,
low-middle, middle, high-middle, and high SDI groups. Trends in
burden indicators were examined in relation to SDI values to assess
socioeconomic gradients and global inequality.

Bayesian Age—Period—Cohort model
The BAPC model was employed to assess temporal trends

and forecast the future burden of plastic surgery-related diseases
through 2050. This model decomposes the disease burden into
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three temporal dimensions and is mathematically expressed as:
Yik = +oi + B+ vk + €k

where Yjj represents the observed disease burden for age group i,
period j, and cohort k; is the overall intercept; and €ijk is the random
error term.

Age effect («;): captures age-related differences in disease risk,
reflecting biological and demographic influences.

Period effect (B;): represents time-specific influences that
impact all age groups equally, such as healthcare advances, disease
surveillance, or policy changes.

Cohort effect (yx): accounts for generational variation in
exposure to risk factors based on year of birth.

Parameter estimation was conducted using the INLA algorithm
within the BAPC package in R. This method enables efficient
Bayesian inference without reliance on Markov Chain Monte Carlo.
Posterior distributions and 95% credible intervals were generated
for all model parameters. Because the BAPC model extrapolates
from temporal patterns, fitted values for baseline years (e.g., 1990,
2021) may not exactly reproduce the observed GBD estimates;
such minor discrepancies reflect model structure rather than
analytical error. Model adequacy and convergence were assessed
using posterior predictive checks and diagnostic plots, ensuring the
robustness and reliability of long-term forecasts (17).

Statistical analysis

We calculated age-standardized rates (ASRs) per 100,000
population using the direct method, adjusting for population age
structure based on the GBD global standard population (11).
We report age-standardized incidence (ASIR), prevalence (ASPR),
death (ASDR), and DALY rates. The ASR was derived through a
weighted average of age-specific rates, computed as:

N
ASR — Zi:l aiwi

Where a; is the age-specific rate in the i age group, w; is
the population weight for the same age group in the standard
population, and N is the total number of age groups.

To quantify temporal changes in ASR, we estimated the
estimated annual percentage change (EAPC) using a log-linear
regression model fitted to annual ASR values:

In(ASR) = a + B x year + ¢

in which a and B represent the intercept and slope, respectively, and
¢ denotes the residual error. The EAPC was calculated by:

EAPC = 100 x (exp(p) — 1)

with 95% confidence intervals (CIs) derived from the regression
model (18). A statistically meaningful trend was defined as one with
a95% CI that does not encompass zero.

To investigate the association between ASRs and national
development status, we applied penalized spline regression
to examine potential non-linear relationships with the SDI.
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Additionally, Spearman’s rank correlation was used to assess
monotonic associations, with significance defined at a two-tailed
P-value less than 0.05.
Detailed methods,
are provided in Supplementary methods S1-S10. All statistical

diagnostics, and sensitivity analyses
analyses and graphical outputs were performed using R software
(version 4.2.2). Key packages used included ggplot2 for data
visualization, mgcv for spline modeling, and BAPC and INLA for
projection analyses.

Results

Global burden of plastic surgery-related
diseases

Globally, ASIR was dominated by pyoderma, accounting
for 89.78% in 1990 and 91.84% in 2021. This predominance
provides the context for interpreting subsequent incidence
patterns. Incident cases increased from 508.18 million (95%
UI 489.85-527.22) in 1990 to 902.35 million (871.47-934.10)
in 2021 (Table 1), with ASIR rising from 9,611.94 (9,281.93-
9,964.56) to 11,560.66 (11,171.01-11,968.75) per 100,000 [EAPC
0.61 (95% CI 0.60-0.63)]. Prevalent cases also grew, from 135.62
million (119.07-155.59) to 182.54 million (161.20-207.33), whereas
ASPR declined from 2,862.67 (2,503.70-3,285.04) to 2,207.26
(1,952.83-2,501.88) per 100,000 [EAPC —0.87 (—0.91 to —0.83);
Supplementary Table S1]. Deaths rose from 0.90 million (0.81-
0.97) to 1.52 million (1.37-1.66), yet ASDR fell from 22.08 (20.04-
23.80) to 17.99 (16.15-19.60) per 100,000 [EAPC —0.78 (—0.83
to —0.73); Supplementary Table S2]. Total DALY’ increased from
36.59 million (32.27-40.91) to 49.83 million (44.66-55.08), while
the age-standardized DALY rate decreased from 789.09 (704.41-
874.30) to 590.35 (526.32-654.29) per 100,000 [EAPC —1.06
(—1.10 to —1.01); Supplementary Table S3].

Regional and national burden of plastic
surgery-related diseases

In 2021, incident cases were highest in South Asia (334.54
million; 95% UI 323.43-346.28), Western Sub-Saharan Africa
(128.06 million; 123.93-132.52), and Southeast Asia (113.09
million; 107.13-119.12; Table 1). The highest ASIR occurred in
Southern Sub-Saharan Africa (27,603.59 per 100,000; 26,681.24—
28,531.13), followed by Western Sub-Saharan Africa (27,259.89;
26,428.50-28,136.06). ASIR increased in most regions, with the
largest rise in High-income North America (EAPC 0.34; 0.21-
0.47). Prevalent cases were most numerous in South Asia (28.29
million; 25.52-31.43), East Asia (20.53 million; 17.07-24.73),
and High-income North America (17.50 million; 15.11-20.13),
while the steepest decline in ASPR occurred in Tropical Latin
America [from 3,299.55 t0 2,138.21; EAPC —2.05 (—2.27 to —1.82);
Supplementary Table S1].

In terms of mortality, South Asia (0.37 million; 0.31-0.43)
and East Asia (0.22; 0.18-0.28) had the largest numbers of deaths
(Supplementary Table S2). ASDR declined in most settings—
particularly East Asia [from 17.13 to 10.66; EAPC —1.79 (—1.89
to —1.69)], Western Europe [from 27.40 to 17.76; —1.42 (—1.47
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TABLE 1 The number of incidence cases and the ASIR of plastic surgery in 1990 and 2021, and its temporal trends from 1990 to 2021.

Characteristic

1990

Cases (million,

ASIR/100,000

2021

Cases (million,

ASIR/100,000

1990-2021
EAPC (95%Cl)

95% Ul) (95% UI) 95% Ul) (95% UI)

Global 508.18 (489.85, 527.22) 9,611.94 (9,281.93, 902.35 (871.47, 934.10) 11,560.66 (11,171.01, 0.61 (0.60, 0.63)
9,964.56) 11,968.75)

SDI level

High SDI 61.83 (59.15, 64.69) 6,852.07 (6,567.84, 83.46 (79.95, 87.12) 6,909.37 (6,629.14, 0.05 (0.00, 0.10)
7,153.72) 7,198.84)

High-middle SDI 67.29 (64.60, 69.93) 6,427.39 (6,180.80, 83.15 (79.98, 86.31) 6,233.22 (5,992.58, —0.10 (—0.11, —0.09)
6,674.64) 6,477.21)

Middle SDI 102.21 (98.29, 106.34) 6,158.29 (5,940.87, 180.77 (174.31, 187.28) 7,422.59 (7,170.74, 0.62 (0.60, 0.64)
6,385.82) 7,688.01)

Low-middle SDI 165.77 (160.22, 171.73) 14,793.04 (14,327.01, 301.21 (291.53, 311.51) 16,046.68 (15,546.40, 0.27 (0.25, 0.28)
15,301.98) 16,584.16)

Low SDI 110.78 (106.92, 114.74) 22,279.24 (21,544.46, 253.33 (244.55, 262.38) 23,001.84 (22,247.79, 0.11 (0.10, 0.12)
23,031.48) 23,778.71)

Regions

Andean Latin America 1.79 (1.70, 1.89) 5,045.96 (4,826.92, 3.24 (3.09, 3.39) 5,040.32 (4,812.40, —0.01 (=0.01, —0.01)
5,272.70) 5,272.57)

Australasia 3.64 (3.48, 3.80) 17,763.92 (17,017.62, 5.84 (5.60, 6.08) 17,843.16 (17,098.16, 0.04 (0.03, 0.05)
18,507.78) 18,579.84)

Caribbean 1.79 (1.70, 1.88) 5,393.66 (5,130.91, 2.63 (2.51,2.75) 5,439.07 (5,185.68, 0.03 (0.02, 0.05)
5,652.98) 5,696.75)

Central Asia 5.20 (4.95, 5.44) 7,570.86 (7,230.38, 7.24 (6.92,7.56) 7,692.50 (7,364.71, 0.07 (0.04, 0.09)
7,907.07) 8,012.00)

Central Europe 7.92 (7.58, 8.27) 6,236.62 (5,971.54, 7.98 (7.66, 8.32) 6,142.97 (5,885.09, —0.06 (—0.07, —0.05)
6,512.17) 6,397.93)

Central Latin America 6.62 (6.18,7.11) 4,316.16 (4,072.04, 10.54 (10.02, 11.13) 4,212.26 (4,005.58, 0.02 (—0.02, 0.06)
4,586.21) 4,447.78)

Central Sub-Saharan 14.79 (14.15, 15.50) 27,277.54 (26,226.90, 37.01 (35.36, 38.54) 27,720.43 (26,617.62, 0.08 (0.07, 0.10)

Africa 28,436.28) 28,798.95)

East Asia 32.09 (30.52, 33.63) 2,771.42 (2,648.38, 41.27 (39.41, 43.23) 2,695.57 (2,575.62, —0.17 (—0.21, —0.13)
2,897.56) 2,817.27)

Eastern Europe

27.10 (26.11, 28.12)

11,771.62 (11,358.66,
12,199.64)

26.42 (25.50, 27.41)

11,905.26 (11,487.54,
12,335.59)

0.05 (0.04, 0.07)

Eastern Sub-Saharan
Africa

50.87 (49.03, 52.75)

25,973.56 (25,132.05,
26,875.72)

113.30 (109.19, 117.45)

26,333.89 (25,493.73,
27,208.47)

0.04 (0.02, 0.05)

High-income Asia
Pacific

6.18 (5.86, 6.49)

3,753.40 (3,566.76,
3,935.29)

6.52 (6.2, 6.82)

3,633.11 (3,463.90,
3,800.68)

—0.13 (—0.14, —0.12)

High-income North

15.97 (14.93, 17.07)

5,450.68 (5,113.89,

25.23(23.73,26.77)

5,687.61 (5,372.24,

0.34 (0.21,0.47)

America 5,809.77) 6,016.39)

North Africa and 31.90 (30.75, 33.09) 9,237.42 (8,896.06, 57.03 (54.96, 59.10) 9,264.22 (8,927.45, 0.03 (0.02, 0.03)

Middle East 9,575.26) 9,579.79)

Oceania 0.22 (0.21,0.23) 3,694.19 (3,534.68, 0.50 (0.48, 0.52) 3,926.18 (3,761.50, 0.20 (0.20,0.21)
3,853.93) 4,101.05)

South Asia 183.44 (177.38, 190.03) 17,646.79 (17,090.08, 334.54 (323.43, 346.28) 18,635.62 (18,048.95, 0.17 (0.16, 0.18)
18,248.50) 19,282.33)

Southeast Asia 7.10 (6.71, 7.54) 1,736.59 (1,648.80, 11.31 (10.71, 11.91) 1,679.88 (1,595.66, —0.13 (—0.17, —0.08)
1,825.88) 1,765.30)

Southern Latin America

543 (5.17, 5.67)

11,028.10 (10,523.48,

7.82 (7.48, 8.15)

11,251.68 (10,754.52,

0.08 (0.07, 0.10)

11,522.82) 11,733.01)
Southern Sub-Saharan 13.96 (13.50, 14.46) 27,287.50 (26,410.97, 21.58 (20.82, 22.35) 27,603.59 (26,681.24, 0.04 (0.03, 0.05)
Africa 28,195.92) 28,531.13)
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TABLE 1 (Continued)

1990

ASIR/100,000
(95% UI)

Characteristic

Cases (million,
95% Ul)

10.3389/fpubh.2025.1676386

2021

Cases (million,
95% Ul)

1990-2021

ASIR/100,000 EAPC (95%Cl)

(95% UI)

Tropical Latin America 7.11 (6.77, 7.46) 5,267.17 (5,039.55, 12.76 (12.25, 13.30) 5,419.13 (5,209.22, 0.03 (—0.02, 0.08)
5,502.43) 5,643.14)

Western Europe 34.85 (33.58, 36.22) 8,624.97 (8,300.93, 41.55 (40.02, 43.10) 8,658.68 (8,339.46, —0.02 (—0.04, —0.00)
8,955.48) 8,978.86)

Western Sub-Saharan 50.22 (48.59, 51.96) 26,758.84 (25,922.85, 128.06 (123.93, 132.52) 27,259.89 (26,428.50, 0.10 (0.08, 0.13)

Africa 27,592.81) 28,136.06)

ASIR, age-standardized incidence rate; EAPC, estimated annual percentage change.

to —1.37)], and High-income North America [from 25.86 to
16.55; —1.46 (—1.51 to —1.42)]—but increased in Western Sub-
Saharan Africa [0.73 (0.69-0.78)] and Southern Sub-Saharan Africa
[0.58 (0.35-0.82)]. DALYs were highest in South Asia (13.01
million; 10.95-15.03) and East Asia (6.88 million; 5.43-8.59;
Supplementary Table S3). The age-standardized DALYs rate fell
in nearly all regions—most notably East Asia [from 611.38 to
332.21; —2.28 (—2.42 to —2.13)] and Central Asia [from 1,034.82
to 568.18; —2.15 (—2.30 to —2.01)]—with Western Sub-Saharan
Africa the only region showing an increase [from 635.72 to 692.27;
0.30 (0.24-0.36)].

In 2021, the largest numbers of incident cases were recorded
in India (257.14 million; 95% UI 248.61-266.12) and China
(37.75 million; 35.98-39.60). The highest ASIR was observed in
Equatorial Guinea [27,207.72 in 1990 rising to 28,219.99 per
100,000 in 2021; EAPC 0.16 (0.14-0.17)], with Gabon and Eswatini
also among the countries with sustained increases over three
decades (Figure 1A). Prevalent cases were concentrated in Bolivia
(Plurinational State of) (22.39 million; 20.14-24.98), Turkmenistan
(19.84 million; 16.43-23.96), and Estonia (15.79 million; 13.65-
18.16). The largest ASPR reductions were seen in Bahrain [from
1,493.67 to 1,346.21 per 100,000; EAPC —8.89 (—11.73 to —5.96)]
and Egypt [from 4,676.22 to 2,112.75; —2.79 (—3.02 to —2.55);
Figure 1B]. In terms of mortality, China (0.21 million; 0.16-
0.26), the USA (0.10 million; 0.08-0.10), and Pakistan (0.06
million; 0.04-0.08) had the highest numbers of deaths in 2021.
Most countries experienced declining ASDR, with the greatest
reduction in Greenland [from 51.43 to 24.46 per 100,000; EAPC
—2.50 (—2.61 to —2.38); Supplementary Figure SIA]. The highest
numbers of DALYs were observed in Albania (9.84 million; 8.10-
11.55), Bahamas (8.56 million; 7.48-9.68), and Belgium (8.16
million; 6.98-9.36). Despite increases in absolute DALYs in many
countries, the age-standardized DALYs rate declined in most
settings—especially Palau, New Zealand, and the United States
Virgin Islands—whereas Southern Sub-Saharan Africa showed
slight upward trends (Supplementary Figure S1B).

Age disparities in the global burden of
plastic surgery-related diseases

From 1990 to 2021, ASIR showed a pronounced U-shaped age
profile (Figure 2A). In 2021 the highest rates occurred in those aged
>95 years (18,563.49 per 100,000; 95% UI 15,953.39-21,326.20),
followed by ages 90-94 (17,119.72; 15,313.92-19,176.44) and 85-89
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years (16,330.18; 14,616.85-18,152.83); the lowest rate was in
adults aged 35-39 years (9,124.77; 8,004.61-10,337.15). Relative
to 1990, ASIR increased across almost all age groups in 2021,
with the largest gains in children <5 years [12,513.92 (11,730.14-
13,356.68) to 15,598.71 (14,670.79-16,606.47)] and adolescents 15—
19 years [9,271.50 (8,214.26-10,329.25) to 12,766.15 (11,348.91-
14,197.61)]. Older age groups (>80 years) remained consistently
high across both years with only minor fluctuation.

In 2021, ASPR rose steadily with age (Figure 2B), peaking
at >95 years (8,409.50 per 100,000; 95% UI 7,089.52-10,009.82),
followed by 90-94 years (7,440.67; 6,362.56-8,659.19) and 85-89
years (6,833.93; 5,876.73-7,855.42); the lowest rate was in ages
5-9 years (786.90; 678.71-932.91). Compared with 1990, ASPR
declined in nearly all age groups, with the steepest reductions
at older ages-for example, 80-84 years decreased from 7,992.38
(6,801.87-9,343.77) to 6,097.25 (5,228.39-7,012.54). Despite these
declines, a clear age gradient persisted from adolescence through
older age.

From 1990 to 2021, mortality increased sharply with age
(Supplementary Figure S2A). In 1990, ASDR ranged from 9.78
(95% UI 6.32-13.23) per 100,000 in children <5 years to 416.25
(317.95-476.32) in those >95 years. In 2021, the lowest ASDR was
in ages 10-14 years at 0.54 (0.39-0.66) and the highest again in
>95 years at 449.37 (327.13-518.92). Most age groups recorded
declines vs. 1990, notably ages 40-44 years [16.15 (14.77-17.55)
to 13.29 (11.89-14.63)] and 55-59 years [51.16 (47.14-55.43) to
41.69 (37.68-45.80)].

DALYs burden in 2021 increased markedly with age
(Supplementary Figure S2B), from a nadir in ages 10-14 years
(67.51 per 100,000; 95% UI 52.17-83.88) to a peak in >95 years
(3,888.93; 2,880.25-4,495.52); rates exceeded 1,000 per 100,000
from age 50 years upwards. Compared with 1990, DALYs rates
declined across most ages-for example, <5 years decreased from
882.32 (575.16-1,190.21) to 303.12 (168.42-449.93)-but increased
in the oldest group [>95 years: 3,706.4 (2,888.6-4,256.9) to 3,888.9
(2,880.3-4,495.5)], underscoring a persistent and growing burden
in aging populations.

Cause-specific composition of the global
burden of plastic surgery—related diseases

Consistent with the opening summary, pyoderma dominated
the composition throughout 1990-2021 (Figure 3A). Cellulitis and

decubitus ulcer ranked second and third, maintaining proportions
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FIGURE 1
Global distribution of ASIR (A) and ASPR (B) attributable to Plastic Surgery-Related Diseases in 2021. ASIR, age-standardized incidence rate; ASPR,
age-standardized prevalence rate.
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FIGURE 2
The distribution of ASIR (A) and ASPR (B) across Plastic Surgery-Related Diseases by age in 1990 and 2021. ASIR, age-standardized incidence rate;
ASPR, age-standardized prevalence rate.

of approximately 5.87%—7.19% and 0.33%—0.26%, respectively.
Other causes—including malignant skin melanoma, orofacial
clefts, laryngeal cancer, and skin and head-neck cancers—each
represented less than 1% of incident cases annually and showed
minimal variation over time.

In terms of ASPR, pyoderma remained the leading contributor,
with its share rising from 12.60 to 20.09% (Figure 3B). Breast cancer
followed, increasing from 7.63 to 10.82%. Squamous-cell carcinoma
showed a more than twofold rise (from 0.51 to 1.22%), while
orofacial clefts (1.87%—2.42%) and malignant skin melanoma
(0.67%—1.15%) also showed modest increases. Conversely, the
proportion of Fire, heat, and hot substances injuries declined from
73.96 to 60.48% over the same period. Other conditions exhibited
relatively stable contributions.

During the same period, the proportional composition of
deaths attributable to plastic surgery-related diseases displayed
distinct trends (Supplementary Figure S3A).  Breast
remained the leading cause of death, increasing from 41.46 to
43.90%, followed by Lip and oral cavity cancer (11.11%—13.47%).

The share of Fire, heat, and hot substances declined from 12.42

cancer
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to 8.24%. Other conditions, including Pyoderma, orofacial clefts,
and squamous-cell carcinoma, and Other pharynx cancer, each
accounted for less than 5% of annual deaths. Regarding DALYs,
breast cancer was the largest contributor throughout the period,
increasing from 33.59 to 40.49% (Supplementary Figure S3B). Lip
and oral cavity cancer (8.78%—11.47%) followed. The burden from
Fire, heat, and hot substances injuries declined steadily (from 26.80
to 18.39%), while Larynx cancer remained stable (7.52%—6.06%).
Nasopharynx cancer, and Other pharynx cancer jointly contributed
around 10% of the total DALYs burden.

Trends and correlations of plastic
surgery-related diseases by
socio-demographic index level

In 2021, incident cases were highest in low-middle SDI
(301.21 million; 95% UI 291.53-311.51) and low SDI regions
(253.33 million; 244.55-262.38), with the highest ASIR in low
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FIGURE 3
Temporal trends in cause-specific composition of ASIR (A) and ASPR (B) for global plastic surgery-related diseases, 1990-2021. ASIR,
age-standardized incidence rate; ASPR, age-standardized prevalence rate.

SDI settings, increasing from 22,279.24 in 1990 to 23,001.84
per 100,000 in 2021 [EAPC 0.11 (0.10-0.12); Table 1]. ASPR
declined in all SDI groups, with the steepest reductions in high-
middle SDI [from 2,995.25 in 1990 to 2,200.55 in 2021; EAPC
—1.07 (—1.15 to —0.99)] and high SDI regions [from 4,390.32
to 3,177.34; —1.07 (—1.13 to —1.01); Supplementary Table S1].
Middle SDI regions recorded the highest number of deaths in
2021 [426,520 (375,790-477,629)], while low-middle SDI was the
only group with an increasing ASDR [EAPC 0.17 (0.12-0.22);
Supplementary Table S2]. Age-standardized DALYs rates declined
across all quintiles, most notably in high-middle SDI [from 786.07
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in 1990 to 490.66 in 2021; EAPC —1.83 (—1.94 to —1.72)] and
high SDI regions [from 767.20 to 486.94; —1.51 (—1.53 to —1.48);
Supplementary Table S3].

Disease burden varied substantially by
development level

SDI showed a moderate negative correlation with ASIR (R
—0.502; P < 0.001; Figure 4A): lower-SDI regions had higher
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incidence, with several exceeding 25,000 per 100,000, particularly
in Central and Southern Sub-Saharan Africa. By contrast, SDI was
positively correlated with ASPR (R = 0.407; P < 0.001; Figure 4B),
with the highest prevalences clustering in high-SDI regions such
as Southern Latin America and Australasia. For mortality, a weak
but significant negative correlation was observed (R = —0.157; P
< 0.001), with elevated ASDR concentrated in lower-SDI settings
(Supplementary Figure S4A). Similarly, age-standardized DALYs
rates declined with increasing SDI (R = —0.303; P < 0.001), with
Southern Sub-Saharan Africa, Eastern Sub-Saharan Africa, and the
Caribbean showing persistently high burdens despite some SDI
improvement over time (Supplementary Figure S4B).

Projected global burden of plastic
surgery-related diseases by 2050

Based on BAPC projections, the global number of incident
cases of plastic-surgery-related condition was expected to increase
from 930.17 million (95% UI 922.35-937.99) in 2022 to 1,350.53
million (1,060.65-1,640.42) by 2050, a 45.2% rise (Figure 5A).
Prevalent cases were projected to grow from 175.71 million
(173.41-178.01) in 2022 to 193.68 million (167.26-220.11) by
2050 (Supplementary Figure S5A), a 10.2% increase. Deaths were
forecast to decline from 1.45 million (1.43-1.48) in 2022 to 1.27
million (1.14-1.39) by 2050 (Supplementary Figure S6A), a 12.4%
reduction. Similarly, DALYs were projected to fall from 46.83
million (46.07-47.59) in 2022 to 35.74 million (32.58-38.90) by
2050, a 23.7% decrease (Supplementary Figure S7A).

From a 2022 model-fitted baseline, the ASIR was expected
to increase from 11,561.59 per 100,000 (95% UI 11,464.34-
11,658.83) in 2022 to 14,139.48 (11,104.51-17,174.45) by 2050,
a 22.3% rise (Figure 5B). By contrast, the ASPR was projected
to decline slightly, from 2,184.00 (2,155.39-2,212.60) in 2022
to 2,027.79 (1,751.12-2,304.46) by 2050, a 7.2% reduction
(Supplementary Figure S5B). The ASDR was forecast to decrease
from 18.03 (17.72-18.34) in 2022 to 13.27 (11.97-14.57) by 2050,
a 26.4% reduction (Supplementary Figure S6B). Similarly, the age-
standardized DALYs rate was projected to decline from 582.07
(572.68-591.46) in 2022 to 374.19 (341.11-407.28) by 2050, a 35.7%
decrease (Supplementary Figure S7B).

Discussion

Our principal finding is that aggregate incidence is numerically

dominated by pyoderma, whereas surgical service needs
concentrate in oncologic, burn/trauma and congenital cohorts
when assessed by deaths and DALYs. Accordingly, we interpret
metrics by health-system relevance, anchoring surgical planning to
deaths/DALYs and treating infection incidence as a primary-care
and public-health signal (1, 2).

In practical terms, deaths and DALY for breast, lip/oral cavity,
naso-/laryngo-/other pharynx cancers, melanoma, non-melanoma
skin cancer and burns indicate reconstructive capacity, peri-
operative support (anesthesia/ICU) and rehabilitation needs; ASPR
in oncologic and cleft cohorts informs survivorship follow-up,

secondary reconstruction and scar/contracture management (18,
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19); incidence of pyoderma/cellulitis chiefly signals primary-care
and public-health workload (hygiene promotion, timely antibiotics,
antimicrobial stewardship) with minimal implications for operative
capacity (20); and burns incidence, interpreted alongside fatality
and functional loss, informs emergency readiness, specialized burn
units and rehabilitation.

At the regional level, the distribution of plastic surgery-
related disease burden reveals persistent structural inequities
in global surgical care. Regions such as South and East Asia,
while demonstrating substantial absolute burdens, likely reflect
a combination of demographic density and enhanced detection
capacity driven by improved health information systems (11,
21). Conversely, the disproportionately high age-standardized rate
in sub-Saharan Africa—particularly in its southern and western
subregions—suggest a more complex interplay between delayed
surgical access, limited health system readiness, and sustained
exposure to preventable conditions such as trauma, infections,
and advanced-stage cancers (1, 7, 22). The observed reductions in
age-standardized death and disability rate in high-income regions
point to the cumulative effect of decades-long investment in
surgical infrastructure, early intervention pathways, and integrated
rehabilitation services (2, 3, 23). However, the fact that some low-
and middle-income regions continue to exhibit rising mortality
and DALYs rate, despite epidemiological transition, underscores a
critical need for context-specific strategies to strengthen surgical
systems within broader health agendas (8, 24).

Surgical-relevant  subgroups anchor service planning.
Oncologic conditions (breast; lip/oral cavity, naso-/laryngo-
/other pharynx; melanoma; non-melanoma skin cancer) require
coordinated resection-reconstruction pathways and survivorship
rehabilitation (25). Burns require regionalized acute care, grafting
capacity, and long-term contracture release with rehabilitation
(26). Orofacial clefts call for integrated programmes (primary
repair, speech/orthodontic care) and backlog reduction (19).
Infections (pyoderma, cellulitis) should be decoupled from surgical
capacity planning and addressed through community prevention
and early case management; surgical input is episodic (e.g., abscess
drainage) rather than capacity-defining (20). These choices are
consistent with cause-specific burden patterns in GBD 2021 (13).

At the national level, the heterogeneity in burden patterns
reflects not only variations in demographic structure and
population size, but also the uneven distribution of surgical
capacity and political prioritization of reconstructive care (2,
8). Countries with large populations, such as India and China,
contribute substantially to the global case burden, but differences
in standardized rate between nations with similar socioeconomic
profiles highlight the influence of national health policies, coverage
schemes, and disease surveillance quality (21). The persistence
of high incidence and mortality in several smaller or middle-
income countries may also be driven by localized environmental
risks, injury burden, or under-resourced referral networks (23, 27).
Striking reductions in burden observed in selected nations indicate
that even within constrained settings, targeted interventions—such
as task-shifting, subsidized surgical programs, or community-based
early detection—can yield measurable improvements (22, 28).
These national disparities emphasize the importance of tailoring
global surgical development efforts to country-specific contexts,
ensuring that progress is not only broad but equitably distributed.
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Age-specific patterns in the burden of plastic surgery-related
diseases underscore the dual vulnerability of the very young and
the very old, reflecting distinct biological, clinical, and health
system challenges across the life course (6, 29). The observed
U-shaped distribution of incidence, with elevated rate among
young children and older adults, may be driven by congenital
anomalies and infection-related conditions in early life, and by
degenerative, oncological, or pressure-related pathologies in later
years (30). The steep gradient in prevalence, mortality, and DALY
rate with advancing age likely reflects not only the cumulative
burden of comorbidities and frailty, but also disparities in surgical
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access, rehabilitation capacity, and complication management
in aging populations (2, 31). Despite modest declines in age-
specific mortality and DALY rate across many age groups—likely
attributable to improvements in perioperative care and earlier
intervention—the persistently high burden among individuals aged
80 years and older signals unmet needs in geriatric surgical
care (32). Furthermore, the growing absolute burden in this age
group points to the demographic reality of global population
aging and its implications for reconstructive surgical demand.
These findings highlight the urgency of integrating age-sensitive
surgical planning into broader health system design, including
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investment in workforce training, long-term care pathways, and
multidisciplinary models suited to older adults (33).

The evolving cause-specific composition of plastic surgery-
related disease burden reflects shifting epidemiological profiles,
sociocultural determinants, and differential access to preventive
and surgical care. The dominance of pyoderma as the leading
cause of incidence underscores the persistent global impact
of skin infections, particularly in tropical and low-resource
settings where overcrowding, poor hygiene, and limited access to
primary care amplify transmission risks (34, 35). However, the
disproportionately high contribution of pyoderma—accounting
for over 90% of incident cases throughout the study period—
warrants careful interpretation. This pattern may reflect the broad
case definition of pyoderma within the GBD framework, which
aggregates a wide spectrum of superficial and deep bacterial
skin infections (33). Given the ubiquity and recurrent nature
of these conditions, especially in vulnerable environments, their
high incidence estimates may partially reflect repeated episodes in
the same individuals or limited diagnostic specificity in primary
data sources (36). While such infections are clinically relevant,
their numerical dominance may obscure the relative impact of
more resource-intensive surgical conditions such as breast cancer,
congenital anomalies, and thermal injuries. This imbalance has
important implications for surgical planning and policy, as it may
distort prioritization and resource allocation within reconstructive
health systems. Refinement of case definitions and disaggregation
by severity would be valuable in future burden assessments to
ensure more accurate alignment with clinical need and system
capacity (12, 37).

Meanwhile, the growing contributions of breast cancer and
squamous-cell carcinoma to both prevalence and DALYs suggest
improved case detection and survival, as well as expanding
indications for reconstructive surgery following oncological
treatment (38). The rising share of orofacial clefts may reflect
enhancements in diagnostic capacity and registry reporting,
yet also signals an unmet need for timely surgical correction
and post-operative support in many settings (33). By contrast,
the declining proportional burden of injuries caused by fire,
heat, and hot substances likely results from improved injury
prevention, regulation, and emergency response systems—though
these conditions still constitute a major source of morbidity in
certain regions (39). The consistent predominance of breast and
head-neck malignancies in death and DALY patterns highlights
the long-term functional and psychosocial sequelae of these
diseases, and underscores the importance of integrating plastic and
reconstructive surgery into comprehensive cancer care frameworks
(38, 40). Collectively, these trends emphasize the need for cause-
targeted investment in surgical capacity, rehabilitation services,
and upstream public health interventions tailored to regional
disease profiles.

Marked gradients by SDI underscore structural inequities in
access, quality, and broader social determinants. In low- and low-
middle SDI settings, persistent exposures (untreated infections,
trauma, perinatal conditions), limited early intervention, and
fragile referral/workforce capacity drive higher incidence and late
presentation, increasing the need for complex reconstruction (28,
41). By contrast, in high-SDI settings, ASIR is generally lower but
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ASPR can be comparable or higher—consistent with improved
survival and longer duration of living with disease following
earlier diagnosis and treatment—while ASPR/ASDR decline more
steeply, reflecting broader coverage of effective interventions, peri-
operative care, and rehabilitation. Notably, a small rise in ASIR in
high-income North America likely reflects earlier detection, coding
completeness, and survivorship dynamics rather than worsening
underlying risk. These patterns are coherent with differences in
health-system capacity and effective coverage and are amplified by
population aging, which raises prevalent caseloads even as rates fall;
persistent residual burden in regions such as sub-Saharan Africa
and parts of the Caribbean highlights the need to embed essential
and reconstructive surgical services within UHC and tailor delivery
to regional capacities (24, 42).

Projections to 2050 reveal a divergent pattern in the global
burden of conditions relevant to reconstructive care: while age-
standardized mortality and DALY rates are expected to continue
declining, the absolute number of cases is projected to rise. This
contrast largely reflects demographic inertia—population growth
and aging—particularly in low- and middle-income settings (43,
44). Beyond demography, increases in aggregate incidence are
chiefly infection-driven (notably pyoderma), with more limited
contributions from diagnostic capacity, case definitions, and
surveillance in selected subgroups (e.g., oncologic and some
congenital/chronic wound conditions) (39, 45). For pyoderma,
demographic expansion and environmental exposures (sanitation,
hygiene, crowding, timely antibiotics) are more plausible drivers
than diagnostic shifts; by contrast, improved detection and evolving
practice may partly raise oncologic case ascertainment. Against
this backdrop, surgically relevant pressures are better captured by
deaths and DALYs within oncologic, burn/trauma, and congenital
subgroups, whose trajectories diverge by SDI; service planning
should therefore be anchored to these DALYs trends rather than
to incidence.

In parallel, the observed decline in age-standardized mortality
and DALYs rates suggests substantial improvements in surgical care
delivery. Advances in perioperative management, anesthesia safety,
and infection control, along with expanded access to rehabilitation
services, have collectively improved survival and reduced long-
term disability after surgery (23, 46). These relative gains, however,
may not be sufficient to offset the surge in demand generated by
population aging and shifting disease profiles. Without strategic
health system planning, this growing mismatch between surgical
need and capacity may exacerbate existing inequities (42). The
projected rise in absolute burden underscores the urgent necessity
of integrating essential surgical services into universal health
coverage frameworks and expanding investment in workforce
development, surgical infrastructure, and post-operative care—
particularly in regions where demographic and epidemiologic
transitions are most rapid (38, 47).

This study provides the first comprehensive global analysis
of the burden of plastic surgery-related diseases using data
from the Global Burden of Disease Study 2021, covering
204 countries and territories over a 30-year period. By
incorporating multiple standardized burden indicators—including
incidence, prevalence, mortality, and DALYs—the study offers
a multidimensional perspective on epidemiological trends. The
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use of age-period-cohort modeling enables robust long-term
projections, highlighting future demands for surgical services
under population aging and epidemiological transition. In
addition, the analysis of SDI gradients and cause-specific burden
reveals structural disparities, informing health policy prioritization.

However, several limitations warrant emphasis. First-and
centrally-the included conditions are heterogeneous, so aggregate
incidence is infection-dominated while surgical demand lies in
oncologic, burn/trauma, and congenital subgroups; we therefore
treat composites descriptively and anchor service implications to
deaths/DALYs, recognizing residual issues from broad pyoderma
coding and limited trauma granularity. Second, reliance on GBD
2021 secondary data may introduce bias in data-sparse settings.
Third, BAPC projections cannot anticipate disruptive shocks
(conflict, pandemics, and policy shifts). Future work should
add procedure-level/claims data, finer coding, and multisource
validation to improve the surgical signal.

Conclusion

The burden of conditions relevant to reconstructive care
remains substantial and heterogeneous across ages, regions,
and SDI strata. While age-standardized mortality and DALYs
rates declined, absolute cases rose with population growth and
aging. Aggregate incidence is dominated by infections (notably
pyoderma)—a  primary-care/public-health  signal—whereas
surgically relevant burden concentrates in breast and head-
and-neck cancers, burns, and selected congenital anomalies.
Accordingly, incidence should inform prevention and community
management, whereas surgical capacity planning should be
anchored to deaths/DALYs in oncologic, burn/trauma, and
congenital cohorts. Looking to 2050, infection-driven incidence
is projected to keep rising, with DALYs trajectories diverging
by SDI, underscoring priorities of context-specific prevention,
timely cancer detection and treatment, regionalised burn care,
comprehensive cleft programmes, and integrated rehabilitation.
Embedding essential surgical and reconstructive services within
universal health coverage—through workforce development,
peri-operative infrastructure, and sustainable financing—will be
pivotal to improving equity and functional outcomes.
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