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Concerns about the adverse effects of medical treatment (AEMT) are increasing along with the global 
use of medical treatments. However, comprehensive information regarding the epidemiology of AEMT 
in the Eastern Mediterranean Region (EMR) is lacking. This study assessed the burden of AEMT in 
the EMR from 1990 to 2021 by age, sex, and socio-demographic index (SDI). Data on the prevalence, 
incidence, deaths, and disability-adjusted life years (DALY) of AEMT in the EMR was extracted from 
the Global Burden of Disease 2021 study. Counts, age-standardized rates, percent changes in the 
rates, and 95% uncertainty intervals were reported. In the EMR, the burden of AEMT declined over the 
past three decades, with notable variation across countries and population groups. In 2021, females 
experienced a higher burden than males in most EMR countries and at the regional level. The highest 
DALY and death rates occurred in early childhood and among the elderly. Countries with a high SDI 
tended to have higher incidence rates, whereas those with a lower SDI experienced higher DALY rates. 
The epidemiology of AEMT exhibited considerable variation based on age, sex, and socioeconomic 
status in the EMR, highlighting the need for context-specific patient safety initiatives and medical error 
prevention programs across the region.
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Adverse effects of medical treatment (AEMT) refer to any disease, injury, or complication that develops due 
to medical care and results in suffering, prolonged recovery period, diminished quality of life, or even death. 
Postoperative infections, drug hypersensitivity reactions, and inappropriate medication prescriptions are some 
examples of AEMT1. The global population increased by 44.6% between 1990 and 2019, while the incidence 
cases of AEMT grew even more rapidly, rising by 59.3%2. This trend prompted increased efforts to gather 
information, identify underlying causes, and implement monitoring systems, including methods for patient 
safety and medical malpractice reporting3.

Despite global improvements, AEMT remains a major public health issue, particularly in underdeveloped 
countries. All World Health Organization (WHO) regions exhibited a downward trend in disability-adjusted 
life years (DALY) due to AEMT. In the Eastern Mediterranean Region (EMR), DALY rates decreased by 
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23.2% from 1990 to 2017; however, the burden remains higher in the EMR than in most other WHO regions. 
Patient safety and healthcare quality in the EMR face unique challenges due to extreme adversity settings. Key 
issues include financing problems, service inaccessibility, insecurity of health workers, breakdowns in health 
systems, and inadequate infrastructure4. Notably, while years of life lost (YLL) rates due to AEMT fell from 
109.3 to 83.2 per 100,000 population, years lived with disability (YLD) increased from 2.1 to 2.4 per 100,000 
population, indicating a shift in the burden from mortality to long-term morbidity5. Consequently, the WHO 
has implemented a plan to reduce occurrences of AEMT by 20226. Approximately 8.2% of hospital admissions 
in developing countries, particularly in the EMR and African regions, experience at least one adverse event, 83% 
of which are preventable7. Medical errors have a wide variety of effects on patients, families, and communities, 
ranging from fatal outcomes to lifetime impairment and decreased quality of life8. Therefore, to fully assess the 
burden of AEMT, it is essential to consider disability and associated costs and mortality9.

Previous studies have primarily focused on examining the burden of AEMT at the global level3,5,10 and in 
specific countries such as India11 and the United States12. Furthermore, some studies have specifically targeted 
certain groups, such as older adults in the United States from 1990 to 201913 or children in the United States from 
2000 to 201914. These studies evaluated indicators such as DALY, YLD, and YLL using earlier iterations of Global 
Burden of Disease (GBD) data. However, to the best of our knowledge, no studies have been conducted on the 
disease burden and trends of AEMT in the EMR using recent data.

The EMR comprises 22 countries with diverse healthcare systems, economic conditions, and population 
health profiles15. In the past three decades, the region has witnessed significant improvements in healthcare 
systems due to investments in medical infrastructure, increased access to treatment, and the adoption of new 
medical technologies. However, these developments may also pose challenges to the safety and quality of 
medical care, potentially increasing the risk of AEMT. Using data from the GBD 2021 project, this study aimed 
to examine the epidemiology of AEMT in the EMR from 1990 to 2021 by age, sex, and its association with 
socio-demographic index (SDI). This research contributes to the growing body of knowledge on patient safety 
and healthcare quality, providing policymakers and healthcare professionals with valuable insights to inform 
targeted interventions and improve healthcare outcomes in the EMR.

Methods
Overview
The Global Study on Diseases, Injuries, and Risk Factors was created to estimate health losses resulting from 
371 diseases and injuries, as well as 88 risk factors between 1990 and 2021, based on age, sex, and geographic 
location16. Compared with previous iterations of GBD (e.g., GBD 2019), the GBD 2021 research included several 
key improvements. First, more precise age groupings for children under five were added to the cause-of-death 
data. Second, improved statistical techniques were used better to quantify the impact of fewer frequent causes 
of death and to account for uncertainty in cause-of-death data. Third, a substantial amount of new data, such as 
verbal autopsy, surveillance, vital registry, and other data sources, were added to the study. Finally, the impact of 
COVID-19 and other pandemic-related mortality was investigated16,17.

Data sources and definition
The Institute for Health Metrics and Evaluation developed the Global Health Data Exchange, a platform for 
the GBD dataset. The data is available at https://vizhub.healthdata.org/gbd-results/. We extracted data on the 
incidence, prevalence, DALY, and deaths of AEMT in the EMR and its 22 countries from 1990 to 2021. Moreover, 
percent changes in age-standardized rates were also extracted. Data was included from several sources, including 
surveys, as well as medical, hospital, emergency department, and insurance records. AEMT was defined based 
on the International Classification of Diseases (ICD). Table S1 represents the relevant ICD-9 and ICD-10 codes 
used for the definition of AEMT17.

Data processing and modelling
The DisMod-MR 2.1 tool, a Bayesian meta-regression analysis of data on non-fatal health outcomes, was used for 
modelling. This model estimates incidence, prevalence, remission, and mortality even in locations with sparse 
or missing data by borrowing information from other countries in the same region and incorporating location-
specific covariates. It ensures internally consistent and comparable estimates across different geographic and 
demographic settings.

However, the accuracy of these modelled estimates depends heavily on the availability and quality of primary 
input data. According to the GBD 2021 Data Input Sources Tool ​(​​​h​t​t​p​s​:​/​/​g​h​d​x​.​h​e​a​l​t​h​d​a​t​a​.​o​r​g​/​g​b​d​-​2​0​2​1​/​s​o​
u​r​c​e​s​​​​​)​, no primary data on AEMT were available for nine EMR countries, Afghanistan, Djibouti, Morocco, 
Libya, Pakistan, Somalia, Sudan, Tunisia, and Yemen, during the 1990–2021 period. For Iran, Jordan, and Qatar, 
primary data were available but limited to selected years. The remaining countries had partial data availability, 
often restricted to data related to death or specific time points. These limitations indicate that many of the AEMT 
estimates for the EMR were derived primarily through modelling rather than empirical observation.

Uncertainty from data gaps, adjustments, and modelling assumptions is quantified through 95% uncertainty 
intervals (UIs) provided with all final estimates. However, estimates from low-data settings may still reflect 
higher uncertainty, which is acknowledged as a limitation of the modelling approach. YLL was calculated by 
deducting a deceased person’s age from their area’s average life expectancy. YLD was estimated by multiplying 
the prevalence by the associated disability weight. Finally, DALY was calculated by summing YLL and YLD to 
indicate the burden of the AEMT16.

The AEMT mortality rate per 100,000 people was calculated by dividing the number of AEMT-related 
deaths in a given year by the population of the same region. To address the influence of population structural 
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characteristics (such as age and sex) on death rates, age-standardized death rates were calculated based on the 
GBD standard population.

Statistical analysis
The 95% UI was calculated to account for the estimations’ uncertainty. Each step of the estimation process 
generated 500 iterations, and the 95% UIs were defined as the 25th and 975th values from the numerically 
ordered iterations. The final estimates were based on the mean values from these 500 iterations16.

Smoothing spline models were used to analyze the relationship between the SDI and the age-standardized 
incidence and DALY rates of AEMT. These outcomes are continuous variables derived by dividing event counts 
by population estimates and adjusting for age structure. Generalized additive models (GAMs) with penalized 
smoothing splines were used to flexibly model potential nonlinear associations between SDI and the incidence 
and DALY rates. To reflect uncertainty, we added confidence bands around the spline curves. To assess the 
robustness of the results, we performed sensitivity analyses by varying the smoothing parameter and comparing 
effect estimates across different SDI ranges. These effect estimates represent the predicted differences in incidence 
or DALY rates between selected SDI values based on the fitted models. The SDI considers three components: the 
average education level of people over 15, income per capita adjusted for inequality, and the total fertility rate of 
women under 25. Its value ranges from zero (less developed) to one (highly developed)18.

We reported the counts, age-standardized rates, and percent changes in the age-standardized rates, along 
with their 95% UIs, for AEMT from 1990 to 2021 worldwide, in the EMR, and in 22 countries of the EMR. We 
also reported the epidemiology of AEMT by sex and in different age groups with 5-year intervals. We used R 
(version 4.2.1) for all statistical analysis and visualization.

Results
Epidemiology of AEMT at the global, regional, and country levels
In 2021, the age-standardized incidence rate of AEMT in the EMR was 127.9 (95% UI: 110.4, 149.8) per 100,000 
population, reflecting an overall decrease of -18.7% (95% UI: -20.5, -17.0) since 1990. The global age-standardized 
incidence rate was higher at 150.4 (95% UI: 131.2, 171.8) per 100,000 population, with a smaller decrease of 
-5.3% (95% UI: – 7.9, -2.6) over the same period. The age-standardized point prevalence of AEMT in 2021 was 
9.8 (95% UI: 7.7, 12.1) in the EMR and 11.5 (95% UI: 8.9, 14.1) per 100,000 globally. The age-standardized point 
prevalence of AEMT declined from 1990 to 2021 in both the EMR (-18.7% [95% UI: -20.5, – 17.0]) and globally 
(-5.3% [95% UI: -7.8, -2.7]), with the largest percentage change occurring in the EMR. In 2021, the global age-
standardized DALY rate due to AEMT was 64.2 (95% UI: 51.1, 73.1) per 100,000 population, showing a -39.7% 
(95% UI: – 48.9, -31.2) decrease from 1990 to 2021. The age-standardized DALY rate in the EMR for 2021 was 
88.6 (95% UI: 73.6, 103.2) per 100,000, with a – 46.3% (95% UI: -55.4, -35.4) decrease over the same period. 
The global and EMR age-standardized death rates of AEMT in 2021 were 1.5 (95% UI: 1.3, 1.7) and 2.4 (95% 
UI: 2.0, 2.8) per 100,000 population, respectively. Between 1990 and 2021, the percentage change in death rates 
decreased by -36.1% (95% UI: -43.7, -28.0) globally and by -40.7% (95% UI: -54.8, -27.3) in the EMR (Fig. 1 and 
Table S2).

Across the EMR countries in 2021, Afghanistan (190.7 [95% UI: 169.5, 217.4] per 100,000 population) and 
Somalia (58.9 [95% UI: 50.9, 67.8] per 100,000 population) recorded the highest and lowest age-standardized 
incidence rates of AEMT, respectively. All EMR countries exhibited a decrease in age-standardized incidence 
rates from 1990 to 2021, except for Pakistan, which showed an increasing pattern (11.8% [95% UI: 6.0, 16.9]). 
The most notable decreases were observed in Iran (-42.7% [95% UI: -44.5, -41.0]), while Somalia had the 
smallest percentage change (-6.6% [95% UI: -10.9, -1.4]). Similarly, Afghanistan (14.6 [95% UI: 11.4, 17.6]) and 
Somalia (4.5 [95% UI: 3.5, 5.5]) had the highest and lowest age-standardized prevalence of AEMT among the 
EMR countries, respectively. All countries in the region showed an overall negative trend in age-standardized 
prevalence from 1990 to 2021, except Pakistan (11.8% [95% UI: 5.8, 17.2]), the only country to report a positive 
percentage change. Iran (-42.7% [95% UI: -44.5, -41.0]) experienced the largest overall decrease, while Somalia 
(-6.6% [95% UI: -10.9, -1.4]) had the smallest decrease over this period. In 2021, the age-standardized DALY 
rate across the EMR countries ranged from the highest in Afghanistan (235.6 [95% UI: 160.3, 326.8] per 100,000 
population) to the lowest in Jordan (15.8 [95% UI: 12.8, 19.2] per 100,000 population). Similarly, the highest and 
lowest age-standardized death rates in 2021 were observed in Afghanistan (5.5 [95% UI: 3.7, 7.8] per 100,000 
population) and Jordan (0.4 [95% UI: 0.3, 0.5] per 100,000 population), respectively. From 1990 to 2021, all 
EMR countries showed a decreasing trend in both DALY and death rates due to AEMT. The greatest decreases 
in age-standardized DALY and death rates during this period were in Kuwait (-83.1% [95% UI: -85.9, -80.0] and 
− 80.9% [95% UI: -84.7, -76.9], respectively). In contrast, the smallest reductions in age-standardized DALY rates 
were observed in Somalia, with a change of -27.2% [95% UI: -50.1, 2.6], which was not statistically significant. 
Pakistan experienced a similar reduction of -27.5% (95% UI: -46.8, -7.4) in age-standardized DALY rates. 
Furthermore, Somalia recorded the smallest decrease in the age-standardized death rate at -17.2% (95% UI: – 
40.4, 6.2), which also was not statistically significant (Fig. 1, Table S2, and Figure S1).

In 1990, Afghanistan, the United Arab Emirates (UAE), and Iran had the highest age-standardized incidence 
rate and point prevalence of AEMT among both sexes in the EMR. In 2021, Afghanistan and the UAE remained 
among the top three countries with the region’s highest incidence and prevalence rates. Afghanistan, the UAE, 
and Lebanon were the countries with the highest age-standardized DALY and death rates in 1990. By 2021, 
Afghanistan still had the highest estimated age-standardized DALY and death rates due to AEMT among the 
EMR countries (Table S2, Fig. 2, and Figure S1).
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Epidemiology of AEMT by age and sex
In 2021, incident and prevalent cases of AEMT among females in the EMR were highest in the age groups of 35 
to 44. Among males, the highest number of incident and prevalent cases occurred between ages 10 and 39, with 
the highest being in the 35–39 age group (Fig. 3A1 and Fig. 3B1). Incidence and prevalence rates increased with 
age in both males and females, the highest at 50–54 years in females and 65–69 years in males for incidence, 
and at 45–69 years in females and 60–69 years in males for prevalence, followed by a slight decline in older age 
groups (Fig. 3A2 and Fig. 3B2).

The highest number of DALYs and deaths due to AEMT in the EMR was observed in early childhood (ages 
0–4) for both males and females (Fig. 3C1 and Fig. 3D1). After the age group of 0–4 years, DALY and death rates 
decreased among those aged 5–9 years. This was followed by a slight increase in rates that plateaued until mid-
age, then rose again, being the largest in the 95 + age group (Fig. 3C2 and Fig. 3D2). Across most age groups, 
females had slightly higher numbers of DALYs and deaths due to AEMT than males, except in the 5-9-year age 
group (Fig. 3C1 and Fig. 3D1).

In most countries, incidence and prevalence rates rose with age, being the largest in middle-aged groups, 
followed by a plateau or slight decrease before increasing again in the elderly. Females generally exhibited higher 
rates, particularly in middle-aged and elderly groups (Fig. 4A and B). Similarly, DALY and death rates increased 
with age for both sexes, with the burden of AEMT becoming particularly significant in early childhood and older 
populations for DALY and among elderly individuals for death. In many countries, males and females followed 
similar patterns across age groups, with sex differences becoming more evident in the elderly (Fig. 4C and D).

In 2021, age-standardized incidence rates of AEMT were higher among females globally, regionally in the 
EMR, and across all EMR countries, with Afghan females having the highest age-standardized incidence rate 
among all locations and sexes (Figure S2). The largest decrease in incidence rates from 1990 to 2021 was observed 
in Iranian males (Figure S3). Similarly, in 2021, females had higher age-standardized point prevalence globally, 
in the EMR, and across all 22 EMR countries. Afghan females had the highest age-standardized point prevalence 
among all locations and sexes (Figure S4). Iranian males experienced the largest decrease in age-standardized 
point prevalence of AEMT from 1990 to 2021 (Figure S5).

Globally and in the EMR, females had higher age-standardized DALY rates in 2021. Among the 22 EMR 
countries, Afghan females had the highest age-standardized DALY rate (Figure S6). The greatest differences in 
percentage change of DALY rates between males and females from 1990 to 2021 were recorded in the UAE and 
Egypt, where males in the UAE and females in Egypt experienced larger decreases compared to their opposite 
sex (Figure S7).

In 2021, the age-standardized death rate was higher among males globally, while females had higher rates in 
the EMR. Among females, the highest age-standardized death rates were observed in Afghanistan, the UAE, and 

Fig. 1.  Heat maps illustrate prevalent cases, incident cases, deaths, and disability-adjusted life years (DALYs), 
along with their age-standardized rates per 100,000 population, due to adverse effects of medical treatments 
(AEMT) in 2021 for both sexes in the Eastern Mediterranean Region (EMR). (Generated from data available 
from http://ghdx.healthdata.org/gbd-results-tool).
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Pakistan (Figure S8). Differences in the percentage change of death rates from 1990 to 2021 were noted between 
males in the UAE and females in Egypt, with larger decreases than the opposite sex (Figure S9).

Associations between SDI and incidence and DALY rates of AEMT
We observed a general positive association between the SDI and the age-standardized incidence rate of AEMT 
among EMR countries, indicating that as SDI increased, the expected age-standardized incidence rate tended 
to rise to an SDI of 0.3, followed by a slight decline and then an increase again at higher SDI levels. Given their 
SDI level, countries such as Afghanistan, Kuwait, and Yemen had a higher age-standardized incidence rate than 
expected. On the other hand, countries like Pakistan and Djibouti had lower-than-expected age-standardized 
incidence rates for their given SDI (Fig. 5A). There was a predicted difference in incidence across the SDI range 
of 0.2 to 0.8 of − 47.5, with estimates from alternative ranges and model settings varying from 9.4 to 54.0 (Figure 
S10A and Table S3).

There was an overall negative association between SDI and the age-standardized DALY rates due to AEMT 
among EMR countries (Fig.  5B). Countries such as Afghanistan, Lebanon, and the UAE had higher age-
standardized DALY rates than expected, given their SDI. In contrast, countries such as Palestine, Jordan, and 
Oman showed lower-than-expected age-standardized DALY rates based on their level of development (Fig. 5B). 
Effect estimates for the SDI and DALY association ranged from − 266.0 to -136.0 across models, consistently 
indicating a negative association. Sensitivity analysis using narrower SDI ranges and reduced model flexibility 
confirmed the consistency of these directional associations (Figure S10B and Table S3).

Fig. 2.  Ranking of age-standardized rates for incidence (A), prevalence (B), DALY (C), and death (D) of 
adverse effects of medical treatment (AEMT) per 100,000 population for both sexes in 1990 and 2021 in the 
Eastern Mediterranean Region (EMR), by country. DALY: disability-adjusted life year. (Generated from data 
available from http://ghdx.healthdata.org/gbd-results-tool).
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Discussion
This study examined the epidemiology and burden of AEMT across ages, sexes, and SDI within the EMR at 
both regional and country levels from 1990 to 2021. The main findings of this study indicated that the incidence, 
prevalence, DALY and death rates of AEMT were notably high in the EMR, with a decline observed from 1990 
to 2021. In 2021, females, early childhood populations, and the elderly generally experienced higher DALY and 
death rates due to AEMT in the EMR.

Findings indicated that while the EMR had a lower age-standardized rate of incidence and prevalence 
of AEMT than the global average, it had a higher DALY and death rates due to AEMT. Despite a general 
decline in AEMT burden in the EMR from 1990 to 2021, AEMT remains a significant healthcare challenge, 
particularly in developing countries, where socioeconomic and healthcare quality disparities exist7. In 2021, 
DALY and death rates within the EMR ranged from 15.8 to 235.6 and 0.4 to 5.5 per 100,000, respectively, with 
Afghanistan experiencing the highest rates of AEMT incidence, DALY and death. Contributing factors likely 
include income level, education, and quality of the healthcare system. Most DALYs and deaths associated with 
AEMT are concentrated in low and middle-income countries. Among the 22 countries in the EMR, Iran and 
Kuwait showed the largest decreases in AEMT incidence and death rates from 1990 to 2021, respectively. This 
decline in age-standardized incidence rates of AEMT in Iran might be attributed to overall healthcare access and 
quality improvements. However, a systematic review of medical errors in Iran suggested that the lower reported 
occurrence rate may be due to underreporting, highlighting the need for improvements in AEMT reporting 
practices19. In general, enhancing healthcare staff training, promoting a culture of patient safety, and developing 
standardized AEMT reporting practices could reduce medical errors and improve healthcare quality in diverse 
settings20,21.

The significant variations across the AEMT burden in the EMR countries reflect greater variation in 
healthcare systems’ performance, safety culture, and policy implementation. In certain EMR countries, promising 
interventions have already been implemented to improve patient safety. The WHO Patient Safety Friendly 
Hospital Initiative (PSFHI) programs were introduced in several countries across the region. Among them, 
Oman had the most successful pilot, which was implemented in both government and private hospitals. PSFHI 

Fig. 3.  Number of incident cases (A1) and incidence rate (A2), number of prevalent cases (B1) and prevalence 
rate (B2), number of DALYs (C1) and DALY rate (C2), and the number of deaths (D1) and death rate (D2) for 
adverse effects of medical treatment (AEMT) (per 100,000 population) in the Eastern Mediterranean Region 
(EMR) in 2021, by age and sex. Error bars on the bar plots and shaded areas on the line plots represent 95% 
uncertainty intervals for numbers and rates, respectively. DALY: disability-adjusted life year. (Generated from 
data available from http://ghdx.healthdata.org/gbd-results-tool).
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addresses patient safety across five key domains: leadership and management, patient and public involvement, 
safe evidence-based clinical practices, a safe environment, and continuous learning22. Qatar is another country in 
the EMR that has demonstrated a significant commitment to patient safety through creating a national strategy, 
significant government investment, collaboration with international organizations, and meeting international 
safety standards. Advanced pharmacovigilance practices in Qatar include a centralized electronic reporting 
system, compulsory education for health professionals, and regular medication safety recommendations23. Iran 
has also implemented national patient safety plans in collaboration with the WHO and introduced mandatory 
patient safety standards within its national hospital accreditation program24. On the other hand, challenges 
such as limited resources, political instability, ineffective leadership, absence of national-level regulations, 
and inadequate access to major healthcare services indicate differences between different jurisdictions in the 
EMR25. In settings of extreme adversity, such as Syria, Yemen, Iraq, Libya, Palestine, Afghanistan, and, indirectly, 
Lebanon, where countries are experiencing various degrees of emergencies, the primary focus of healthcare 
systems shifts to saving lives rather than ensuring the quality of care and patient safety4.

There was a notable sex-related disparity in incidence, prevalence, DALYs, and deaths due to AEMT, both 
regionally and in most countries within the EMR. Females may have been more susceptible to AEMT, had a 
higher likelihood of surgical complications, and experienced medical errors more frequently. Sex disparities 
in adverse drug events are related to various biological, psychological, and social factors, including differences 
in the pharmacokinetics and pharmacodynamics of drugs, hormonal variations, pregnancy, and sex-based 
differences in AEMT reporting26–28.

We observed that middle-aged adults in most EMR countries had higher incidence and prevalence rates 
of AEMT. However, GBD 2019 data indicated that the AEMT incidence rate was higher among older adults 
globally2. A retrospective review of medical records found that the risk of AEMT increased with the number 
of comorbidities and use of medical devices rather than being intrinsic to age29. The occurrence of medical 
errors among working-age adults could impact their productivity and indirectly lead to an economic burden on 
individuals and society.

In the EMR, early childhood (0–4 years) and elderly adults (65 + years) experienced a higher burden 
of DALYs and deaths due to AEMT. Global age-specific death rates from GBD 2017 data demonstrated a 
bimodal increase in the 0–1 year age group and among those 65 years and older30. Due to AEMT, DALY was 
highest across all WHO regions in the first years of life5. These age groups are particularly vulnerable to severe 
outcomes from AEMT. Younger children and infants are more susceptible to medical errors due to their unique 
physiological and developmental characteristics31. Additionally, children are at higher risk for medication errors 
due to pharmacological factors, the risk of overdosing, and the need for precise dose calculations32. A systematic 
review by Alsabri et al. indicated that most reported medication errors in pediatric emergency departments are 

Fig. 3.  (continued)
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related to dosing errors. They recommended interventions such as electronic medical alert systems, structured 
ordering systems, accurate weight assessment for pediatric patients, and healthcare professional training in 
weight-based dosage calculations as effective strategies to reduce medication errors33. In older adults, Long 
et al. highlighted factors such as clinical complexity, comorbidities, reduced functional ability, and lower 

Fig. 4.  Incidence rate (A), prevalence rate (B), disability-adjusted life years (DALY) rate (C), and death rate 
(D) for adverse effects of medical treatment (AEMT) per 100,000 population in selected countries of the 
Eastern Mediterranean Region (EMR) in 2021, categorized by location, age, and sex. DALY: disability-adjusted 
life year. (Generated from data available from http://ghdx.healthdata.org/gbd-results-tool).
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quality of care contributing to a higher incidence of adverse medical events. Such adverse events often lead to 
unnecessary interventions, complications, and extended hospital stays for older patients34. Recommendations to 
reduce medical errors in the elderly include establishing dedicated geriatric units in clinical settings, enhancing 
continuity of care to improve healthcare professionals’ access to patient medical information, and reducing 
adverse drug events35. Additional strategies to minimize medication errors and AEMT in the elderly involve 
implementing computerized physician order entry, forming committees to review reported errors and determine 
causality, and double-checking orders by nurses or pharmacists36.

Fig. 4.  (continued)
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We found a positive association between the age-standardized incidence rate of AEMT and the socio-
demographic conditions of countries. Generally, the age-standardized incidence rate of AEMT increased 
with SDI, and countries with relatively higher SDI were expected to have higher incidence rates of AEMT. 
The GBD 2019 findings indicated that the high SDI quintile had significantly higher and increasing incidence 
rates compared to lower SDI regions2. However, our findings showed a more complex relationship, suggesting 
that factors beyond SDI, such as differences in healthcare access, AEMT reporting systems, and variations in 

Fig. 5.  Age-standardized incidence rates (A) and age-standardized DALY rates (B) of adverse effects of 
medical treatments (AEMT) per 100,000 population for countries in the Eastern Mediterranean Region 
(EMR), categorized by SDI from 1990 to 2021. The black line represents the expected values based on SDI and 
rates across all locations, with the grey area indicating 95% confidence intervals from spline regression. The 
blue line represents the GAM fit, complementing the LOESS fit shown by the black line. Each point indicates 
each country’s age-standardized rate per 100,000 population from 1990 to 2021. DALY: disability-adjusted life 
year. SDI: socio-demographic index. GAM: generalized additive model. LOESS: locally estimated scatterplot 
smoothing.  (Generated from data available from http://ghdx.healthdata.org/gbd-results-tool).
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healthcare policies, might influence the incidence rates of AEMT across EMR countries. Potential residual 
confounding and reverse causality should be considered when interpreting these associations. Additionally, we 
observed a negative association between SDI and the age-standardized DALY rate of AEMT, indicating that 
countries with higher SDI, benefiting from better socioeconomic and healthcare conditions, experience lower 
DALY rates in the EMR. Prior GBD 2019 findings showed that death and DALY rates of AEMT were lower in 
countries with higher SDI and are expected to continue decreasing globally3. This suggests that while high-
SDI countries experienced more AEMT incidents, they managed these events more effectively. This could be 
related to multiple factors, including developed countries’ patient safety culture, standardized medical error 
reporting systems, and better healthcare infrastructure to address and manage severe AEMT. A review of safety 
culture in developing countries reported that patient safety culture and practices are generally lower than those 
in developed regions37. By contrast, developed countries have systematic methods to detect, document, and 
track medical errors, facilitating learning from errors and helping reduce the incidence and harmful effects of 
AEMT38.

While the region has progressed in patient safety, our findings reveal persistent deficits in healthcare policy 
and system performance in the EMR countries. The considerable disparities in the AEMT burden, and especially 
the higher DALY and death rates in lower SDI countries, underscore the urgent need for more comprehensive 
and context-specific interventions. Despite promising initiatives like the PSFHI in Oman and pharmacovigilance 
systems in Qatar, many countries still lack standardized AEMT reporting mechanisms, national patient safety 
strategies, and sustained investment in healthcare quality. Internationally, systems such as the UK’s National 
Reporting and Learning System (NRLS) and the US Agency for Healthcare Research and Quality (AHRQ) 
offer important lessons39,40. These systems have emphasized non-punitive reporting, continuous learning, 
and evidence-based methods for promoting safety improvement. These successful practices can be applied to 
the EMR setting. Based on these findings, we recommend that EMR countries strengthen their health system 
infrastructure by stratified policy interventions based on feasibility and tailored to the country’s context. 
Interventions for middle-income countries with stable situations include 1) developing national patient safety 
strategies aligned with WHO guidance and local needs, 2)  implementing digital, standardized reporting 
systems to capture AEMT events and support continuous learning, 3) investing in workforce training on safety 
culture, error prevention, and root cause analysis, 4) enhancing patient engagement and feedback mechanisms, 
and prioritizing high-risk populations, including children and the elderly, through targeted interventions. 
Interventions for fragile and conflict-affected countries and countries with limited resources include providing 
basic patient safety training for the healthcare workforce adapted to resource constraints, 2) developing simple 
or paper-based reporting mechanisms appropriate to their settings, 3)  fostering international collaboration 
programs supporting the incorporation of patient safety principles, 4)  integrating patient safety priorities 
within emergencies, and promoting safety culture among people. Translating these interventions to the specific 
challenges and resources of each country, especially those within conflict or resource-limited environments, will 
be essential to eradicating the burden of AEMT and strengthening the overall healthcare profile of the region.

Strengths and limitations
Our findings on the epidemiology and burden of AEMT have important implications for enhancing the safety 
and quality of medical care, particularly in the EMR countries. By utilizing secondary analysis of the latest 
GBD data, we provided a more comprehensive quantification of the burden of AEMT regionally and at the 
country level in the EMR. Considering the heterogeneity of education, healthcare systems, and economic levels 
among the EMR countries, we investigated the association of SDI with the incidence and DALY rates of AEMT. 
Additionally, our analysis examined the contribution of age and sex to the epidemiology of AEMT.

The research methodology of our study has some limitations that should be considered when interpreting the 
findings. Many low and middle-income countries in our study lack original data on AEMT, leading to reliance 
on estimation models rather than reported data. For example, primary data on AEMT were unavailable for 
nine EMR countries, such as Afghanistan, Somalia, and Yemen, and were only partially available for others. 
This reliance could contribute to potential bias and higher uncertainty in the results of AEMT epidemiology. 
Reliance on GBD modelling in countries with limited or no primary data on AEMT may reduce the accuracy 
of estimates, particularly in fragile or conflict-affected settings. Therefore, strengthening local surveillance and 
standardized reporting systems across the EMR countries is essential to improve data quality and ensure that 
future patient safety policies are based on context-specific evidence. Additionally, our study analyzed the overall 
burden of AEMT. Still, due to limited GBD data on specific types of AEMT, we could not evaluate the burden 
of different medical errors (e.g., medication errors, postoperative infections, and technical complications) in the 
EMR countries. Future studies analyzing the burden of various types of AEMT are necessary to address these 
concerns. Furthermore, AEMT has significant financial burdens on healthcare systems, yet our study did not 
capture the direct and indirect costs associated with AEMT across the EMR countries. We recommend further 
investigation into the economic impact of AEMT in this region. Finally, potential residual confounding and 
reverse causality should be considered when interpreting the association between SDI and AEMT burden, as 
unmeasured differences may influence the observed relationships in healthcare systems, access, or reporting 
practices rather than actual causal effects.

Conclusions
Although the incidence, prevalence, DALY, and death rates due to AEMT have declined from 1990 to 2021 in 
the EMR, the age-standardized DALY and death rates remain higher compared to global figures, particularly 
among vulnerable populations, including early childhood, the elderly, and females. These findings highlight 
the necessity for targeted health policy interventions. Key recommendations can include the implementation 
of comprehensive training programs, the establishment of robust AEMT reporting systems, the promotion of a 
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safety culture within healthcare settings, and efforts to enhance overall healthcare outcomes. Such measures are 
essential to prevent the occurrence of AEMT in the EMR countries. Furthermore, future studies are recommended 
to investigate the burden of various types of medical errors using originally reported data, especially in low and 
middle-income countries within the EMR.

Data availability
The data used for these analyses are all publicly available at https://vizhub.healthdata.org/gbd-results/.

Received: 17 November 2024; Accepted: 1 September 2025

References
	 1.	 Brennan, T. A. et al. Incidence of adverse events and negligence in hospitalized patients: results of the Harvard medical practice 

study I. N. Engl. J. Med. 324 (6), 370–376 (1991).
	 2.	 Lin, L. Global, Regional and National time Trends in Incidence of Adverse Effects of Medical Treatment, 1990–2019: an age–period–

cohort Analysis from the Global Burden of Disease 2019 Study (BMJ Quality & Safety, 2024).
	 3.	 Kong, X. et al. Global trends and partial forecast of adverse effects of medical treatment from 1990 to 2019: an epidemiological 

analysis based on the global burden of disease study 2019. BMC Public. Health. 24 (1), 295 (2024).
	 4.	 Letaief, M. et al. Quality of health care and patient safety in extreme adversity settings in the Eastern mediterranean region: A 

qualitative multicountry assessment. East. Mediterr. Health J. 27 (2), 167–176 (2021).
	 5.	 Khan, M. A. et al. Global trends and forecast of the burden of adverse effects of medical treatment: epidemiological analysis based 

on the global burden of disease study. Cureus ;12(3). (2020).
	 6.	 Donaldson, L. J., Kelley, E. T., Dhingra-Kumar, N., Kieny, M-P. & Sheikh, A. Medication without harm: who’s third global patient 

safety challenge. Lancet 389 (10080), 1680–1681 (2017).
	 7.	 Wilson, R. M. et al. Patient safety in developing countries: retrospective Estimation of scale and nature of harm to patients in 

hospital. BMJ 344, e832 (2012).
	 8.	 Formica, D. et al. The economic burden of preventable adverse drug reactions: a systematic review of observational studies. Exp. 

Opin. Drug Saf. 17 (7), 681–695 (2018).
	 9.	 Haagsma, J. A. et al. The global burden of injury: incidence, mortality, disability-adjusted life years and time trends from the global 

burden of disease study 2013. Inj. Prev. 22 (1), 3–18 (2016).
	10.	 Lin, S. et al. Global trends in pharmacovigilance-related events: a 30-year analysis from the 2019 global burden of disease study. 

Int. J. Clin. Pharm. :1–15. (2024).
	11.	 Kamath, A. & Acharya, S. D. Burden of death and disability due to adverse effects of medical treatment in india: an analysis using 

the global burden of disease 2019 study data. Heliyon ;10(2). (2024).
	12.	 Sunshine, J. E. et al. Association of adverse effects of medical treatment with mortality in the united states: a secondary analysis of 

the global burden of diseases, injuries, and risk factors study. JAMA Netw. Open. 2 (1), e187041–e (2019).
	13.	 Shin, E., Leibovitch, E., Nishimura, Y. & Bhagavathula, A. S. Long-term trends in mortality from adverse effects of medical 

treatment in older populations in the united States from 1990 to 2019. J. Am. Pharmacists Assoc.. 64 (1), 55–61 (2024).
	14.	 Fujiwara, S. et al. Trends in Adverse Effects of Medical Treatment in Paediatric Populations in the United States: A Global Burden of 

Disease Study, 2000–2019 (Paediatric and Perinatal Epidemiology, 2024).
	15.	 Leppäniemi, H. et al. Nutrition profile for countries of the Eastern mediterranean region with different income levels: an analytical 

review. Children 10 (2), 236 (2023).
	16.	 Ferrari, A. J. et al. Global incidence, prevalence, years lived with disability (YLDs), disability-adjusted life-years (DALYs), and 

healthy life expectancy (HALE) for 371 diseases and injuries in 204 countries and territories and 811 subnational locations, 1990–
2021: a systematic analysis for the global burden of disease study 2021. Lancet 403 (10440), 2133–2161 (2024).

	17.	 Naghavi, M. et al. Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 
subnational locations, 1990–2021: a systematic analysis for the global burden of disease study 2021. Lancet 403 (10440), 2100–2132 
(2024).

	18.	 Wang, Y. Smoothing Splines: Methods and Applications (CRC, 2011).
	19.	 Mosadeghrad, A. M., Isfahani, P. & Yousefinezhadi, T. Medical errors in Iranian hospitals: systematic review. Tehran Univ. Med. J. 

78 (4), 239–247 (2020).
	20.	 Al-Assaf, A. F., Bumpus, L. J., Carter, D. & Dixon, S. B. Preventing errors in healthcare: a call for action. Hosp. Top. 81 (3), 5–12 

(2003).
	21.	 Bashir, H. et al. Practices used to improve patient safety culture among healthcare professionals in a tertiary care hospital. Glob J. 

Qual. Saf. Healthc. 7 (1), 9–14 (2024).
	22.	 Al-Mandhari, A. et al. Developing patient safety system using WHO tool in hospitals in Oman. Int. J. Qual. Health Care. 30 (6), 

423–428 (2018).
	23.	 Al Hail, M. et al. Overview of pharmacovigilance practices at the largest academic healthcare system in the state of Qatar. Int. J. 

Clin. Pharm. 40, 769–774 (2018).
	24.	 Maher, A. et al. Developing strategies for patient safety implementation: a National study in Iran. Int. J. Health Care Qual. Assur. 32 

(8), 1113–1131 (2019).
	25.	 O’Brien, N. et al. Regional perspectives on patient safety policies and initiatives: a focus group study with patient safety leaders in 

the middle East and Asian regions. BMJ Open. Qual. 13 (Suppl 2), e002573 (2024).
	26.	 Zucker, I. & Prendergast, B. J. Sex differences in pharmacokinetics predict adverse drug reactions in women. Biol. Sex. Differ. 11 

(1), 32 (2020).
	27.	 Lee, K. M. N. et al. A gender hypothesis of sex disparities in adverse drug events. Soc. Sci. Med. ;339. (2023).
	28.	 Silke, F. et al. Cost-effectiveness of interventions for HIV/AIDS, malaria, syphilis, and tuberculosis in 128 countries: a meta-

regression analysis. Lancet Glob. Health. 12 (7), e1159–e73 (2024).
	29.	 Aranaz-Andrés, J. M. et al. What makes hospitalized patients more vulnerable and increases their risk of experiencing an adverse 

event? Int. J. Qual. Health Care. 23 (6), 705–712 (2011).
	30.	 Nauman, J. et al. Global incidence and mortality trends due to adverse effects of medical treatment, 1990–2017: A systematic 

analysis from the global burden of diseases, injuries and risk factors study. Cureus 12 (3), e7265 (2020).
	31.	 Fisher, E. S. Patient Safety in Pediatrics. Patient Safety (2014).
	32.	 Gois Paixao, M. J. Interventions for reducing medication errors in children in hospitals. Clin. Nurse Spec. 31 (2), 77–78 (2017).
	33.	 Alsabri, M. et al. Medication errors in pediatric emergency departments: A systematic review and recommendations for enhancing 

medication safety. Pediatr. Emerg. Care. 40 (1), 58–67 (2024).
	34.	 Long, S. J., Brown, K. F., Ames, D. & Vincent, C. What is known about adverse events in older medical hospital inpatients? A 

systematic review of the literature. Int. J. Qual. Health Care. 25 (5), 542–554 (2013).

Scientific Reports |        (2025) 15:33232 12| https://doi.org/10.1038/s41598-025-18289-z

www.nature.com/scientificreports/

https://vizhub.healthdata.org/gbd-results
http://www.nature.com/scientificreports


	35.	 Tsilimingras, D., Rosen, A. K., Berlowitz, D. R., Review & Article Patient safety in geriatrics: A call for action. J. Gerontol.. 58 (9), 
M813–M9 (2003).

	36.	 Hodgkinson, B., Koch, S., Nay, R. & Nichols, K. Strategies to reduce medication errors with reference to older adults. Int. J. Evid. 
Based Healthc. 4 (1), 2–41 (2006).

	37.	 Sarfo, J. O., Ocloo, J. E. Y., Ansah, E. W. & Amoadu, M. Safety culture and patient safety outcomes in developing countries: A 
narrative review. Integr. Health Res. J. 1 (2), 43–53 (2023).

	38.	 Radwan, M. A. Disclosing adverse events in healthcare: Understanding the gap between knowledge and practice in developing 
countries. Glob J. Qual. Saf. Healthc. 5 (4), 82–83 (2022).

	39.	 Scobie, S. & Thomson, R. The UK experience: the National patient safety agencyís patient safety observatory. Italian J. Public. 
Health. 2, 3–4 (2005).

	40.	 Meyer, G. S., Battles, J., Hart, J. C. & Tang, N. The US agency for healthcare research and quality’s activities in patient safety 
research. Int. J. Qual. Health Care. 15 (suppl_1), i25–i30 (2003).

Acknowledgements
We thank the Institute for Health Metrics and Evaluation staff and collaborators who prepared these publicly 
available data. In addition, we would also like to acknowledge the support of the Kerman University of Medical 
Sciences, Kerman, Iran.

Author contributions
AK, PD, SAN, and HS designed the study. AK and SAN analyzed the data and performed statistical analyses. AK, 
PD, BM, SAN, and HS drafted the initial manuscript. AK, PD, BM, SAN, and HS critically edited and revised 
the initial draft. HS supervised the project. All authors reviewed the drafted manuscript for critical content and 
approved the final version.

Funding
The Bill and Melinda Gates Foundation, which did not contribute to the preparation of this manuscript, funded 
the GBD study. The Kerman University of Medical Sciences, Kerman, Iran (Grant No. 403000669) supported 
the study.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval
The ethics committee of Kerman University of Medical Sciences, Kerman, Iran, approved the study (ethics 
code: IR.KMU.REC.1403.503).

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​1​8​2​8​9​-​z​​​​​.​​

Correspondence and requests for materials should be addressed to P.D. or S.A.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:33232 13| https://doi.org/10.1038/s41598-025-18289-z

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-18289-z
https://doi.org/10.1038/s41598-025-18289-z
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿The epidemiology and socioeconomic associates of adverse effects of medical treatment in the Eastern Mediterranean Region from 1990 to 2021
	﻿Methods
	﻿Overview
	﻿Data sources and definition
	﻿Data processing and modelling
	﻿Statistical analysis

	﻿Results
	﻿Epidemiology of AEMT at the global, regional, and country levels
	﻿Epidemiology of AEMT by age and sex
	﻿Associations between SDI and incidence and DALY rates of AEMT

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


