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Background: Non-carbon monoxide (non-CO) poisoning remains a significant
global public health issue, contributing to considerable morbidity and mortality.
However, there is a lack of comprehensive analysis regarding the global burden
and trends of non-CO poisoning.

Methods: Data from the Global Burden of Disease (GBD) 2021 study were used
to assess the global, regional, and national prevalence, mortality, and disability-
adjusted life years (DALYs) associated with non-CO poisoning from 1990 to 2021.
Descriptive statistical methods were applied to assess global, regional, and national
trends in non-CO poisoning burden, with estimates of prevalence, mortality, and
DALYs. Smoothing splines models were used to examine the relationship between
non-CQO poisoning burden and the Socio-Demographic Index (SDI).

Results: In 2021, global non-CO poisoning accounted for 3.58 million prevalent
cases (ASPR: 43.34/100,000), 27.26 thousand deaths (ASDR: 0.35/100,000), and
1.65 million DALYs (ASR: 21.72/100,000), with respective declines of 43.9, 38.9,
and 43.5% since 1990. The burden of non-CO poisoning varies significantly
across countries and regions, overall, the burden of non-CO poisoning shows
a negative correlation with the SDI, with regions and countries with lower SDI
values experiencing higher rates of poisoning-related harm. Children under
5 years old and the older adult bear a higher disease burden, with males generally
experiencing higher disease burden than females.

Conclusion: Although the global burden of non-CO poisoning has decreased,
low- and middle-income countries (LMICs), especially those with lower SDI,
continue to experience a disproportionately high burden. Future research
should focus on agent-specific epidemiology, improving data collection in
LMICs, and examining the impact of agricultural and environmental exposures.
Targeted interventions for vulnerable populations, such as children and the older
adult, as well as the integration of mental health considerations into prevention
strategies, are essential for reducing the global burden.
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Introduction

Poisoning is a significant global public health issue, contributing
to substantial morbidity and mortality across all age groups. It is
defined as the unintentional exposure to a non-infectious substance
through inhalation, ingestion, injection, or absorption, leading to
physiological dysfunction or death (1, 2). According to the Global
Burden of Disease (GBD) cause classification, poisoning is categorized
into carbon monoxide (CO) poisoning and non-carbon monoxide
(non-CO) poisoning. CO poisoning has been extensively studied, with
regulatory measures such as ventilation improvements, mandatory
CO alarms, and public health campaigns effectively reducing
CO-related mortality (3, 4). In contrast, non-CO poisoning remains
less systematically investigated despite its substantial burden and
complex etiology.

Non-CO poisoning results from exposure to industrial chemicals,
pesticides, pharmaceuticals, household toxins, heavy metals, solvents,
agrochemicals, and other toxic substances, each with varying
toxicokinetics and health outcomes (5-7). Despite progress in
reducing the burden of CO poisoning, non-CO poisoning continues
to pose a significant health threat, particularly in low- and middle-
income countries (LMICs) (6, 8, 9). In India, pesticide poisoning
remains one of the leading causes of poisoning-related mortality,
disproportionately affecting rural agricultural communities due to
limited healthcare access and regulatory oversight (10). In contrast, in
high-income countries, non-CO poisoning patterns are more
commonly associated with pharmaceutical overdoses and chronic
exposure to environmental contaminants (11-13). For instance, in
Europe, cadmium exposure has been strongly linked to chronic
kidney disease and osteoporosis, with Poland and Czechia reporting
the highest disease burden (14). Furthermore, exposure to
perfluorooctanoic acid in Spain has been associated with an increased
prevalence of hypertension. In Australia, pharmaceutical opioid
overdoses have surpassed heroin-related mortality, with deaths
increasing from 21.9 to 36.2 per million population between 2001 and
2012 (15). While regulatory measures and medical advancements have
mitigated poisoning-related burdens in some regions, substantial
disparities persist. Certain areas continue to experience high
poisoning rates due to occupational exposures, inadequate chemical
safety measures, and limited access to emergency toxicological care (9,
14, 16). Existing research on non-CO poisoning primarily focused on
specific countries or regions, resulting in fragmented and localized
data, while a comprehensive global assessment remains lacking.

This study aims to conduct a comprehensive assessment of
non-CO poisoning burden across 204 countries and territories from
1990 to 2021, utilizing GBD 2021 data. The analysis will explore
temporal trends, regional differences, and the relationship between
poisoning burden and the Socio-Demographic Index (SDI) to

Abbreviations: CO, Carbon monoxide; non-CO, Non-carbon monoxide; GBD,
Global Burden of Disease; DALYs, Disability-Adjusted Life Years; DALY, Disability-
Adjusted Life Year; LMICs, Low- and Middle-Income Countries; ASPR,
Age-Standardized Prevalence Rate; ASDR, Age-Standardized Death Rate; ASR,
Age-Standardized Rate; Ul, Uncertainty Intervals; SDI, Socio-Demographic Index;
ICD, International Classification of Diseases; YLLs, Years of Life Lost; YLDs, Years
Lived with Disability; IHME, Institute for Health Metrics and Evaluation; Cl,

Confidence Interval.
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generate epidemiological evidence for targeted policy interventions
and improved global regulatory measures (17, 18). A comprehensive
understanding of these patterns is crucial for guiding public health
strategies to enhance poisoning surveillance, improve emergency
response systems, and strengthen regulatory control over
hazardous substances.

Methods
Study design and data source

This study is based on the GBD 2021 estimates, which provide
standardized epidemiological assessments across 204 countries and
territories from 1990 to 2021. The GBD database, maintained by the
Institute for Health Metrics and Evaluation (IHME), systematically
compiles data from multiple sources, including vital registration
systems, hospital records, household surveys, and disease registries, to
generate globally comparable estimates of disease burden (19).
Non-CO poisoning mortality and population data were obtained from
the GBD 2021 database, stratified by age, sex, year, country, and
region. These data are publicly accessible via IHME's web-based tools,'
ensuring transparency and reproducibility. All datasets are freely
available through the Global Health Data Exchange,” with detailed
documentation on data sources, methodologies, and statistical
modeling in previous reports (20, 21).

Case definition and classification

In the GBD cause classification, poisonings are divided into
Poisoning by carbon monoxide and Poisoning by other means. For
clarity and consistency in analysis, we refer to ‘Poisoning by other
means as non-CO poisoning, as defined in the GBD classification.
Cases were identified based on International Classification of
Diseases (ICD-10 and ICD-9) codes, ensuring consistency across
reporting periods.

Statistical analysis and visualization

Descriptive statistical methods were applied to analyze temporal
trends in the burden of non-CO poisoning from 1990 to 2021, with
estimates of prevalence, mortality, and disability-adjusted life years
(DALYs) stratified by age, sex, country, and region (22). DALY were
computed as the sum of years of life lost (YLLs) due to premature
mortality and years lived with disability (YLDs), following the GBD
standard life table, with YLLs estimated by multiplying the number of
deaths in each age group by the remaining life expectancy at that age.
The association between non-CO poisoning burden (DALYs) and the
Socio-Demographic Index (SDI) was assessed using Smoothing
Splines models (23). Data visualization was conducted using R
software (version 4.3.3), and final figure refinements were performed

1 https://vizhub.healthdata.org/gbd-results/
2 https://ghdx.healthdata.org/gbd-2021/sources
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in Adobe Illustrator (CS5) to ensure clarity and precision. Detailed
methodological principles and computational frameworks are
available in previous studies (21).

Results

Global level

In 2021, there were an estimated 3.58 million (95% uncertainty
interval [UI]: 3.05-4.45) prevalent cases of non-CO poisoning
globally. The age-standardized prevalence rate (ASPR) was 43.34 per
100,000 population, representing a 43.9% decline compared to 1990.
A total of 27,260 deaths (95% UI: 16,621-33,237) were attributed to
non-CO poisoning, with an age-standardized death rate (ASDR) of
0.35 per 100,000, reflecting a 38.9% reduction since 1990. Non-CO
poisoning accounted for 1.65 million DALYs (95% UI: 1.14-2.06),
with an age-standardized disability-adjusted life year (DALY) rate of
21.72 per 100,000 population, indicating a 43.5% decrease from 1990
(Table 1).

Regional level

In 2021, there was significant regional variation in the burden of
non-CO poisoning. Southern Latin America (269.7 per 100,000),
High-income North America (147.2 per 100,000), and Central Europe
(137.97 per 100,000) reported the highest ASPR, while regions such
as South Asia (8.3 per 100,000), North Africa and the Middle East
(15.1 per 100,000), and Central Sub-Saharan Africa (15.5 per 100,000)
had the lowest ASPR.

In terms of death rates, Eastern Sub-Saharan Africa (1.686 per
100,000), Central Sub-Saharan Africa (1.532 per 100,000), and
Southern Sub-Saharan Africa (1.425 per 100,000) exhibited the
highest ASDR from poisoning. In contrast, regions like Western
Europe (0.02 per 100,000), Australasia (0.024 per 100,000), and
Eastern Europe (0.035 per 100,000) reported the lowest ASDR. The
highest Age-standardized rate (ASR) of DALY for poisoning was
found in Southern Sub-Saharan Africa (79.292 per 100,000), Eastern
Sub-Saharan Africa (71.390 per 100,000), and Central Sub-Saharan
Africa (61.926 per 100,000). Conversely, regions such as Tropical Latin
America (4.255 per 100,000), South Asia (6.527 per 100,000), and
Eastern Europe (7.208 per 100,000) exhibited the lowest ASR of DALY
(Table 1).

From 1990 to 2021, significant reductions in the burden of
non-CO poisoning were observed across all regions. The largest
decreases in ASPR occurred in North Africa and the Middle East
(—47.9%), Central Europe (—43.9%), and Eastern Sub-Saharan Africa
(—43.4%), while the smallest reductions were seen in Oceania
(—=12.1%), Australasia (—13.99%), and the Caribbean (—18.7%). In
terms of ASDR, the most significant declines were observed in Central
Europe (—94.6%), Southern Latin America (—91.7%), and Western
Europe (—88.7%), with Southern Sub-Saharan Africa (—19.1%),
Western Sub-Saharan Africa (—32.3%), and Central Sub-Saharan
Africa (—35.0%) experiencing the smallest reductions. For DALYs, the
greatest reductions were found in Central Europe (—75.2%), Andean
Latin America (—74.4%), and North Africa and the Middle East
(=70.5%), while the smallest reductions were observed in Southern
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Sub-Saharan Africa (—20.7%), East Asia (—27.4%), and Oceania
(=36.0%; Table 1).

National level

The burden of non-CO poisoning demonstrated a generally
declining trend across most countries from 1990 to 2021, although
some regions experienced increases. The highest ASPR was reported
in Norway (443.6 per 100,000), Argentina (289.8 per 100,000), and
Chile (231.2 per 100,000), whereas the lowest was recorded in
Bangladesh (7.5 per 100,000), India (7.9 per 100,000), and Bhutan (8.2
per 100,000; Figure 1; Supplementary Table S1). The highest ASDR
were observed in Somalia (3.52 per 100,000), Zimbabwe (2.99 per
100,000), and South Sudan (2.69 per 100,000), while Bermuda
(0.00069 per 100,000), Switzerland (0.00095 per 100,000), and Andorra
(0.00257 per 100,000) reported the lowest ASDR. Regarding ASR of
DALY, the highest were recorded in Jamaica (156.5 per 100,000),
Oman (141.4 per 100,000), and Colombia (124.6 per 100,000), whereas
Venezuela (1.9 per 100,000), Latvia (2.2 per 100,000), and Malaysia
(2.8 per 100,000) had the lowest (Supplementary Table S3).

From 1990 to 2021, trends in the burden of non-CO poisoning
varied markedly by country. Norway (+37.2%), Cuba (+25.7%), and the
Solomon Islands (+7.1%) experienced the greatest increases in ASPR,
while Mongolia (—65.3%), Iran (—64.1%), and Romania (—61.3%)
showed the most substantial decreases. The most significant increases
in ASDR were found in Cabo Verde (+903.7%), Lesotho (+38.5%), and
Chad (+24.0%), in contrast to dramatic reductions in Bermuda
(—99.7%), Puerto Rico (—99.5%), and Croatia (—98.6%). Similarly, the
steepest rises in ASR of DALY occurred in Bahrain (+221.2%), Ghana
(+39.0%), and Iceland (+26.8%), whereas the greatest declines were
seen in Namibia (—94.5%), Egypt (—93.0%), and Nicaragua (—92.9%).

Age and sex patterns

In 2021, the global burden of non-CO poisoning exhibited distinct
age- and sex-related patterns. The age-specific prevalence increased
steadily with age, peaking in the >95 years group. In terms of prevalent
cases, the highest number was observed in the 35-54 years age group,
followed by a gradual decline in older populations. Males had more
prevalent cases across all age groups up to 64 years. However, in older
age groups (>65 years), the number of prevalent cases in females
gradually exceeded that in males (Figure 2).

Regarding death rate, the highest number of deaths was observed
in the <5 years age group, with both sexes showing elevated rates.
Death rate sharply declined in the 5-9 years age group, then
progressively increased with age, peaking in the 85-89 years age
group. While males experienced higher death rates and numbers in
all age groups, female death numbers began to surpass those of males
from the 80-84 years age group onward (Figure 3).

In terms of DALY, the pattern mirrored that of death. The DALY
rate was particularly high in the <5 years age group, reflecting the
severe impact of non-CO poisoning in this age bracket. After this, the
DALY rate sharply declined in the 5-9 years group, then gradually
increased with age, reaching a plateau in older age groups. Regarding
DALY numbers, females in the <5 years group observed higher values
than males, a trend that reversed as age increased, with males showing
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TABLE 1 Prevalent cases, deaths, and disability-adjusted life years (DALYs) for non-carbon monoxide poisoning in 2021, and percentage change in age-standardized rate (ASR) per 100,000, by Global Burden of
Disease region, from 1990 to 2021.

Prevalence ASPR per Percentage Death ASDR per Percentage DALYs ASR of DALY Percentage
Number in 100,000 change in Number in 100,000 (95% change in Number in per 100,000 change in ASR
millions (95%U1) ASPR from thousands (0])] ASDR from thousands (95% UlI) of DALY from
(CEYAL); 1990 to 2021 (95% UI) 1990 to 2021 (95% UI) 1990 to 2021
Global 3.583 43.337 —43.904 27.263 0.345 —38.874 1652.096 21.724 —43.461
(3.046, 4.448) (36.84, 53.724) (—44.561, —43.146) (16.621,33.237) (0.211,0.425) (—62.709, —20.483) | (1139.789,2057.575) (14.935,27.503) (—61.753, —24.279)
High-income Asia 0.297 127.008 —34.583 0.165 0.042 ~86.624 23331 10.933 ~59.088

Pacific

(0.249, 0.373)

(105.972, 160.837)

(—36.066, —32.875)

(0.138, 0.245)

(0.035, 0.068)

(—89.138, =77.9)

(16.709, 31.041)

(7.546, 14.826)

(—65.742, —51.615)

High-income North 0.655 147.188 —31.46 0.205 0.049 —75.147 45.757 11.704 —51.865
America (0.549, 0.796) (122.955, 181.094) (—33.761, —29.437) (0.195, 0.213) (0.047, 0.05) (-76.202, —74.121) (34.406, 59.289) (8.763, 15.204) (—55.342, —49.103)
Western Europe 0.641 126.926 —23.575 0.13 0.02 —88.652 53.306 11.561 —48.429

(0.538,0.787)

(105.462, 156.654)

(—24.909, —22.449)

(0.121, 0.137)

(0.019, 0.021)

(—89.087, —88.148)

(36.427,72.585)

(7.855, 15.952)

(—55.341, —42.721)

Australasia

0.038
(0.031, 0.049)

113.875
(92.68, 146.03)

—13.988
(—16.378, —10.548)

0.01
(0.009, 0.011)

0.024
(0.022, 0.027)

—79.926
(—81.956, —77.781)

3.637
(2.496, 5.062)

11.346
(7.717,15.999)

—36.378
(—44.183, —28.749)

Andean Latin 0.04 60.331 —38.925 0.205 0.314 —75.546 14.261 21.423 —74.421
America (0.033,0.051) (50.463, 76.233) (—40.967, —36.3) (0.161, 0.282) (0.247,0.43) (—81.228, —65.068) (11.599, 18.825) (17.381, 28.246) (=79.507, —65.634)
Tropical Latin 0.069 28.274 —37.65 0.087 0.037 —75.025 9.913 4.255 —66.261

America (0.058, 0.085) (24.05, 35.065) (—39.047, —35.798) (0.082, 0.093) (0.034, 0.039) (—76.849, —72.663) (7.922, 12.048) (3.419, 5.176) (—69.938, —62.413)
Central Latin 0.251 96.659 —32.955 0.554 0.216 —70.776 52.301 20.309 —62.842
America (0.207, 0.324) (79.792, 124.77) (—34.079, —31.547) (0.48, 0.635) (0.187,0.248) (—74.756, —66.667) (43.872, 63.442) (17.013, 24.651) (—66.792, —59.006)
Southern Latin 0.194 269.706 —20.088 0.037 0.049 —91.659 18.087 25.994 —56.848
America (0.16, 0.249) (222.741, 349.398) (—25.427, —17.638) (0.031, 0.043) (0.041, 0.058) (—93.091, —90.001) (12.2,24.886) (17.522, 35.747) (—64.9, —49.653)
Caribbean 0.038 76.566 —18.657 0.099 0.219 —76.886 9.687 21.603 —68.443
(0.032, 0.048) (63.68, 96.518) (—20.974, —16.495) (0.072, 0.158) (0.158, 0.352) (—83.864, —60.266) (7.327,14.011) (16.037, 32.133) (—77.674, —50.491)
Central Europe 0.178 137.968 —43.888 0.07 0.041 —94.564 18.188 14.701 —75.236
(0.141, 0.227) (108.767, 178.383) (—45.953, —41.898) (0.055, 0.11) (0.033, 0.065) (—95.741, —91.32) (12.52, 25.452) (10.035, 20.841) (—80.413, —69.832)
Eastern Europe 0.159 66.526 —43.164 0.082 0.035 —59.467 15.859 7.208 —53.271
(0.128,0.22) (52.886, 91.727) (—46.785, —39.993) (0.075, 0.089) (0.032, 0.037) (—71.164, —48.211) (11.87,20.554) (5.431,9.341) (—58.169, —48.711)
Central Asia 0.072 75.322 —33.824 0.041 0.044 —78.301 8.64 8.99 —58.594

(0.056, 0.093)

(59.129, 97.96)

(—35.96, —31.549)

(0.033, 0.053)

(0.036, 0.057)

(—83.775, =70.624)

(6.483, 11.16)

(6.75, 11.626)

(—65.109, —52.978)

North Africa and 0.092 15.098 —47.9 1.299 0.217 —69.092 87.78 14.005 —70.509

Middle East (0.076, 0.115) (12.471, 18.788) (—49.536, —46.219) (0.691, 1.827) (0.116, 0.304) (—76.616, —57.967) (50.337, 122.186) (8.019, 19.463) (=77.302, —60.356)

South Asia 0.154 8.286 —40.675 1.95 0.115 —63.338 119.226 6.527 —67.348
(0.127,0.194) (6.886, 10.445) (—42.845, —38.574) (1.14,2.578) (0.069, 0.151) (—71.954, —48.567) (78.842, 157.547) (4.322,8.63) (—=75.139, =53.12)

(Continued)
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TABLE 1 (Continued)
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higher DALY numbers in most age groups. However, in the
80-84 years group, DALY numbers in females surpassed those in
males once again (Figure 4).

Association with the sociodemographic
index

The burden of non-CO poisoning exhibited a significant negative
correlation with the SDI at both regional and national levels. At the
global level, regions with lower SDI values demonstrated higher
age-standardized DALY rate attributable to non-CO poisoning, while
higher-SDI regions showed lower ASR values (Figure 4). At the regional
level, the correlation coefficient between SDI and age-standardized
DALY rate was —0.67 (95% CI: —0.71 to —0.63, p < 0.001; Figure 5).
Similarly, at the national level, the correlation coefficient was —0.68 (95%
CI: —0.75 to —0.6, p < 0.001; Supplementary Figure S1). Countries with
lower SDI values had higher ASR of DALY from non-CO poisoning,
while those with higher SDI values exhibited lower ASR.

Although, overall, the burden of non-CO poisoning exhibited a
significant negative correlation with SDI, a more nuanced pattern
emerged when examining the relationship across the full SDI spectrum.
At the regional level, SDI values below 0.45 were associated with a
noticeable decrease in age-standardized DALY rate, followed by a slight
increase in ASR of DALY between SDI values of 0.45 and 0.52. After this
slight increase, ASR began to decrease again. Southern Sub-Saharan
Africa had higher than expected ASR, while regions such as South Asia
and Tropical Latin America had lower than expected burdens from 1990
t0 2019 (Figure 5). At the national level, the burden of non-CO poisoning
generally decreased with increasing SDI. However, in countries with an
SDI greater than 0.8, a slight upward trend in the burden of non-CO
poisoning was observed, as seen in countries like Norway and Monaco.
Countries such as Zimbabwe, Lesotho, and Eswatini exhibited much
higher than expected burdens, while countries like Bhutan, Pakistan,
Qatar, and Switzerland showed much lower than expected ASR.

Discussion
Principal findings

This study offers a comprehensive global, regional, and
national assessment of the burden of non-CO poisoning from
1990 to 2021, revealing significant reductions in prevalence,
mortality, and DALYs. In 2021, there were 3.58 million prevalent
cases of non-CO poisoning globally, 27.26 thousand deaths, and
1.65 million DALYs. The ASPR decreased by 43.9%, ASDR
decreased by 38.9%, and ASR of DALY decreased by 43.5%. These
reductions are a direct result of advancements in poisoning
prevention strategies, improved healthcare accessibility, and
strengthened regulatory enforcement (24-26). However, the
persistence of geographic and socioeconomic disparities remains
a significant challenge, particularly in LMICs, where structural
factors such as limited access to healthcare, weak regulations, and
socioeconomic pressures continue to exacerbate the poisoning
burden (27-29).

In 2021, Asia and Africa exhibited relatively lower poisoning
prevalence rates compared to other continents. However, it is
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FIGURE 1

Age-standardized prevalence rate of non-CO poisoning per 100,000 population in 2021, by country.
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Number of prevalent cases globally and prevalence of non-CO poisoning per 100,000 population, by age and sex in 2021. Lines indicate the
prevalence with 95% uncertainty intervals for males and females across different age groups.
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noteworthy that Africa displayed the highest ASDR and
age-standardized DALY rate, indicating that they may face significant
challenges in poisoning prevention and emergency response systems
(30, 31). In contrast, high-income regions such as North America and
Europe reported relatively higher prevalence rates, yet their ASDRs and
DALYs were lower than those observed in other regions. This disparity
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likely reflects the presence of well-established public health systems that
are more adept at addressing poisoning incidents and mitigating long-
term health impacts (Figure 1) (32-34). A similar trend is observed in
the correlation between the Socio-Demographic Index (SDI) and
age-standardized rates (ASR) of DALYs, highlighting the relationship
between socio-economic development and the burden of poisoning.
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FIGURE 3

uncertainty intervals for males and females across different age groups.
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uncertainty intervals for males and females across different age groups.
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A clear negative correlation is observed between the SDI and ASR
of DALY, with lower SDI levels corresponding to higher ASR of
DALY (Figure 2). For instance, regions such as Asia, Andean Latin
America, and Tropical Latin America have demonstrated a decline in
both mortality rates and DALYs, which may be attributed to
improvements in economic development, healthcare access, and
public health infrastructure (35). Interestingly, a slight increase in
SDI levels between 0.4 and 0.6, followed by a gradual decline, was
observed. This pattern may be linked to the increased use of
chemicals and industrial pollution associated with rapid economic
development in these regions (36, 37). It underscores the need for
concurrent environmental regulation policies as countries advance
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economically, to prevent the adverse health outcomes associated with
industrialization and chemical exposure (38-40).

At the national level, a clear inverse relationship was observed
between  SDI the
(Supplementary Figure S1). Countries with lower SDI values generally
experienced higher ASR of DALY, reflecting limited healthcare access,
weaker regulatory systems, and inadequate emergency response

and burden of non-CO poisoning

infrastructure. This pattern is particularly evident in nations such as
Zimbabwe, Lesotho, and Eswatini, where the poisoning burden
significantly exceeded what would be expected based on SDI alone.
Conversely, countries with higher SDI values, such as Switzerland, Qatar,
and Monaco, typically reported low ASDRs and DALYs, suggesting that
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Age-standardized disability-adjusted life year (DALY) rates of non-CO poisoning by Socio-Demographic Index for 21 Global Burden of Disease regions,
1990-2021. Each region is represented by 32 data points corresponding to observed age-standardized DALY rates from 1990 to 2021. The solid line
indicates the expected DALY rates based on the SDI and global patterns. Regions above the line represent a higher than expected burden of non-CO
poisoning, while those below the line indicate a lower than expected burden.
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robust healthcare systems, strict environmental and chemical safety
regulations, and strong public awareness contribute to effective prevention
and management of poisoning incidents (41-43). However, a notable
exception is seen in countries with SDI values exceeding 0.8, including
Norway, where a slight upward trend in poisoning burden was observed.
This may be partially attributed to more comprehensive surveillance and
reporting systems, increased exposure to industrial and pharmaceutical
chemicals, and rising rates of substance misuse—especially in high-
income settings where prescription and recreational drug use is more
prevalent (44, 45). In such contexts, the burden may reflect not only
exposure risks but also societal and behavioral dimensions, such as mental
health conditions and substance dependency (46, 47).

Geographic and cultural factors further mediate the relationship
between SDI and poisoning burden. For instance, in South Asian
countries like Pakistan, Bhutan, and India, low ASPRs and DALYs
were reported despite modest SDI levels. This discrepancy may reflect
substantial underreporting due to weak surveillance systems (48).
Moreover, in regions where traditional medicine and informal care are
commonly utilized, cases of poisoning may bypass formal health
systems entirely, thereby distorting the true burden (49, 50). In
contrast, Latin American countries such as Argentina and Chile,
though categorized as upper-middle SDI countries, exhibited elevated
ASPRs. This can be linked to extensive pesticide use in agriculture,
occupational exposure among rural populations, and inconsistent
enforcement of chemical safety regulations (51). Yet, their ASDRs and
DALYs remain moderate, potentially due to improving emergency
care and a growing emphasis on occupational health protection (52).

Our study revealed clear age-related disparities in non-CO
poisoning burden in 2021, with children under five and older adult
individuals exhibiting the highest poisoning burdens. Although children
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had the lowest prevalence rates of non-CO poisoning, they were
disproportionately affected by death and DALYs, particularly those
under five. This is due to their exploratory behaviors, accidental
ingestion of household chemicals, and heightened vulnerability to
poisoning, making them especially at risk (53, 54). In addition to the
physiological vulnerability, children often lack the ability to articulate
symptoms, delaying diagnosis and treatment (55, 56). Unintentional
poisoning is a leading cause of childhood injury and mortality,
particularly in LMICs, where regulations for hazardous substances in
homes and environments are often insufficient (57, 58). Older adults also
face increased risk, likely due to polypharmacy, cognitive decline, and
reduced ability to metabolize toxins (59, 60). The rise in pharmaceutical
poisoning in high-SDI countries, particularly involving opioids,
underscores the need for targeted interventions for older populations,
including safe medication practices and geriatric toxicology care (61).

Gender differences in poisoning were evident, with males
consistently exhibiting higher ASPR than females (Figure 2). This
pattern is often attributed to higher occupational exposure, risk-taking
behaviors, and greater involvement in industrial and agricultural work
(62, 63). However, in older age groups, female poisoning rates surpass
male rates, likely due to increased use of medications and longer life
expectancy, which expose women to higher rates of pharmaceutical
overdoses and chronic toxic exposures (64, 65).

Complexity of poisoning types and its
implications

The complexity of non-CO poisoning lies not only in the variety of
toxic agents involved but also in the diverse mechanisms of harm they
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induce. Poisoning can result in acute toxicity, long-term health
consequences, and psychosocial impacts, each contributing uniquely to
the global burden (66, 67). Acute poisoning is often linked to
occupational exposure, such as pesticide use in agricultural communities,
and household toxins (31, 57). In LMICs, pesticide-related poisoning
remains prevalent, mainly due to the widespread use of high-risk
chemicals in agriculture. Bans on highly toxic pesticides, such as
paraquat in South Korea, Sri Lanka, and Japan, have significantly
reduced pesticide-related deaths—for example, Japan saw a 92% decline
over three decades (68, 69). Notably, in Sri Lanka, the 2015 restriction of
less toxic pesticides was associated with increased mortality, highlighting
the need to avoid arbitrary bans while more hazardous chemicals remain
available (70). To maximize the effectiveness of such policies,
complementary measures—including farmer education, safety training,
and social support—are essential to improve protective behaviors and
ensure the safe use of pesticides in agricultural communities (71).

In contrast, high-income regions, such as North America and
parts of Europe, are experiencing a growing crisis of pharmaceutical
poisonings, predominantly driven by opioids (46, 72, 73). In Canada,
opioid-related deaths nearly doubled from 3,007 in 2019 to 6,222 in
2021, with years of life lost increasing from 126,115 to 256,336,
disproportionately affecting adults aged 20-39, where opioids
accounted for ~29% of all deaths in this group by 2021 (74). Similarly,
in the United States, more than 800,000 premature deaths have been
attributed to opioid overdoses since 2000 (72). These trends are not
solely due to prescribing practices but also reflect broader social
determinants such as economic instability, despair, and isolation (34).

Misuse of other psychoactive pharmaceuticals is also rising. In
Australia, poisoning incidents involving antipsychotics such as
quetiapine and olanzapine increased by 30.8 and 32.7%, respectively,
from 2015 to 2020, often involving co-ingestion with opioids or
benzodiazepines, highlighting patterns of risky polypharmacy (75). In
response, various strategies have been proposed and partially
implemented, including enhanced prescription monitoring programs,
public health education, and improved naloxone distribution.
Geospatial modeling in Vancouver showed that strategic placement of
naloxone kits could improve access, potentially covering over 50% of
opioid poisoning events compared to only 35% with existing
distribution sites (76). Broader systemic changes—such as reforming
prescribing culture, ensuring treatment access, and addressing social
inequities—are essential to reverse current mortality trends (34).

Certain types of foodborne poisoning are highly region-specific,
often shaped by local dietary practices and traditional food preparation
methods. In China, mushroom poisoning remains a serious public
health concern, particularly in provinces such as Guizhou, where most
cases occur between June and October, and are concentrated in
households among individuals aged 20-59. In 2023 alone, 33 species of
poisonous mushrooms were identified across 72 incidents, with ingestion
commonly driven by foraging habits and misidentification of wild
mushrooms (77). In addition, outbreaks of botulism and bongkrekic acid
poisoning linked to homemade fermented foods such as pickled eggs,
wet rice noodles, and corn flour jelly have been reported, highlighting
the risks associated with traditional food preparation (78). Bongkrekic
acid outbreaks, mostly occurring in South and Southwest China, showed
a case fatality rate of 29.5%, with 79% of incidents occurring in domestic
settings (79). These examples underscore the urgent need for targeted
public health interventions, including seasonal risk communication,
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education on safe food sourcing and preparation, and restriction of high-
risk traditional practices, to reduce preventable toxic exposures.

The burden of poisoning is disproportionately high in children,
especially those under five, due to their exploratory behavior and
increased risk of ingesting household chemicals or medications. In the
United States, household cleaning products are the second most
common cause of poisoning in children under six, with alkali-based
cleaners being particularly dangerous (80). Children often misidentify
household chemicals, particularly those with food-like packaging or
fruity scents, further increasing the risk of ingestion (81). Unsafe
medication storage and inadequate parental awareness also exacerbate
this risk (27). Targeted interventions, such as childproofing homes,
educating caregivers on safe storage practices, and improving child-
safe packaging, are essential for reducing these risks. Additionally,
increasing access to poison control centers and regulating household
chemicals can significantly help prevent pediatric poisonings (55).

Heavy metal exposure remains a critical public health issue,
particularly in industrialized regions. Chronic exposure to metals such
as lead, mercury, and arsenic has been linked to severe long-term health
consequences, including renal damage, cardiovascular diseases, and
neurological disorders (82). The GBD Study 2019 reported that lead
exposure in the North Africa and Middle East region resulted in 489.3
DALYs per 100,000 population in 2019, with cardiovascular diseases and
chronic kidney diseases accounting for significant portions of the burden
(35). In China, mercury exposure, primarily from occupational sources
and the use of mercury-containing cosmetics, has led to long-term
complications such as nephrotic syndrome and peripheral neuropathy
(83). Occupational studies have also demonstrated that lead exposure in
workers, such as those in automotive garages, significantly elevates blood
lead levels and contributes to chronic health risks like renal and
neurological damage (63). Furthermore, mixed heavy metal exposure,
including arsenic, cadmium, and nickel, has been positively correlated
with early renal impairment, highlighting complex interactions between
metals and their cumulative effects on kidney health (84). To mitigate
these risks, strengthening environmental monitoring systems and
implementing long-term, cost-effective interventions, such as regulatory
measures and public health policies focused on early detection and
screening in at-risk populations, are essential.

Self-poisoning, often linked to mental health disorders such as
depression and substance abuse, remains a significant public health
issue, particularly in high-stress environments. Studies show that a
substantial proportion of poisoning cases are deliberate self-harm,
with depression being a key factor; for example, a study in Australia
found that 35.5% of young individuals treated for self-poisoning were
diagnosed with depression, and 25.4% were referred for psychiatric
care (85). Additionally, psychotropic drugs, including antidepressants
and benzodiazepines, were more prevalent in poisoning-related
suicides, indicating the association between mental health conditions
and self-harm behaviors (86). In the U.S., rising self-poisoning cases
among adolescents reflect the broader mental health crisis, with
substances like acetaminophen and ibuprofen commonly used in
these cases (5). Adolescents with cannabis use disorder are also at
increased risk of suicide attempts, especially when co-occurring with
depression (87). These findings highlight the need to integrate mental
health care into poisoning prevention strategies, with early
intervention, mental health support, and reduced stigma being
crucial to reducing the risk of suicide and self-harm (88).
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Public health strategies and policy
recommendations

Enhancing pesticide management and safety
training

Governments should strengthen regulations on pesticides and
hazardous chemicals, especially in agricultural sectors. Providing
farmer education and safety training is essential to ensure safe
pesticide use and reduce exposure-related poisoning incidents.

Improving emergency response and healthcare
accessibility

Investment in the establishment of toxicology centers and
emergency response facilities is crucial. Training healthcare
professionals to manage poisoning cases effectively will improve
outcomes in regions with limited resources.

Increasing public awareness and risk
communication

Public health campaigns should focus on raising awareness about
the risks of pharmaceutical overdose, particularly opioids, and expand
access to life-saving interventions such as naloxone.

Targeted interventions for high-risk populations
Policies should focus on the protection of vulnerable groups,

such as children and the older adult, through measures like childproof

packaging for household chemicals and safe medication practices.

Strengthening international collaboration with
Global Health Organizations

Collaborative efforts with global health organizations, such as the
WHO, should promote international standards for chemical safety
and poisoning prevention, alongside improving data sharing.

Addressing socioeconomic determinants of
health

Public health and social policies should address underlying
socioeconomic factors such as mental health, poverty, and stress, to
reduce self-inflicted poisonings and substance abuse-related poisoning.

Limitations and future research

This study has several limitations. First, data quality in LMICs
is often inadequate, which may result in underreporting of
non-CO poisoning cases. Second, the study does not distinguish
between specific toxicological agents, limiting the capacity for
agent-specific analysis. Third, the etiology of non-CO poisoning
may evolve over time, necessitating longitudinal studies to better
capture emerging risks. Future research should focus on agent-
specific epidemiological patterns, enhancing data collection and
reporting in LMICs, investigating the impact of agricultural
practices, chemical exposures, and environmental pollutants on
poisoning risks, and exploring protective interventions for
vulnerable populations, such as children under five and the older
adult. Additionally, there is a need to investigate the relationship
between mental health and poisoning risks, particularly in the
context of self-inflicted poisonings, and to develop targeted
preventive measures for this group.
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Conclusion

This study provides a global assessment of non-CO poisoning burden
from 1990 to 2021, showing significant reductions in prevalence, mortality,
and DALYs, though regional disparities persist, especially in LMICs.
Vulnerable populations, particularly children under five and the older
adult, experienced a disproportionate burden, with males generally more
affected than females. Future research should focus on agent-specific
epidemiology, improving data collection in LMICs, and examining the
impact of environmental and agricultural changes on poisoning risks.
Interventions for vulnerable groups and integrating mental health factors
into prevention strategies are crucial for further reducing the global burden.
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