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The significantly higher prevalence and incidence rates of AEMT among the older population in high SDI quintiles,

Conclusio N compared to lower SDI quintiles, could be attributedto the healthcare overutilization, highlighting the need for K l M 1
policy adjustments.

Background/Aims: This study aims to evaluate the global burden of adverse effects of medical treatment (AEMT) using
data from the Global Burden of Disease Study (GBD) 2021.

Methods: Data were extracted from the GBD 2021, covering 204 countries/territories from 1990 to 2021. AEMT was de-
fined using ICD-9 and ICD-10 codes, encompassing complications from medical procedures, treatments, or healthcare expo-
sures. Estimates were categorized into fatal and non-fatal outcomes and stratified by age, sex, year, and covariates, including
the Socio-demographic Index (SDI). Mortality-incidence ratios (MIRs), defined as the ratio of mortality calculated by dividing
the number of deaths by the total incident cases, were analyzed.

Results: In 2021, the global age-standardized prevalence, incidence, disability-adjusted life years (DALYs), and mortality
rates of AEMT were 11.48 (95% uncertainty interval [Ul], 8.86-14.13), 150.44 (131.19-171.81), 64.19 (51.06-73.11), and
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1.53 (1.29-1.68) per 100,000 population, respectively. DALY rates were highest in the early neonatal group (4,789.47 per
100,000 population [95% UI, 3,682.00-5,963.30]), while mortality rates followed a U-shaped pattern across age groups. In
2021, MIRs were highest at both ends of the age range: the early neonatal group (0.58 [95% UI, 0.55-0.58]) and the 95+ age
group (0.05 [0.04-0.06]). This pattern was consistent across all SDI quintiles, with higher MIRs observed in lower SDI quin-
tiles.

Conclusions: The significantly higher prevalence and incidence rates of AEMT among the older population in high SDI quin-
tiles, compared to lower SDI quintiles, could be attributed to the healthcare overutilization, highlighting the need for policy

adjustments.
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INTRODUCTION

The initial investigation of adverse effects of medical treat-
ment (AEMT) commenced with the Harvard Medical Prac-
tice Study (HMPS) in 1984, with findings published in
1991 [1]. This research laid the foundation for the Institute
of Medicine to release “To Err is Human: Building a Safer
Health System” in 1999 [2]. This study highlighted signif-
icant patient safety challenges and prompted further re-
search. Subsequent investigations revealed the substantial
burden of AEMT, particularly in the United States, where
medication errors are the third leading cause of death [3].
The economic impact of medication errors is considerable,
with avoidable adverse drug effects constituting a large por-
tion of this burden [4]. Moreover, healthcare-related patient
harm accounts for approximately 10-15% of total health-
care expenditures [5].

To mitigate its economic burden and improve patient
safety, the World Health Organization (WHO) initiated three
Global Patient Safety Challenges: “Clean Care is Safer Care”
and "Safe Surgery Saves Lives” in 2004, followed by “Med-
ication Without Harm" in 2017 [6]. Furthermore, following
the HMPS study, the medical record system was revised to
identify triggers of adverse events, and the implementation
of electronic health records was intended to enhance pa-
tient safety [7]. However, the lack of quantitative measures
hinder the assessment of patient safety improvements, and
insufficient routine documentation of adverse drug events
in clinical practice further impedes the efforts to enhance
patient safety [7].

AEMT remains a major contributing factor to morbidity
and mortality [8]. However, no global studies have yet ad-
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dressed the impact of AEMT as a worldwide burden, leading
to a gap that hinders the ability to evaluate current initia-
tives and interventions related to AEMT. Such evaluation is
critical for the insights for effectively addressing its global
burden in future healthcare strategies. Therefore, this study
aims to provide comprehensive estimates of the prevalence,
incidence, disability-adjusted life years (DALYs), and mortal-
ity from 1990 to 2021, stratified by age, sex, geographical
locations, Socio-demographic Index (SDI) levels, and Health-
care Access and Quality (HAQ) Index using data from the
Global Burden of Disease, Injuries, and Risk Factors Study
(GBD) 2021. This manuscript was produced as part of the
GBD Collaborator Network and in accordance with the GBD
Protocol.

METHODS

GBD 2021 overview

The GBD 2021 provides comprehensive estimates of global
risk exposure and health losses due to risks, including AEMT.
It is based on relevant indicators from 204 countries and re-
gions, classified into 21 regions and 7 super-regions for the
years 1990 to 2021. The GBD 2021 calculated the numbers
and rates of prevalence, incidence, mortality, DALYs, years
lived with disability (YLDs), and years of life lost (YLLs), with
estimates organized according to a cause list [9]. The GBD
cause list is hierarchically structured from level 1 to level 6,
and for the 2021 study, it has been expanded to 371 causes.
Additionally, data is provided by sex and age, covering the
lifespan from birth to over 95 years, with the 2021 update
further subdividing the under-5 age group into four catego-
ries, including a neonatal group. This study adheres to the
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Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER) guidelines [10], and further details can
be found in Supplementary Appendix 1.

Case definition

Within the GBD 2021 hierarchy, injuries are categorized as a
Level 1 condition. AEMT is classified as a Level 3 cause under
the Level 1 category of ‘injuries’ and the Level 2 category
of “unintentional injuries’. All input data were mapped to
the GBD causes through ICD mapping, specifically utilizing
International Classification of Diseases, Ninth Revision (ICD-
9) and International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) codes.
For AEMT, the mapping process was divided into fatal and
non-fatal estimates [11], with a detailed classification of
ICD-9 and ICD-10 codes for each category. The complete
list of ICD codes mapped to AEMT is available in Supple-
mentary Appendix 1, p. 64-123.

Overall, AEMT is defined as death or short-term or long-
term disability sustained as the result of undergoing a pro-
cedure, treatment, or other exposure to the health-care
system. These encompass adverse drug events (e.g., Reye’s
syndrome), surgical and perioperative complications (e.g.,
postsurgical hypoinsulinemia), misadventure (e.g., acciden-
tal puncture or laceration of the dura during a procedure),
adverse outcome from medical management (e.g., transfu-
sion-related acute lung injury), and complications linked to
medical or surgical devices (e.g., nervous system complica-
tions from surgically implanted devices) [12].

Fatal outcome estimation

Mortality rates were estimated using the cause of death en-
semble model (CODEm), a methodology developed by the
GBD study for analyzing cause-specific mortality [9]. CO-
DEm utilizes out-of-sample predictive validity testing of sta-
tistical models and covariate permutations (Supplementary
Appendix 1, p. 14-15). The mortality rates for AEMT were
estimated using 3,653 data sources, including vital registra-
tion, verbal autopsies, and mortality surveillance, covering
the period from 1990 to 2021. To ensure consistency across
cause-specific models, the CoDcorrect algorithm was em-
ployed to derive the final burden estimates (Supplementary
Appendix 1, p. 15). The generated mortality estimates in-
clude YLLs, calculated by multiplying the number of deaths
by the standard life expectancy for each age group, strati-
fied by cause, age, sex, location, and year.
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Additionally, the mortality-incidence ratios (MIRs) were
utilized as an indicator to specifically assess the lethality of
AEMT within certain populations [13]. The MIR was cal-
culated as the ratio of the number of deaths due to the
AEMT to the total number of incident cases (Supplemen-
tary Appendix 1, p. 32-35). The MIRs for AEMT can vary
significantly based on several factors, including the medical
characteristics of the population, the availability and quality
of healthcare services, the effectiveness of follow-up treat-
ments, and advancements in medical technology over time
[13]. To capture temporal trends, the analysis focused on
the percentage change in MIRs between 1990 and 2021,
stratified by age groups and countries categorized by the
SDI. This approach allowed for a detailed evaluation of how
MIRs evolved over time across different demographic and
socioeconomic contexts.

Non-fatal outcome estimation

The non-fatal estimates generated for GBD 2021 are inci-
dence, prevalence, and YLDs. A total of 346 sources were
used, including data from hospital and emergency depart-
ment records, insurance claims, and surveys, to acquire
non-fatal estimates. To model healthcare access and treat-
ment across spatial and temporal dimensions, we employed
Spatiotemporal Gaussian process regression (ST-GPR) meth-
ods. This approach facilitated the estimation of treatment
rates while adjusting for biases inherent in healthcare data.
Additionally, we applied the meta-regression—Bayesian,
regularised, trimmed (MR-BRT) modeling to adjust epidemi-
ological data based on the proportion of individuals with
access to healthcare services. This included adjustments
for inpatient and outpatient care, specifically focusing on
sex-specific hospitalization rates. The integration of these
two methodologies allowed for the separate modeling of
the AEMT for both inpatient and outpatient populations.
Finally, we estimated the prevalence and incidence of AEMT
using the DisMod-MR 2.1 tool. Detailed descriptions of the
methods employed are provided in Supplementary Appen-
dix 1, p. 17-25 [11].

The prevalence and incidence of AEMT were categorized
into short-term and long-term estimates, considering dif-
ferences in disability weights (DWs) for the calculation of
YLDs. The YLDs adjusted for DWs were ultimately aggregat-
ed into total YLDs through a comorbidity correction process
(Supplementary Appendix 1, p. 26-29). AEMT cases that
received treatment were assigned different DWs compared
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to those that did not receive treatment. The proportion of
treated cases was estimated using the HAQ Index. The ex-
pected duration of injuries was applied alongside DWs to
generate epidemiological estimates. For non-fatal AEMT
cases, the long-term excess mortality rate was assumed to
be zero [11].

HAQ Index

This study examines healthcare access and quality for AEMT
within defined age groups, based on the Organisation for
Economic Co-operation and Development definition of the
working-age population (15-64 yr) and Nolte and McKee's
avoidable mortality age limit of 74 years [14]. The HAQ In-
dex quantifies healthcare performance on a scale from 0 to
100, where 0 represents the lowest observed performance
and 100 the highest. The index standardizes the effects of
cause-specific factors and risk exposures through an average
weighting system to allow meaningful comparisons across
age groups, years, and countries [15]. Using the HAQ In-
dex, this study analyzed the correlations between key AEMT
metrics—prevalence, incidence, DALYs, and mortality—
and healthcare quality and access. Additionally, locations
were stratified into five SDI groups to examine variations
in healthcare access and quality. This approach provides a
comprehensive perspective on the relationship between
national medical quality, accessibility, and AEMT outcomes.
Further methodological details are provided in Supplemen-
tary Appendix 1, p. 34-36.

Statistical analysis

All estimates derived from the GBD 2021 include a 95%
uncertainty interval (Ul), which was generated as the 2.5th
and 97.5th percentiles. The Ul was obtained through ran-
dom draws of 1,000 samples, thereby reflecting the cer-
tainty of each estimate. For every estimate, the draws were
aggregated by year, sex, age group, location, and SDI. As a
composite measure, a location with an SDI of 0 represents
the theoretical minimum level of sociodemographic devel-
opment relevant to these health outcomes, whereas an SDI
of 1 indicates the theoretical maximum level of sociodemo-
graphic development pertinent to these health outcomes.
The SDI was calculated in accordance with the methodol-
ogy outlined in the GBD 2021. Detailed methodological
information can be found in Supplementary Appendix 1,
p. 30-32. To examine the correlation between epidemio-
logical measures and the HAQ, Pearson correlation coeffi-
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cient analysis and linear regression analysis were conducted.
The analyses were performed stratified by quantiles and by
country. All analyses were conducted using Python (version
3.12.4; Python Software Foundation, Wilmington, DE, USA)
and R (version 4.4.1; R Foundation, Vienna, Austria).

RESULTS

Global burden of AEMT

In 2021, the global age-standardized prevalence and inci-
dence rates of AEMT were 11.48 per 100,000 population
(95% Ul, 8.86t0 14.13) and 150.44 (131.19t0 171.81), re-
spectively. The age-standardized rates for DALYs and mor-
tality were 64.19 per 100,000 population (95% Ul, 51.06
to 73.11) and 1.53 (1.29 to 1.68), respectively. The nation-
al-level age-standardized rates of prevalence, incidence,
DALYs, and mortality in 2021 are illustrated in Figure 1. De-
tailed counts and age-standardized rates for each measure
at the national and regional level are presented in Tables 1.
Age-standardized rates of YLDs and YLLs are shown in Sup-
plementary Figure 1 and Supplementary Table 4. The an-
nual percentage changes in age-standardized rates of prev-
alence, incidence, and YLDs per 100,000 population from
1990 to 2021 are depicted in Supplementary Figure 2 and
Supplementary Table 5. The composition of DALYs by YLDs
and YLLs over the same period is shown in Supplementary
Figure 3 and Supplementary Table 6. Throughout the study
period, over 97% of the total DALYs were consistently at-
tributed to YLLs.

From 1990 to 2021, the total numbers of prevalence, inci-
dence, and mortality cases increased. In 1990, the total prev-
alence was 565.62 thousand (95% U, 438.03 to 701.01),
incidence was 7,407.31 thousand (6,414.51 to 8,635.04),
and mortality was 108.54 thousand (94.49 to 127.77). By
2021, these figures had risen to 919.07 thousand (95% U,
706.95 to 1,139.54) for prevalence, 12,042.79 thousand
(10,491.19 to 13,779.53) for incidence, and 123.66 thou-
sand (105.79 to 136.36) for mortality. In contrast, the to-
tal number of DALYs showed a decreasing trend, declining
from 5,745.00 thousand (95% Ul, 4,914.84 10 6,594.17) in
1990 to 4,846.98 thousand (3,914.84 to 5,494.17) in 2021
(Supplementary Fig. 4 and Supplementary Table 7).

Despite these increases in total numbers, the age-stan-
dardized rates of prevalence, incidence, DALYs, and mor-
tality all declined from 1990 to 2021. The age-standardized
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Age-standardized incidence rate (per 100,000 population), both sexes, 2021
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Figure 1. Global distribution of age-standardized prevalence, incidence, DALYs, and mortality rate (per 100,000 population) for adverse
effects of medical treatments in both sexes, 2021. DALYs, disability-adjusted life years.

prevalence rate decreased from 12.12 per 100,000 (95%
Ul, 9.3510 15.07) in 1990 to 11.48 (8.86 to 14.13) in 2021,
peaking at 14.67 (11.32 to 18.22) in 2012. Similarly, the
incidence rate declined from 158.83 per 100,000 (95% Ul,
138.05 to 183.62) in 1990 to 150.44 (131.19t0 171.81) in
2021, also peaking at 192.39 (168.06 to 220.55) in 2012.
Age-standardized DALY rates decreased from 106.49 per
100,000 (95% UI, 91.17 t0 122.52)in 1990 to 64.19 (51.06
to 73.11) in 2021. Similarly, age-standardized mortality
rates dropped from 2.40 per 100,000 (95% Ul, 2.11 to
2.84) to 1.53 (1.29 to 1.68) over the same period (Supple-
mentary Fig. 4 and Supplementary Table 8). Details on the
total numbers and age-standardized rates of YLDs and YLLs
are provided in Supplementary Figure 5 and Supplementary
Table 9.

Burden of AEMT attributable to age and sex

The total counts and rates of prevalence, incidence, DALYs,
and mortality, stratified by age and sex, are presented in
Figure 2 and Supplementary Tables 10-13. Both prevalence
and incidence rates generally increase with age. For preva-
lence, the lowest rate was observed in the 5-9 age group, at
4.38 per 100,000 population (95% Ul, 2.61 to 7.01), while
the highest rate was recorded among individuals aged 95
years and older, reaching 50.28 per 100,000 population
(28.98 t0 79.81). Similarly, for incidence, the lowest rate oc-
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curred in the 12-23 month age group, at 52.20 per 100,000
population (95% Ul, 36.41 to 69.39), and the highest inci-
dence rate was found among those aged 95 years and old-
er, at 661.86 per 100,000 population (389.39 to 1,012.31).

DALY rates were highest in the early neonatal group, at
4,789.47 per 100,000 population (95% Ul, 3,682.00 to
5,963.30). In contrast, mortality rates followed a distinct
U-shaped pattern, with higher rates observed in both the
neonatal and older population groups. Specifically, mortality
rates in the early neonatal group were 53.22 per 100,000
population (95% Ul, 40.91 to 66.27), and in the 95+ years
group, they were 31.56 per 100,000 population (23.69 to
35.88). The total counts and age-specific rates of YLDs and
YLLs are provided in Supplementary Figure 6 and Supple-
mentary Tables 14-15.

The specific rates of prevalence, incidence, DALYs, and
mortality according to each age group, stratified by SDI
quintiles are presented in Figure 3 and Supplementary Ta-
bles 16-19. Prevalence and incidence rates are highest in
all age group in high SDI quintiles compared to lower SDI
quintiles. However, DALY and mortality exhibit lower rates
in high SDI quintiles in all age group compared to lower
SDI quintiles. The specific rates of YLD and YLL according to
each age group, stratified by SDI quintiles are presented in
Supplementary Figure 7 and Supplementary Tables 20-21.
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Table 1. Global count and age-standardized rate (per 100,000) of prevalence, incidence, DALYs, and mortality for adverse
effects of medical treatments in the both sexes in 2021

Prevalence (95% Ul)

Age-standardized rate

Incidence (95% Ul)

Age-standardized rate

Count (thousand) (per 100,000) Count (thousand) (per 100,000)
Global 952.44 (7306910 1180.52)  11.48 (8.86 to 14.13) 12,481.28 (10,886.79 to  150.44 (131.19 to 171.81)
14,290.63)
Sex
Male 437.83(335.13t0 543.30) 10.94 (8.43 to 13.56) 5,738.08 (5,012.27 to  143.43(125.43 to 162.94)
6,558.83)
Female 514.61 (395.95 t0 642.39) 12.10 (9.35 to 15.03) 6,743.20 (5,859.66 to  158.58 (137.93 to 181.67)
7,748.28)
Central Europe, Eastern Europe, and Central Asia
Central Asia 16.12 (12.16 t0 20.64) 16.63 (12.55 to 21.17) 210.97 (176.07 t0 252.69) 217.64 (183.21 to 259.60)
Central Europe 30.57 (23.00t0 39.08)  20.17 (15.36 to 25.31) 400.40 (339.83 to 264.15 (227.92 to 310.51)
473.38)
Eastern Europe 34.86 (26.56 10 44.78)  13.43(10.33t0 17.08)  456.53 (387.65 to 537.84) 175.87 (150.80 to 206.37)
High-income regions
Australasia 3218 (24.59 t0 39.78)  80.07 (62.31t0 98.69)  422.10(365.37 10 483.62)  1,049.66 (919.10 to

High-income Asian Pacific

High-income North
America

Southern Latin America
Western Europe

Latin America and Caribbean

Andean Latin America
Caribbean
Central Latin America

Tropical Latin America

North Africa and Middle
East

South Asia

12.04 (9.34 t0 15.27)

397.87 (299.48 to
502.98)

26.65 (20.79 to 32.82)
58.83 (45.22 to 74.23)

6.67 (5.19 t0 8.33)
4.41 (3.47 10 5.37)
22.42 (17.45 10 28.03)

13.75(10.67 to 17.26)
67.90 (52.71 to 84.98)

133.36 (103.92 to 166.52)

Southest Asia, East Asia, and Oceania

East Asia

Oceania
Southest Asia
Sub-Saharan Africa

Central Sub-Saharan Africa
Eastern Sub-Saharan Africa

Southern Sub-Saharan
Africa

Western Sub-Saharan
Africa

27.48(20.42 t0 35.97)

0.64 (0.50 to 0.80)
12.45 (9.48 t0 16.08)

6.41 (4.90 t0 8.13)
15.49 (11.95 to 19.48)
5.14 (4.01 to 6.38)

27.20 (21.06 to 34.31)

5.44 (418 10 6.92)
75.73 (58.09 to 95.30)

35.96 (28.08 to 44.04)
10.61 (8.14 to 13.21)

10.20 (7.91 to0 12.73)
9.08 (7.1 to 11.12)
8.83(6.87 to 11.01)

5.70 (4.44 10 7.11)
11.01 (8.58 to 13.64)

7.44 (5.77 10 9.28)

1.90 (1.42 to 2.57)

4.87 (3.78 10 5.93)
1.80(1.37 t0 2.29)

5.64 (4.37 t0 7.00)
4.37 (3.40 to 5.40)
6.82 (5.29 t0 8.45)

6.61 (5.14 t0 8.15)

157.73 (136.02 to 183.29)

5,220.92 (4,418.05 to
6,146.69)

349.11 (308.78 to 394.09)
770.59 (671.24 t0 894.12)

87.24 (75.53 to 101.91)
57.76 (50.37 to 66.69)

293.45 (253.08 to
346.63)

179.91 (155.57 to 207.94)

888.61 (747.54 to
1,065.14)

1,745.24 (1,493.06 to
2,050.67)

359.56 (291.72 to
446.64)

8.43(7.20 10 9.87)
162.84 (133.93 to 198.60)

83.94 (70.46 t0 99.81)
202.70 (170.24 to 239.46)
67.27 (57.54 t0 78.96)

355.98 (301.65 to 421.35)

1,208.42)
71.16 (60.75 to 84.71)

993.04 (855.21 to
1,146.71)

470.95 (415.58 to 534.94)
138.96 (120.35 to 161.97)

133.48(116.22 to 155.39)
118.82 (103.09 to 137.94)
115.61 (99.76 to 137.09)

74.59 (64.29 t0 86.97)
144.11 (123.17 to 170.68)

97.39 (84.10 to 113.22)

24.88(19.75 to 31.26)

63.68 (54.93 to 73.42)
23.51(19.33 t0 28.52)

73.77 (64.06 to 84.71)
57.20 (49.48 to 65.93)
89.27 (77.28 to 104.26)

86.56 (75.56 t0 99.13)
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DALYs (95% Ul)

Mortality (95% Ul)

Age-standardized rate

Count (thousand) (per 100,000)

Count (thousand)

Age-standardized rate

(per 100,000)

Global 4,846.98(3914.84t0  64.19(51.06 to 73.11)  122.33(103.91 to 133.97)
5,494.17)
Sex
Male 2,371.40(1,782.17 to 63.67 (47.45 to 75.13) 58.68 (47.02 to 67.15)
2,788.09)
Female 2,475.58 (1,923.47to  64.98 (49.06 to 74.10)  63.65 (52.73 t0 70.72)
2,802.22)
Central Europe, Eastern Europe, and Central Asia
Central Asia 16.37 (14.35 to 18.69) 17.96 (15.79 to 20.41) 0.38(0.33t0 0.42)

39.95 (36.84 to 43.51)
60.94 (56.65 to 65.84)

2413 (22.24 10 26.22)
23.38(21.80 to 25.11)

1.62 (1.48 to 1.75)
2.09 (1.93 t0 2.29)

Central Europe

Eastern Europe
High-income regions

8.95(7.26 to 11.25) 21.22 (17.05 to 26.57)
38.29(34.821t040.98)  13.94 (13.07 to 14.78)
227.72 (205.27 t0 256.54) 46.06 (41.92 to 51.52)

0.24(0.21 10 0.27)
1.95 (1.67 t0 2.14)
7.25 (6.58 to 7.62)

Australasia
High-income Asian Pacific

High-income North
America

48.26 (45.26 t0 51.12)
201.46 (184.81 t0 212.62)

61.46 (58.04 to 65.24)
61.46 (58.04 to 65.24)

1.94 (1.78 t0 2.07)
10.74 (9.42 to0 11.49)

Southern Latin America
Western Europe
Latin America and Caribbean
Andean Latin America 18.06 (14.23 to 25.24) 28.79 (22.68 to 40.34) 0.43 (0.34 t0 0.61)
Caribbean 50.61(39.88t0 63.35)  111.91 (85.58 t0 142.90)  1.28 (1.09 to 1.50)
Central Latin America 90.49 (78.89t0 104.21)  38.21 (32.96 to 44.32) 2.47 (2.18 t0 2.78)
90.47 (85.57 10 95.03)  37.91 (35.66 to 40.13) 3.10 (2.87 t0 3.27)
323.83(257.30t0 387.33) 54.92 (43.72 t0 65.43) 6.89 (5.51 t0 8.12)

Tropical Latin America
North Africa and Middle

East
South Asia 1,634.02 (1,348.11to  101.55 (83.54 to 115.67)  48.19 (39.55 t0 55.13)
1,853.13)
Southest Asia, East Asia, and Oceania
East Asia 142.07 (118.59 t0 188.60)  10.21 (8.68 to 13.15) 4.13(3.34 t0 5.56)
Oceania 8.44 (5.39 to 15.60) 61.49 (38.16 to 119.99) 0.15(0.09 to 0.30)
Southest Asia 125.30(98.27 t0 216.05)  19.07 (14.94 to 33.53) 3.03(2.43t05.03)

Sub-Saharan Africa
Central Sub-Saharan Africa 123.93 (83.28 to 189.57) 100.50 (70.26 to 176.12)

483.34 (323.74 to 114.33 (76.83 to 244.40)
898.53)

52.22 (41.17 t0 60.43)

2.21(1.54 10 3.83)

Eastern Sub-Saharan Africa 8.00 (5.38 to 17.00)

Southern Sub-Saharan 70.37 (55.50 to 80.82) 1.14 (0.91 to 1.30)

Africa
Western Sub-Saharan 1,062.26 (598.47 to 175.48 (103.30 t0 219.03) 15.09 (8.80 to 18.82)
Africa 1,352.84)

1.53(1.29 to 1.68)

1.58 (1.26 t0 1.79)

1.51 (1.23 to 1.68)

0.49 (0.43 t0 0.54)
0.78 (0.71 10 0.84)
0.67 (0.62 to 0.72)

0.44 (0.39t0 0.48)
0.43(0.39 to 0.46)
1.19 (1.10 to 1.25)

2.24(2.07 t0 2.38)
1.08 (0.98 to 1.14)

0.71 (0.56 to 1.01)
2.57 (2.16 t0 3.04)
1.03 (0.91 to 1.16)
1.26 (116 to 1.33)
1.35(1.08 to 1.56)

0.49 (0.39 t0 0.80)

0.24(0.20t0 0.32)
1.49 (0.89 to 3.05)
0.49 (0.39 t0 0.80)

2.81(1.95 t0 5.55)
2.90(1.87 to 7.12)

1.82(1.45t0 2.04)

3.62 (2.29 to 4.64)

DALYs, disability-adjusted life years; Ul, uncertainty interval.
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Figure 2. Total case and rate (per 100,000 population) of key metrics for adverse effects of medical treatments, globally and by age
groups and sex, 2021. (A) Prevalence, (B) incidence, (C) DALYs, and (D) mortality. DALYs, disability-adjusted life-years. Shaded regions indi-

cate 95% uncertainty intervals.

MIRs of AEMT stratified by age, SDI, and year
In 2021, the MIR was highest at both ends of the age spec-
trum: the early neonatal group (0.576 [95% Ul, 0.551 to
0.580]) and the 95+ age group (0.048 [0.035 to 0.061)).
This pattern was consistent across all SDI quintiles, with
higher MIRs observed in lower SDI quintiles. For example,
in the early neonatal group, the MIR was 0.023 (95% Ul,
0.021 to 0.027) in the high SDI quintile, 0.077 (0.071 to
0.082) in the high-middle SDI quintile, 0.402 (0.374 to
0.425) in the middle SDI quintile, 1.062 (1.003 to 1.055) in
the low-middle SDI quintile, and 1.123 (0.971 to 1.344) in
the low SDI quintile. In the 95+ age group, the MIR followed
a similar trend: 0.027 (95% Ul, 0.020 to 0.034) in the high
SDI quintile, 0.229 (0.189 to 0.250) in the high-middle SDI
quintile, 0.174 (0.142 to 0.207) in the middle SDI quintile,
0.286 (0.236 to 0.340) in the low-middle SDI quintile, and
0.328 (0.325 to 0.419) in the low SDI quintile (Figure 4A
and Supplementary Table 22).

Globally, the MIR decreased by 33.11% (95% Ul, 35.21
to 36.67) from 1990 to 2021 across all age groups. While
the highest MIRs persisted in the early neonatal and 95+ age
groups across all SDI quintiles, the reductions were smallest

https://doi.org/10.3904/kjim.2025.278

in the low and low-middle SDI quintiles. In the early neo-
natal group, MIR decreased by 11.37% (95% Ul, 12.92 to
13.45) in the low-middle SDI quintile and by 12.21% (2.95
to 12.08) in the low SDI quintile, compared to reductions
of 40.10% (38.23 to 38.52) in the middle SDI quintile,
72.81% (71.32 to 72.60) in the high-middle SDI quintile,
and 41.30% (37.53 to 45.97) in the high SDI quintile. In the
95+ age group, MIR increased slightly in the low-middle SDI
quintile (0.64% [95% Ul, -15.79 to 1.47]) and in the low
SDI quintile (12.22% [-6.45 to 10.11]) (Figure 4B and Sup-
plementary Table 23). The global trend in MIR from 1990 to
2021 is shown in Supplementary Figure 8.

Burden of AEMT correlation with HAQ index

Prevalence and incidence rates are positively correlated with
HAQ Index (prevalence rate, r = 0.403, p < 0.0001; inci-
dence rate, r = 0.403, p < 0.0001), while DALY and mor-
tality rates are negatively correlated with HAQ Index (DALY
rate, r = -0.657, p < 0.0001; mortality rate, r =-0.585, p <
0.0001) (Fig. 5). Correlation of YLD and YLL rates with HAQ
Index are presented in Supplementary Figure 9. Age-strati-
fied analysis revealed that the HAQ Index was most strongly
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and positively correlated with AEMT incidence rates in the
65-74-year age group, followed by the 15-64 and 0-14
age groups (Supplementary Fig. 10).

care utilization in high SDI quintiles, particularly among the
older population, and emphasize the need to reduce the
burden of AEMT in children under two by improving neo-
natal care in lower SDI quintiles. Additionally, while preva-
lence and incidence rates increase with higher SDI levels, the

DISCUSSION inverse relationship between SDI and overall MIRs, DALYs,
and mortality indicates that improved follow-up care for
Key finding AEMT could substantially reduce mortality and DALYs, as

From 1990 to 2021, global AEMT incidence and prevalence
rates peaked in the early 2010s before declining, while
DALY and mortality rates steadily decreased throughout the
period. Both prevalence and incidence rates increased with
age, reaching their highest levels in the older population.
This trend was most pronounced in the high SDI quintile,
which exhibited significantly higher prevalence and inci-
dence rates across all age groups, particularly in the neo-
natal group. However, only the high SDI quintile indicated
notably low MIRs in the neonatal group, while other quin-
tiles experienced the highest MIRs during the early neona-
tal period. Lower SDI quintiles showed limited reductions in
MIRs for the neonatal group from 1990 to 2021 compared
to higher SDI quintiles, underscoring persistent disparities in
AEMT outcomes by socioeconomic context.

These findings underscore the impact of excessive health-
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observed in high SDI quintiles.

Plausible underlying mechanism

The elevated burden of AEMT in populations under two
years and over 65 years of age can be attributed to several
factors. First, older population frequently has multiple pre-
scriptions due to a higher prevalence of comorbidities, and
experience physiological changes due to aging [16]. Addi-
tionally, they generally experience reduced physical function
and subsequent diminished capacity for postoperative re-
covery. These render old patients susceptible to the adverse
effect of drugs and postsurgical complications [17]. In the
pediatric population, choosing and dosing of medication re-
quire special consideration for pediatric physiology, and the
complexity is inherent in pediatric surgical conditions [12].
Kaushal and colleagues also illustrated that perioperative
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adverse events, along with drug dosage effects, are among
the primary causes of high mortality in pediatric populations
[18]. Moreover, the use of off-label or unlicensed drugs in
neonates and infants is frequent, because of limited studies
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on pharmacokinetics in neonates, further contributing to
the increased DALYs and mortality rates [19].

Several factors may contribute to notably high prevalence
and incidence rates of AEMT in older populations within
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the high SDI quintile. First, high-income countries tend to
have a larger proportion of older individuals and a higher
prevalence of chronic comorbidities within this age group
[20]. Since AEMT occurs more prevalently in conjunction
with chronic conditions [21], this could partly explain the
elevated rates. Another possible factor is increased health-
care access in high SDI countries [15], which may lead to
higher healthcare overuse among the older population,
even in cases of non-essential care. For instance, in coun-
tries with national health insurance systems, such as South
Korea, excessive healthcare use among the older population
has become a recognized issue [22]. Moreover, the HAQ
Index for individuals aged 65 to 74 years exhibited the stron-
gest positive correlation with AEMT incidence rates, further
suggesting that healthcare overutilization among the older
population may contribute to the burden in countries with
higher HAQ Index values. This finding aligns with previous
research indicating a positive association between the pro-
portion of older populations and public healthcare expen-
diture in high-income countries, as well as the widespread
overuse of medical services observed in these settings [23].

Clinical and policy implications

The notably high prevalence and incidence rates of AEMT
in older populations within high SDI quintiles are concern-
ing. While it is expected for older individuals with healthcare
needs to utilize services, in high-income countries, health-
care utilization by those without critical need may contrib-
ute to elevated rates of AEMT and place strain on healthcare
systems. Studies indicate that one-fifth to one-third of pa-
tients receive unnecessary healthcare services, which may be
potentially harmful [24]. Baicker and colleagues suggest that
reducing overall testing by 46.8 percent, including a 62.4
percent reduction for low-risk patients, who comprise the
majority, and a 15.6 percent increase in testing for high-risk
groups would help alleviate the burden of adverse events
[25]. Patients often seek additional healthcare services when
their personal financial contribution is minimal [25]. Howev-
er, this issue is not solely patient-driven; clinician incentives
also play a role. Clinicians may underutilize high-value re-
sources when compensation is insufficient and overutilize
low-value resources when financial returns are higher [26].
Addressing this imbalance requires fostering clinician ethics
and establishing a more equitable compensation structure.
At a societal level, increasing the proportion of primary care
physicians may help curb healthcare overuse [27]. Further-
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more, implementing a standardized index to monitor un-
necessary healthcare usage and adopting community-based
case management for medical aid beneficiaries could reduce
the strain of excessive healthcare utilization [28].

The global decline in MIR across all SDI quintiles indicates
that the burden of AEMT can be effectively mitigated with
the implementation of appropriate interventions. In this re-
gard, it is notable that there was the greatest reduction in
MIR in neonatal groups, while MIR among older popula-
tions has remained steady. This finding indicates that the
observed decline in age-standardized DALY and mortality
rates could be primarily attributable to improved survival
rate of AEMT in neonatal groups. Additionally, MIR in neo-
natal groups is the highest across all SDI quintiles, except
for the high SDI quintile, further emphasizing the need to
reduce the burden of AEMT in neonatal populations across
lower SDI quintiles. Previous study reporting many adverse
events in neonatal group results in permanent harm and
most of them preventable [29]. Also, the higher rates of
AEMT in preterm birth, but relative lack of resources and
lower quality of neonatal cares in low-income countries
compared to high-income countries, emphasize the need
to develop interventions of neonatal cares particularly in
low-income countries [30]. Achieving outcomes similar to
those seen in high SDI regions could be a key target for
global policy initiatives aimed at addressing the burden of
AEMT worldwide.

Despite previous safety initiatives and interventions so far,
the limited impact on patient safety can be attributed to the
failure to address multiple contributory factors within the
healthcare system [31]. A comprehensive approach combin-
ing individual, system, and organizational-level measures is
necessary [5]. At the individual level, practitioner education
serves as an effective intervention [5]. System-level mea-
sures include prospective reporting, which can identify pre-
ventable adverse events, provide practical warning systems,
and improve the reliability of judgements on the medical
errors [32]. Additionally, implementing a dependable sys-
tem for screening polypharmacy and comorbidities would
further strengthen system-level interventions [33]. At the
organizational level, fostering a safety culture within health-
care institutions can improve clinicians’ behaviors towards
patient safety, thus reducing adverse events and mortality
[34]. Furthermore, differences in healthcare systems among
high-income countries may also influence the burden of
AEMT. For example, variations in insurance coverage, reim-
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bursement structures, and care delivery models could shape
patterns of healthcare utilization and adverse outcomes
[35]. Future comparative analyses across advanced health
systems would provide valuable insights into how institu-
tional contexts modify the risk of AEMT.

Strengths and limitation
Despite the advantages of utilizing GBD 2021 for measuring
AEMT, several limitations persist. Firstly, in countries/terri-
tories with underdeveloped medical registries, AEMT cases
may be underreported due to poor identification process-
es [36], and estimates of the national and regional burden
might rely on modelling data based on neighboring coun-
tries or a limited number of organizations, potentially re-
ducing accuracy [37]. Second, unlike prior study conducted
in the United States, this analysis did not investigate each
AEMT subtype separately (adverse drug events, surgical
and perioperative AEs, misadventure, AEs associated with
medical management, AEs associated with medical or sur-
gical devices, others) [12]. As noted in the first limitation,
compared to the United States, medical registries in non-
high-income countries and territories are less developed.
Consequently, the classification of AEMT subtypes may lack
precision. Therefore, focusing on the overall AEMT estimate
offers a more stable and reliable measure in a global con-
text. This approach acknowledges the trade-off between
achieving broad global coverage and conducting in-depth
component analysis. Third, ICD codes for AEMT in the GBD
2021 may have not fully captured all AEMT cases. Health-
care providers could be reluctant to report AEMTs, as they
are often perceived as ‘mistake’. This perception may drive
providers to report alternative ICD codes that align more
closely with the patient’s symptoms rather than the AEMT
itself [38]. Moreover, certain events resulting from inpatient
care issues such as nosocomial infections (ICD-10 code,
Y95), falls due to inadequate hospital safeguards (W09), or
decubitus ulcer and pressure area (L89) may not be classified
as AEMTs in the GBD [39]. Lastly, the burden of AEMT could
not be subdivided into different severities and its prevent-
ability, unlike previous study by Panagioti and colleagues [5].
Despite its limitations, this study offers unique strength.
The GBD 2021 utilized a diverse range of data sources,
including health registration systems, national censuses,
household surveys, disease-specific registries, and published
studies, providing a robust dataset for analyzing AEMT. This
contrasts with many previous studies, which were often
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limited to data from single developed countries [12]. As a
result, this study stands out as the most current and com-
prehensive quantitative longitudinal analysis of the global,
regional, and national burden of AEMT, stratified by age,
sex, and SDI.

CONCLUSION

This GBD 2021 provides a comprehensive overview of the
global burden of AEMT from 1990 to 2021. The findings re-
veal higher prevalence and incidence rates among the older
population in high SDI quintiles, likely reflecting healthcare
overuse. Elevated MIRs in children under two in lower SDI
quintiles, along with slower declines, compared to high SDI
quintiles, underscore the need for targeted interventions.
Enhancing neonatal care in lower SDI regions and ensuring
consistent follow up care are essential to reducing prevent-
able harm and global disparities in AEMT outcomes.

KEY MESSAGE

1. The higher burden of AEMT among older adults in
high SDI quintiles may reflect healthcare overuse.

2. MIRs were higher in lower SDI quintiles, indicating
a greater risk of fatal outcomes.

3. From 1990 to 2021, MIRs declined more gradually
in lower SDI, suggesting persistent disparities in
healthcare quality and access.
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