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ABSTRACT

Objective This study aimed to estimate the burden of
unintentional poisoning in South Asian countries from 1999
t0 2019.

Design An ecological study conducted at the regional
level for South Asian countries, based on data from the
Global Burden of Disease Study 2019.

Setting We extracted unintentional poisoning data from
the Global Burden of Disease Study data set from 1990 to
2019 to assess trends in mortality, disability-adjusted life-
years (DALYs), years of life lost, years lived with disability
(YLDs) and causative agents in South Asian countries
(Bangladesh, Bhutan, India, Nepal and Pakistan).
Outcome measures We determined the per cent change
and 95% Cl for the period between 1990 and 2019 by
age, gender and country. We also conducted Poisson
regression to measure the percentage change in the rate
per year.

Results The absolute number of deaths due to
unintentional poisoning in South Asia decreased (—32.6%)
from 10 558 deaths in 1990 to 7112 deaths in 2019. The
age standardised death rate from unintentional poisoning
in South Asia has seen a downward trend (—55.88%),
declining from 0.87 (0.67—1.01) age-standardised per
100 000 population in 1990 to 0.41 (0.34-0.47) in 2019.
Among age groups, under 9 years and 10—19 years have
seen downward trends for death and DALYs, accounting
for —93.5% and —38.3%, respectively. YLDs have seen

an upward trend (5.9%), increasing from 10 461.7 per
100 000 in 1990 to 11 084 per 100 000 in 2019.YLDs in
women increased by 7.4%, from 11 558.2 per 100 000
t0 12 418.3 per 100 000. The incidence rate ratios (IRRs)
adjusted by all age groups and gender for DALYs in all
South Asian countries has reduced significantly (IRR 0.97,
95% C1 0.96 to 0.97) from 1990 to 2019.

Conclusion This study showed reduction in death and
DALYs due to unintentional poisoning in South Asia except
YLDs which is showing an increasing trend. Public health
systems should continue efforts to minimise and prevent
disabilities arising from unintentional poisoning in South
Asia.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This analysis provides a comprehensive descrip-
tion of trends in unintentional poisoning disability-
adjusted life-years, years lived with disability and
mortality in South Asia.

= The data used in the study were not adequate to
determine specific risk factors for unintentional poi-
soning in South Asian countries.

= The accuracy and robustness of the estimates de-
pend on the quality and quantity of data used in
the source data from the Global Burden of Disease
Study.

INTRODUCTION

Unintentional poisoning is a global public
health concern.'™ The WHO estimated
that unintentional poisoning caused 84 278
deaths in 2019 worldwide and a loss of five
million disability-adjusted life-years (DALYs).*
This may be attributed largely to an exponen-
tial growth of industrialisation” that leads to
increase of various chemicals.”” The abun-
dance of such chemicals has important impli-
cations for health across the globe. Poisoning
is one of the main causes of emergency visits
in hospitals in many countries.

More than 90% of the unintentional
poisoning-related deaths occur in lower
middle-income countries (LMICs)® with a
greater proportion of deaths in children.’
Socioeconomic patterns, new development
of drugs (opioids and psychotropics) and
substances (domestic fuels, halogenated
hydrocarbons and other solvents), agricul-
tural modernisation, green revolution in
various regions, and easy access to over-the-
counter (OTC) drugs“_14 have been noted
as some reasons underlying the higher rates
of poisonings in LMICs. In addition, carbon
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monoxide exposure is frequent in LMICs as a result of
fuels emitted by autos, stoves and furnaces, all of which
are widely used and pose substantial health risks.'”” The
precise burden of unintentional poisoning may be
higher than that is reported due to variability in expo-
sure and nature of poisoning and unavailability of robust
poisoning information mechanisms in many developing
countries. Previous studies from South Asian countries
reported limited capacity to prevent and control unin-
tentional poisoning, including a lack of functional poison
control centres and toxicovigilance, ineffective commu-
nication systems to increase public awareness of poison
impact, prevention, and control, and poor implementa-
tion of poison prevention policies and services.'*®

The Global Burden of Disease (GBD) Study proposed a
summary metric, DALYs, to quantify the burden of disease
and injury to determine priorities in public health policy
and evaluate the effectiveness of public health inter-
ventions." Unintentional poisonings can be indicative
of exposures that may lead to chronic health outcomes
and need greater public health attention." ' Estimating
the burden of unintentional poisoning is important for
targeting specific preventive measures and planning
healthcare interventions. Comprehensive and system-
atic assessment of the mortality trends of unintentional
poisoning among South Asian countries has been limited.
This study aimed to estimate the burden of unintentional
poisoning and its trends in South Asian countries from
1990 to 2019 using the GBD methodology.

METHODS

Study design

This was an ecological study conducted at the regional
level for South Asian countries.

Study data sources

We extracted data from the GBD 2019 results tool which
is a global health database. The Institute for Health
Metrics and Evaluation (IHME) conducted the GBD 2019
study in the most comprehensive manner to measure the
level and trends of global epidemiology. We extracted the
annual deaths and age-standardised mortality rates for
unintentional poisoning from 1990 to 2019 grouped by
sex, age and country (Bangladesh, Bhutan, India, Nepal
and Pakistan) from the GBD 2019 Study.”” The GBD uses
International Classification of Diseases, Tenth Revision
coding to map the poisoning by and exposure to noxious
substances.” The GBD collects data on poisoning in
two categories: poisoning by carbon monoxide and
poisoning by other means. Analgesics, narcotics, antie-
pileptics, psychotropics, drugs acting on autonomic
nervous system, biological substances, organic solvents,
pesticides and unspecified drugs and chemicals are
included in poisoning by other means. However, it disre-
gards poisoning by and exposure to alcohol. The GBD
methodology for estimating the burden of unintentional
poisoning has been described in previous studies.”'” The

GBD generates point estimates and 95% uncertainty
intervals for every cause in the cause list, every country/
location, all ages, each sex separately and aggregated, and
every year from 1990 to the current round of 2019. The
complete data set used for the analysis in this research
is publicly available from the GBD 2019 Study by the
IHME and it can be extracted from the Global Health
Data Exchange query tool (http://ghdx.healthdata.org/
gbd-results-tool).*

The GBD Study estimates disease burdens using a
variety of data sources, including disease registries,
population-level surveys, health facility data and disease
surveillances. The GBD research evaluates data quality
such as completeness, missing data rates and accuracy,
and then uses robust modelling techniques to capture
patterns in the data and minimise estimation error.
Previous studies have explained the modelling of these
data in great detail.” The GBD uses latest population
estimates for WHO Member States to estimate the age-
specific death rates by sex. The total number of deaths
for every sex-age group must equal to the total number
of deaths for that age-sex group estimated by the data
sources.”* Complete or partial vital registration data,
together with sample registration methods, account for
74% of global mortality estimates. For the remaining
26% of estimated global mortality, survey data and indi-
rect demographic techniques give information on child
and adult mortality. Adult mortality rates were computed
from expected trends in child death in countries lacking
vital registry data using the modified Brass Logit Life
Table technique.”

Variables

The main variables selected for this study were mortality
rate per 100 000, DALY, years lived with disability (YLDs),
and years of life lost for all age groups, sex and country.
Mortality included deaths due to unintentional poisoning
from carbon monoxide and due to other means.

Statistical analysis

Data analysis was done using Microsoft Excel V.2013
and R-programming software V.4.3.2 (R software, USA).
The percentage change over 30 years in deaths, DALYs
and YLDs was calculated for 2019 against 1990 as the
benchmark. We also used Poisson regression to evaluate
the trends in deaths and DALYs due to unintentional
poisoning for all countries in South Asia and reported
the incidence rate ratio (IRR) along with 95% CI as an
indicator of change per year.

Patient and public involvement
None.

RESULTS

The absolute number of deaths due to unintentional
poisoning has seen a downward trend from 10 558 deaths
in 1990 to 7112 deaths in 2019 in South Asia (figure 1).
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Figure 1 Absolute number of deaths due to unintentional poisoning by countries in South Asia from 1990 to 2019. The
absolute number of deaths was determined by estimating the total number of deaths that occurred due to poisoning in a
specific year. The absolute number of deaths due to unintentional poisoning has been decreasing from 1990 to 2019.

Bangladesh, Nepal and Bhutan have seen a constant
trend of deaths from 1990 to 2019. In India, similarly,
the number of deaths due to unintentional poisoning
has decreased substantially from 7275 in 1990 to 3945 in
2019.

Table 1 shows the death rates from unintentional
poisoning in countries in South Asia, with regard to
gender and age groups from 1990 to 2019. The death
rates from unintentional poisoning in South Asia has
seen a downward trend (-32.9%) over 30 years, declining
from 986.2 per 100 000 population in 1990 to 661.3 per
100 000 population in 2019. There has been considerable
reduction in death rates from unintentional poisoning in
Bangladesh than in other South Asian countries (-48.3),
reducing from 1032 per 100 000 population in 1990 to
533.4 per 100 000 population in 2019. Both men and
women have seen a similar percentage change in death
reduction, accounting for -31.5% and -34.4%, respec-
tively. Among age groups, the under 9 years group has
seen the largest reduction in death rates (-93.5%) over
30 years from 1401.5 per 100 000 population in 1990 to
90.9 per 100 000 population in 2019. The deaths caused
by carbon monoxide poisoning followed an upward trend
(16%), whereas deaths by other means saw a downward
trend (-53%).

Table 2 shows standardised death rates from uninten-
tional poisoning in countries in South Asia with regard to
gender and causative agents from 1990 to 2019. The age-
standardised death rate from unintentional poisoning in
South Asia has seen a downward trend (-55.88%) over 30
years, declining from 0.87 (0.67-1.01) per 100 000 popu-
lation in 1990 to 0.41 (0.34-0.47) per 100 000 popula-
tion in 2019. Both men and women have seen a similar
decline in the age-standardised rate in death reduction,
accounting for -52.22% and -53.26%, respectively. The
age-standardised death rate due to causative agents such
as carbon monoxide and other means of unintentional

poisoning in South Asia has shown a downward trend
accounting for -33.1% and —63.8%, respectively.

Table 3 shows DALYs from unintentional poisoning
in countries in South Asia with regard to gender and
age groups from 1990 to 2019. Over the last 30 years,
DALYs from unintentional poisoning in South Asia have
decreased (-32.9%), reducing from 64 589.4 per 100 000
population in 1990 to 34 053.8 per 100 000 population
in 2019. Bangladesh and Nepal have seen the greatest
reduction in DALYs over 30 years, accounting for -61.8%
and -61.5%, respectively. DALYs in both men and women
caused by unintentional poisoning have decreased,
accounting for -46% and 48.6%, respectively. Among age
groups, the under 9 years and 10-19 years groups have
seen a -38.3% downward trend, decreasing from 18 806.6
per 100 000 in 1990 to 11 609.1 per 100 000 in 2019.

Table 4 shows YLDs from unintentional poisoning in
countries in South Asia with regard to gender and age
groups from 1990 to 2019. The YLDs in South Asia have
seen an upward trend (5.9%) over 30 years, increasing
from 10 461.7 per 100 000 in 1990 to 11 084 per 100 000
in 2019. Bangladesh has the highest upward trend for
YLDs (14%), increasing from 9086.7 per 100 000 in 1990
to 10 360 per 100 000 in 2019. YLDs in women increased
by 7.4% over 30 years, from 11 558.2 per 100 000 to 12
418.3 per 100 000 in 2019. Children under 9 years saw
the highest reduction in YLDs (-15.8%), decreasing from
5942.3 per 100 000 in 1990 to 5005.8 per 100 000 in 2019.
The YLDs caused by carbon monoxide and other means
followed an upward trend, accounting for 72% and 68%,
respectively.

The IRRs adjusted for all age groups and gender for
the measurement of deaths in all South Asian countries
were statistically insignificant (IRR 0.96, 95% CI 0.91 to
1.02). However, the trend for death in Nepal increased
significantly (IRR 0.97, 95% CI 0.94 to 1). Table 5 shows
the IRR trend for all age groups and gender with regard
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Table 2 Age-standardised death rate due to unintentional poisoning by South Asian countries with regard to gender, age

groups and causative agents (1990-2019)

30 years %

Year 1990 1995 2000 2005 2010 2015 2019 A
Age-standardised death rate per 100 000
Country (region)
South Asia 0.87 0.78 0.71 0.61 0.56 0.45 0.41 -52.88%
(0.67-1.01) (0.62-0.91) (0.56-0.81) (0.5-0.71) (0.46-0.64) (0.37-0.52) (0.34-0.47)
India 0.75 0.66 0.59 0.49 0.42 0.34 0.3 -60.65%
(0.48-0.9) (0.44-0.79) (0.4-0.69) (0.33-0.57) (0.28-0.49) (0.24-0.39) (0.21-0.35)
Pakistan 1.46 1.55 1.5 1.35 1.02 0.95 -35.35%
(1.03-2.28) (1.13-2.32) (1.16-2.16) (1.08-1.99) (1.05-1.93) (0.74-1.4) (0.7-1.28)
Bangladesh 0.57 0.48 0.41 0.37 0.38 0.36 0.37 -34.70%
(0.46-0.69) (0.41-0.57) (0.35-0.48) (0.32-0.43) (0.32-0.45) (0.27-0.45) (0.27-0.47)
Nepal 3.72 3.13 2.58 2.34 2.28 2.01 1.77 -52.35%
(2.54-4.92) (2.32-4.05) (1.98-3.26) (1.82-2.88) (1.71-2.91) (1.51-2.56) (1.34-2.27)
Gender
Male 1.02 0.9 0.83 0.72 0.67 0.54 0.49 -52.22%
(0.7-1.23)  (0.65-1.11) (0.61-0.97) (0.53-0.84) (0.5-0.76) (0.42-0.62) (0.39-0.58)
Female 0.71 0.65 0.59 0.5 0.44 0.36 0.33 -53.26%
(0.54-0.86) (0.49-0.78) (0.47-0.69) (0.42-0.6) (0.37-0.53) (0.29-0.45) (0.26-0.42)
Causative agents of unintentional poisoning in South Asia
Carbon 0.31 0.3 0.29 0.27 0.25 0.21 0.21 -33.1%
monoxide (0.18-0.44) (0.18-0.41) (0.19-0.38) (0.17-0.35) (0.17-0.32) (0.14-0.26) (0.14-0.26)
Other means 0.56 0.48 0.42 0.34 0.3 0.24 0.2 -63.8%
(0.41-0.7)  (0.37-0.61) (0.33-0.54) (0.28-0.44) (0.25-0.38) (0.2-0.31) (0.17-0.27)

*Age-standardised death rate per 100 000. A=relative change.

to death and DALYs due to unintentional poisoning in
South Asian countries from 1990 to 2019. The DALYs for
all South Asian countries has reduced significantly (IRR
0.97;95% CI 0.96 to 0.97) from 1990 to 2019.

DISCUSSION

In this study we estimated the burden of unintentional
poisoning including death, DALYs and YLDs in five
South Asian countries using GBD data from 1990 to
2019. Overall, we found that the death rates and DALYs
followed a decreasing trend in all these countries due
to unintentional poisoning from 1990 to 2019. Bangla-
desh had the highest reduction in death rate and DALYs
caused by unintentional poisoning compared with other
countries in South Asia, whereas the incidence of uninten-
tional poisoning in Nepal increased. Moreover, women
had higher YLDs than men. In terms of age categories,
children under 9 years and 10-19 years had the highest
reduction in deaths, DALYs and YLDs caused by uninten-
tional poisoning over 30 years.

There could be several reasons for the decreasing trend
of death and DALYs due to unintentional poisoning in
South Asia. Healthcare might have improved resulting in
reduced morbidity and mortality acutely but increased
long-term disability. This could be driven by better access

. . . . . 26
to healthcare services due to increasing urbanisation.”

Larger proportions of populations have started living in
cities compared with rural areas, making it easy to access
healthcare and other essential infrastructure services
necessary to prevent deaths due to poisoning. World Bank
data show that just between 2001 and 2011, the urban
population of South Asia increased by 130 million, and
by 2030, it is expected to increase by over 250 million.*” **
In addition, an overall improvement in health systems
services delivery and increased health-seeking behaviour
of people in South Asian countries may have also indi-
rectly decreased the mortality rates in due to uninten-
tional poisoning. As supported by literature, in the past
few decades public health has improvement in these
countries, although universal health coverage and equity
is still a concern.”” 2> Furthermore, establishment and
functioning of national poisoning control centres, influ-
encing the availability, labelling and packing of poisons
in the market, and addressing the issue at the community
level in some of these South Asian countries may have
helped in early detection of acute poisoning cases leading
to a coherent response to avoid mortalities.”” ™’ Although
over the past few decades, new poisoning control centres
may have been established, but still only 47% of WHO
Member States had poisons centres as of 1 January 2021.*
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Table 5 Incidence rate ratio (IRR) trend for all age groups
and gender with regard to death and DALYs due to
unintentional poisoning in South Asian countries from 1990
to 2019

Measures IRR (95% CI) P value

Death
Bangladesh 0.983 (0.91 to 1.05) 0.611
Bhutan 0.967 (0.90 to 1.02) 0.303
India 0.962 (0.90 to 1.01) 0.193
Nepal 0.973 (0.94 to 0.99) 0.049*
Pakistan 0.981 (0.94 to 1.01) 0.287
South Asia 0.969 (0.91 to 1.02) 0.246

DALYs (disability-adjusted life-years)
Bangladesh 0.978 (0.97 to 0.986) <0.001*
Bhutan 0.963 (0.956 to 0.97) <0.001*
India 0.958 (0.951 to 0.965) <0.001*
Nepal 0.966 (0.962 to 0.969) <0.001*
Pakistan 0.979 (0.975 to 0.983) <0.001*
South Asia 0.966 (0.96 to 0.972) <0.001*

*Significant at 5%

In contrast, the mortality rate due to unintentional
poisoning, particularly opioid overdose causing three
epidemics in the USA from 1990 to 2019, claimed 500
000 lives,41_48 while in these five South Asian countries we
have seen decreasing death rates over the years. Deaths
due to overdosing are increasing in the USA due to the
increased availability of illegally manufactured synthetic
drugs such as fentanyl and methamphetamine, toxic
drug supply in which drugs are frequently contaminated
or adulterated by multiple psychoactive substances, and
polysubstance use." However, the declining trend in
unintentional poisoning mortality in South Asian coun-
tries may be linked to a weak to non-existent surveillance
system for poison exposures, and poisoning-related data
may be underreported due to the inadequate capacity of
health professionals to characterise poisoning in hospi-
tals and communities.”*!

On a global level, there is high variability in the mortality
rate attributed to unintentional poisoning ranging from
2.2% annual increase in mortality in Lesotho to -6.4%
annual decrease in mortality in Mongolia.52 However,
the absolute number of deaths is still high. An important
factor which may have increased the prevalence of
poisoning could be the rapid rise of industrialisation,
and consequently an increase in the amount and types
of chemical exposures to the population.”* Therefore,
itis critical not to ignore the public health importance of
preventing unintentional poisoning across all age groups
in all socioeconomic profiles, specially addressing the
health disparity and equity issues surrounding poisoning
prevention, as various studies have shown that the lower
socioeconomic class and the poor are more prone to

3

unintentional poisoning as compared with the well-off
population.* **% Furthermore, the COVID-19 pandemic
has contributed to unintentional poisoning events as
people throughout the world have started using a variety
of chemical and pharmaceutical substances to prevent
and treat COVID-19 infections.”* ®® This situation may
be worst in South Asian countries due to unregulated
manufacturing and use of environmental cleansers and
alcohol-based hand sanitisers in combination with some
of the population self-medicating with OTC medications
and traditional or herbal medicines.

Most importantly, in this study we noticed that there
are variations in the trends and burden of unintentional
poisoning among five South Asian countries. For instance,
Bangladesh has experienced the highest reduction in
deaths and DALYs caused by unintentional poisoning
over the years. This could be due to pesticide legislation
that ban use of highly hazardous pesticides in 2000.°° This
legislation on pesticide ban caused a 37% reduction in
the case fatality rate for pesticide poisoning in Bangla-
desh over two decades. The incidence of unintentional
poisoning in Nepal has been increasing. There could
be multiple socioeconomic and public health factors
affecting this increasing trend. On the global air pollu-
tion index, Nepal is on the 10th number which is attrib-
utable to carbon emissions from vehicles, industries, and
power plants with poor regulations.”” The difference in
trends of unintentional posioing in south asian countries
needa a comparative policy analysis along with overall
understanding of development of socio economic deter-
minants of health.

The WHO global health estimates that mortality
attributed to unintentional poisoning is high in men
with 1.4 deaths per 100 000 population. However, in our
study, the mortality rate due to unintentional poisoning
among men and women was equivalent. It is inconsis-
tent with the previous studies from China, Korea, Iran
and Turkey which have reported higher mortality rates
among men.? 7 Our finding is intriguing because
there is a combination of factors which could put men
at greater risk of unintentional poisoning than women
such as a greater tendency towards risk-taking behaviours
and higher exposure to poisoning, including occupa-
tional risks and higher consumption of alcohol among
men. For example, men may have greater exposure to
carbon monoxide because they are more likely to use
fuel-burning equipment in their jobs.'” ™ ™ Literature has
also recorded higher alcohol consumption among men
than women.”®”” In addition, in the South Asian culture
men have more opportunities of socialising as compared
with women and alcohol consumption is highly associated
with socialisation which puts more men at greater risk of
poisoning.”™ This study also found that women had
higher YLDs than men. This might be because women
tend to live longer than men but with disabilities.

Another noticeable difference in terms of mortality
reduction due to unintentional poisoning was among
children under 18 years. This could be due to a number

8
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of interventions which aim to address unintentional inju-
ries in children including unintentional poisoning.*
However, some studies have reported that children
younger than 5 years could have been at higher risk of
unintentional poisoning due to their curiosity and hand-
to-mouth behaviours leading to ingestion of poisonous
objects.87 8

Although this study used the most extensive epidemi-
ological data of South Asians from 1990 to 2019 based
on analytical methods of GBD, it still has some possible
limitations associated with the GBD data.*™* First, the
GBD data are based on existing data sources, which may
be inaccurate in and of itself. The quality and complete-
ness of reporting difficulties may be more common in
these five South Asian developing countries which could
explain why death rates are lower than in developed and
industrialised countries like USA, Israel and so on, where
poisoning surveillance and data monitoring technologies
to assist data accuracy may be more readily available. In
addition, the accuracy and robustness of estimates are
highly dependent on the quality and quantity of data
used in the modelling. Second, the prediction and expla-
nation of the GBD model is subject to the intentionality
principle which is often difficult to report and needs to be
taken into consideration. Third, we have not computed
risk factors of unintentional poisoning specific to South
Asian countries in this paper due to scarcity of the data,
although, risk factors are elaborated from the literature
in the discussion section. Another limitation is that these
data do not point to any specific causes for the decrease
in mortality and prevalence of poisoning in South Asian
countries.

Conclusion

In summary, there is a declining trend in the uninten-
tional poisoning death rates in the five South Asian
countries over the years since 1990. Bangladesh has expe-
rienced the highest decline in this burden while, Nepal
is still experiencing an increase in the burden of unin-
tentional poisoning. Children under 18 years of age had
seen significant reduction in mortality due to uninten-
tional poisoning. To further lessen the burden of unin-
tentional poisoning in South Asian countries, continued
attention and public health action are needed to focus on
preventing unintentional poisoning, limiting the wide-
spread self-medication, preventing use of alcohol and
drugs, and increasing regulatory controls for hazardous
chemical availability and access.
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