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Abstract

Background: Subjects with non-fatal poisoning may be left with permanent, disabling sequelae, and the resultant
long-term use of medical services smay be a burden on the public health care system. The objective of this study
was to describe the epidemiology of poisoning in Taiwan from 1999 to 2008.

Methods: We analyzed poisoning-related data of mortality rates sourced from official Taiwanese vital statistics and
of hospitalization from the National Health Insurance (NHI) Research Database. The data were age-adjusted to the
year 2000 Standard Population to determine 10-year hospitalization and mortality rate trends, which we stratified
according to gender, age, and poisoning agent. Poisson regression was used to investigate the trends.

Results: There were 20,260 deaths and 210,021 hospitalizations related to poisoning, with mortality and
hospitalization rates of 8.21 per 100,000 and 86.30 per 100,000 population, respectively. Males exhibited higher
rates of mortality and hospitalization as a result of poisoning, with the highest risk in those aged 65 years or older.
Medicinal drugs followed by pesticides were the two most common agents of poisoning. There was an increasing
trend of both poisoning-related mortality and hospitalization rates during the study period, with a greater increase
occurring in the hospitalization rate than in the mortality rate.

Conclusions: We found the males aged 65 years or older were at highest risk of poisoning, with medicinal drugs
being the leading cause. Hospitalization rates increased more than mortality rates over the 10-year period.
Appropriate poisoning prevention programs need to be developed. We should strengthen case management and
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improve access to health services to increase survival in cases of poisoning.

Background

Poisoning is a global public health concern. The World
Health Organization (WHO) indicated that in 2000,
unintentional poisoning resulted in 315,000 deaths
worldwide. This represents 6% of all deaths from unin-
tentional injuries, a proportion that is comparable with
deaths from unintentional falls [1]. According to statis-
tics from the American Association of Poison Control
Centers in 2004, one poisoning case occurred every 13
seconds in the United States (US), with an incidence of
5.5-18.1 per 1,000 population. Altogether there was a
yearly total of 200,000 cases of suicide poisoning along
with two million cases of unintentional poisoning [2].
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Among all unintentional injuries in the US, uninten-
tional poisoning ranks as the second leading cause of
death, surpassed only by automobile injuries [3].
According to the US Centers for Disease Control and
Prevention, poisoning accounted for the largest increase
in mortality rate among all unintentional injuries from
1999 to 2004, with an overall increase of 55.7%, and a
62.5% increase in unintentional poisoning, a 10.8%
increase in suicide poisoning, and a 26.6% increase in
unspecified poisoning [4]. In addition, according to
health statistics in the United Kingdom, poisoning was
the second leading cause of death among all uninten-
tional injuries in England and Wales in 2004, ranked
only behind fall injuries. As mortality from suicide poi-
soning declined between 1979 and 2004, mortality from
unintentional and drug abuse poisoning rose to become
the primary cause of poisoning [5].
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According to the Taiwan National Poison Center, the
incidence of poisoning in Taiwan is about 0.16-0.22 per
1,000 population [6]. Statistics from the Department of
Health showed that a total of 324 Taiwanese subjects
died from unintentional poisoning in 2007. The poison-
ing mortality rate ranks fourth among unintentional
injuries, of which the top three causes are automobile
injuries, unintentional falls, and drowning [7]. In Tai-
wan, there was a decreasing trend in poisoning mortality
from 1975 to 1998, with a drop of 41.2%. While unin-
tentional and intentional poisoning mortality fell by
40.1% and 55.6%, respectively, there was a 32.5-fold
increase in the mortality from unspecified poisoning [8].
In addition, a study showed that between 1986 and
2005, suicides using solid or liquid substances and sui-
cides using gas and vapor were the second and third
leading agents of suicide deaths [9].

Most previous studies conducted in Taiwan that
focused on poisoning were cross-sectional and failed to
present the overall epidemiological characteristics and
long-term trends in poisoning. Therefore, this study
aimed to describe the epidemiological characteristics
and trends of poisoning in Taiwan using a combination
of cause-of-death statistics and the National Health
Insurance (NHI) Research Database containing hospita-
lization data.

Methods

Data source

The mortality data in Taiwan from 1999-2008 were
obtained from the cause-of-death statistics provided by
the Department of Health, Executive Yuan [7]. Hospita-
lization data were extracted from the NHI Research
Database [10]. Since its launch on March 1, 1995, the
NHI has reached a coverage rate of 99% of hospitals in
Taiwan. The NHI Research Database consists of data on
both outpatient (including emergency treatment) and
inpatient care. Medical institutions are required by law
to make claims for outpatient costs and inpatient fees to
the NHI Bureau. Hence, the NHI Research Database is
an essential resource of representative and evidence-
based data for studies in medical and health research,
which may play a valuable role in future health policy
[10].

Our research required secondary data analysis, and the
identification of patients had already been encrypted in
the official death statistics and the NHI Research Data-
base in Taiwan; therefore, our research complied with
the Helsinki Declaration and protected the privacy of
patients.

Data analysis
We calculated the mortality and hospitalization rates
using the mid-year population in the “population by age
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report” provided by the Ministry of the Interior as the
denominator. Data were age-adjusted by the direct
method to the 2000 World Standard population
obtained from the WHO. Afterwards, we calculated the
10-year trends in poisoning mortality and hospitalization
rates and stratified them by gender, age, and causative
agent.

The Department of Health age classification, which
uses 6 groupings, was adopted as follows: infants and
toddlers, aged 0-4 years; children, aged 5-14 years;
young adults, aged 15-24 years; mature adults, aged 25-
44 years; middle-aged adults, aged 45-64 years; and the
elderly, aged 65 years or older. The official death statis-
tics and NHI database employ the ICD-9-CM coding
system in Taiwan, so we selected study cases by ICD-9-
CM external causes of injury codes (E-Codes), which
include “unintentional poisoning, such as by medicinal
drugs (E850-E858), alcohol (E860), cleaning solutions
(E861), petroleum products (E862), pesticides (E863),
corrosives (E864), foodstuffs (E865), other solid and
liquid substances (E866), gas distributed by pipeline
(E867), carbon monoxide (E868), other gases and vapors
(E869), venomous animals and plants (E905), and med-
icinal drugs causing adverse effects (E930-E948)"; “inten-
tional poisoning, such as suicide using solid or liquid
substances (E950), suicide using gases in domestic use
(E951), suicide using other gases and vapors (E952), and
assault using poisoning (E962)"; and “substances, unde-
termined whether accidently or purposely inflicted
(E980), by unspecified gases in domestic use (E981), and
by other unspecified gases (E982).”

For statistical analysis, the independent sample Stu-
dent t-test, one-way analysis of variance, and Scheffe’s
post hoc comparisons were conducted using SPSS 18.0
software to examine the differences in poisoning mortal-
ity and hospitalization rates according to gender, age,
and poisoning agent. Poisson regression was used to
identify 10-year trends.

Results

Epidemiological characteristics

Between 1999 and 2008, there were a total of 20,620
deaths from poisoning in Taiwan, representing a mortal-
ity rate of 8.21 per 100,000 population. When consider-
ing intent, the number of deaths caused by intentional
poisoning was the greatest, with 14,440 deaths (70.03%
of all poisoning deaths), and demonstrated the highest
mortality rate (5.73 per 100,000 population). The second
and third greatest causes of poisoning deaths were unin-
tentional poisoning (17.41%; 1.45/100,000) and unspeci-
fied poisoning (12.56%; 1.03/100,000). Men
demonstrated a mortality rate 2.3 times higher than
women (11.46 versus 4.92 per 100,000 population).
Cross-analysis of gender and intention showed that men
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had a higher proportion of unintentional poisoning
among all poisoning deaths than women (18.71% versus
14.29%), whereas women had higher proportions of
intentional and unspecified poisoning among all poison-
ing deaths than men (72.77% versus 68.88% and 12.94%
versus 12.41%, respectively). Cross-analysis of age and
intention showed that death from unintentional poison-
ing was significantly higher in the 25-44 year and 65
years or older age groups (2.59 and 2.18 per 100,000,
respectively) compared with other age groups; on the
other hand, mortality rates from intentional poisoning
were significantly higher in the 65 years or older, 45-64,
and 25-44 year age groups (10.63, 9.44, and 8.86 per
100,000, respectively) compared with other age groups
(Table 1).

A cross-analysis of gender and intention revealed that
the proportion of unintentional poisoning in hospita-
lized male patients was higher than in their female
counterparts (76.42% versus 69.11%), while the propor-
tions of intentional and unspecified poisoning were
higher in hospitalized female patients than in their male
counterparts (21.24% versus 15.19% and 9.64% versus
8.39%, respectively). With regard to hospitalization rate,
men demonstrated a 1.04 times higher rate of hospitali-
zation for poisoning than women (88.03 versus 84.78
per 100,000). A cross-analysis of age and intention
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showed that the 65 years or older and 45-64 year age
groups had significantly higher rates of hospitalization
for unintentional poisoning (291.58 and 90.87 per
100,000, respectively), and subjects aged 65 years or
older demonstrated the highest rate of hospitalization
for intentional poisoning (27.26 per 100,000) (Table 2).

Long-term trends

Between 1999 and 2008, there was an increasing trend
in overall poisoning mortality rate with a significant
47.2% increase (p = .002). Men demonstrated a larger
increase in mortality rate than women during this time
(57.6% versus 26.2%, p = .001 and .012, respectively)
(Figure 1a). There was also a rising trend in overall poi-
soning hospitalization rate, with a 79.1% increase, p <
.001. Men had a larger increase in hospitalization rate
than women (98.1% versus 61.4%, p < .001 and p = .001,
respectively) (Figure 1b).

The population aged 65 years or older demonstrated a
declining trend in mortality with a drop of 19.9% over
the 10-year period (p < .001). However, the 25-44 year
age group showed a rising trend in mortality rate, with
a 120.7% increase (p < .001), and in 2005, the rate in
this group surpassed that of subjects aged 65 years or
older to become the primary high-risk group for poison-
ing (Figure 2a). Considering hospitalization, the age

Table 1 Poisoning mortality rates by gender and age in Taiwan in 1999-2008 (per 100,000 population)

Types Age @D O0-4yrs @ 514yrs O 15-24yrs @ 25-44yrs ® 45-64yrs ® 2 65 yrs Total
Gender N Rate N Rate Rate N Rate N Rate N Rate N Rate
Unintentional Poisoning ***  Total 38 029 56 0.8 329 089 1939 259 766 156 460 218 3,589 145
@6 >06>000 Male 15 022 35 021 215 113 1562 412 622 254 268 255 2718 216
Female 23 036 21 014 114 063 377 102 144 058 192 183 871 073
Drugs *** Total 4 003 1 <001 181 048 1,729 152 181 035 70 033 1566 063
(E850-E858) Male 1002 1 001 121 063 953 253 155 062 38 036 1269 099
®>00606>00 Female 3 005 O 0 60 033 176 048 26 010 32 031 297 025
Other utility gas and CO ** Total 26 020 48 015 87 024 295 039 134 027 56 027 646 027
(E868) Male 9 013 32 019 46 025 196 052 99 040 36 033 418 034
@ > 0,060,000 Female 17 027 16 0.1 4 023 99 027 35 014 20 020 228 020
Pesticide *** Total 1001 0 0 27 008 164 022 206 044 196 093 594 024
(E863) Male 1001 0 0 24013 134 035 170 074 128 121 457 037
®>00000 Female 0 0 0 0 3 002 30 008 36 015 68 065 137 011
Intentional poisoning *** Total 25 019 29 009 840 224 6708 886 4578 944 2260 1063 14440 573
©®.6,0 > 00,0 Male 11 016 10 006 567 294 4829 1259 3279 1359 1308 1223 10004 788
Female 14 022 19 013 273 151 1,879 503 1299 534 952 901 4436 356
Not explicitly *** Total 11 009 14 004 158 042 1244 165 703 144 461 218 2591 103
®>006>000 Male 8 012 6 004 98 051 939 245 507 209 244 227 1,802 142
Female 3 005 0.05 60 033 305 082 196 080 217 208 789 064
Total *** Total 74 057 99 031 1327 355 9891 1310 6047 1243 3,155 1498 20620 821
®06 >0 >0,0 Male 34 050 51 031 880 457 7330 1916 4408 1821 1809 17.04 14,524 1146
Female 40 063 48 032 447 247 2561 688 1639 671 1346 1296 609 492

The data show only the top 3 agents of unintentional poisoning
ANOVA (*p < .05; **p < .01; ***p < 0.001), Scheffe’s post hoc comparisons
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Table 2 Poisoning hospitalization rates by gender and age in Taiwan in 1999-2008 (per 100,000 people)
Types Age ®O0-4yrs @ 5-14yrs @ 15-24yrs @ 25-44yrs ® 45-64yrs (® 2 65 yrs Total
Gender N Rate N Rate N Rate N Rate N Rate N Rate N Rate
Unintentional Poisoning***  Total 5455 4250 3,733 1190 9,026 2467 30047 3952 42670 9087 62,114 291.58 153,045 6331
®>06>0000 Male 3,034 4528 2,152 1319 4696 2494 16427 4259 23479 10120 32,724 30199 82512 6761
Female 2421 3946 1581 1051 4330 2439 13620 3636 19,191 8081 29390 281.02 70533 5898
Drugs *** Total 1,943 1486 398 127 2360 640 6303 840 4363 919 7563 3539 22930 0977
(E850-E858) Male 1,006 1470 220 135 951 500 2,714 715 2047 879 3580 3287 10518 888
®>0>00006 >0 Female 937 1504 178 1.18 1409 788 3589 969 2316 961 3983 3791 12412 1068
Animals and plants *** Total 179 139 353 112 634 173 2,757 361 3479 731 1,03 9.15 9,305 3.85
(E905) Male M1 164 237 144 508 269 2,137 553 2352 993 154 1097 6499 532
®>0>0>000 Female 68 11 116 0.77 126 071 620 164 1,127 473 749 7.31 2806 236
Pesticide *** Total 200 134 53 0.17 241 068 1588 208 2527 544 1,709 825 6,328 262
(E863) Male 131 1.63 33 0.20 188 099 1,186 308 1878 824 1,249 1201 4666  3.85
®>0>0>000 Female 69 1.02 20 013 63 035 402 1.06 648 2.71 460 445 1,662 1.38
Intentional poisoning *** Total 66 051 204 064 3249 1689 17114 2278 8681 1779 5770 2726 38084 1539
®,0,6 > 03,00 Male 44 0.65 65 039 2549 1335 6,753 1772 4137 1731 2856 2658 16404 1314
Female 22 036 139 090 3,700 2064 10361 2798 4544 1830 2914 2804 21680 1774
Not explicitly *** Total 278 217 215 068 1862 506 5723 759 4455 933 6359 2982 18892 766
®>®06 >000 Male 160 240 100 061 805 425 2636 689 2236 952 3,116 2879 9053 728
Female 118 191 115 076 1057 592 3087 830 2219 916 3243 3089 9839 806
Total *** Total 5799 4518 4,152 1322 17,137 4662 52,884 6989 55806 11799 74243 34867 210,021 86.36
®606 >0 >00 Male 3,238 4833 2317 1419 8050 4254 25816 6721 29852 12803 38696 35735 107,969 8803
Female 2,561 4174 1835 1217 9087 5095 27,068 7265 25954 10827 35547 33996 102,052 84.78

The data show only the top 3 agents of unintentional poisoning
ANOVA (*p < .05; **p < .01; ***p < 0.001), Scheffe’s post hoc comparisons

group of 65 years or older demonstrated the largest rise
in hospitalization rate, with an increase of 165.7% (p <
.001), followed by the 45-64 and 25-44 year age groups,
with increases of 96.1% and 30.8%, respectively (p < .001
and .055, respectively) (Figure 2b).

Mortality from unintentional poisoning declined by
35.8% between 1999 and 2008 (p < .001). While mortal-
ity from intentional poisoning showed an increase of
120.0% (p = .001), mortality from unspecified poisoning
decreased by 42.7%, but it failed to reach statistical sig-
nificance (p = .396) (data not shown). There was a

123.1% rise in the unintentional poisoning hospitaliza-
tion rate (p < .001), which was in line with the overall
hospitalization rate. While the intentional poisoning
hospitalization rate decreased by 23.3% (p = .151), the
unspecified poisoning hospitalization rate increased by
54.1% (p < .001) (data not shown).

After analyzing the causes of unintentional poisoning,
we found that the primary agent of unintentional poi-
soning was medicinal drugs, followed by carbon monox-
ide, and pesticides. While most causes of unintentional
poisoning demonstrated a decreasing trend in mortality
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rate, unintentional poisoning by medicinal drugs showed
a 51.9% increase (p < .001) (Figure 3a). Unintentional
poisoning by medicinal drugs constituted the leading
cause of hospitalization due to unintentional poisoning,
followed by venomous animals and plants, and pesti-
cides. In consideration of trends in hospitalization rates,
different methods of unintentional poisoning showed
varying 10-year trends (Figure 3b).

Discussion

Poisoning mortality and hospitalization by gender

Our analysis of overall poisoning mortality revealed that
men had higher poisoning mortality than women,
regardless of intention; this finding is consistent with
the 2000 WHO report that indicated a higher global
mortality from unintentional poisoning in men [1]. As
for hospitalization, we found that men had a higher rate
of hospitalization resulting from unintentional poison-
ing, and women had a higher rate of hospitalization
resulting from intentional poisoning; our findings dif-
fered somewhat from the previous literature. In the US,
both the 2001-2003 health statistics from Colorado [11],

and a study on emergency care data from 2001-2004
[12] indicated a higher poisoning hospitalization rate in
women than in men, regardless of intention.

Poisoning mortality and hospitalization by age

We found that older adults aged 65 years or older
showed the highest poisoning mortality among all age
groups, regardless of intention. Corresponding to our
finding, the 2000 WHO report also demonstrated that
subjects aged 80 years or older worldwide had the high-
est mortality rate from unintentional poisoning, followed
by subjects in the 45-59 and 60-69 year age groups [1].
On the other hand, our study was similar to previous
research in a hospital center in Taiwan, which showed
that the mortality risk in subjects aged 60 and older was
4.3 times more than in those aged under 60 [13]. How-
ever, some studies found different trends from ours. In
China, a hospital-based study found that the highest
rates of poisoning mortality were in adults aged 30-39
years [14]. In south India, a study of poisoning suicide
showed that youths aged 20-29 had the highest mortal-
ity rate [15]. Regarding poisoning mortality trends, our
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study found that the population aged 65 years or older
demonstrated a significantly declining trend in mortality;
the results were similar to the European study of Petri-
dou et al. [16].

Older adults aged 65 years or older demonstrated the
highest poisoning hospitalization rate among all age
groups, regardless of intention; this finding was different
from previous literature. The 2001-2003 health statistics
in Colorado in the US suggested that adolescents aged
15-19 years were at highest risk of hospitalization for
intentional poisoning, with 98.1 cases per 100,000 sub-
jects [11]. On the other hand, an epidemiological study
using emergency care data from 2001 to 2004 in Sri
Lanka revealed that adolescents aged 15-19 years demon-
strated the highest incidence of non-lethal intentional
poisoning (248 per 100,000 subjects), a rate that
decreased with age [17]. However, our study was similar
to previous research that showed the elderly aged 65 or
older had the highest medicinal drug poisoning hospitali-
zation rate [18]. The phenomenon may be related to the
fact that this population is less well educated and has a
lower literacy rate, resulting in a lack of knowledge and
skills related to handling items safely. In addition, the
existence of multiple illnesses, multiple drug medication
and poor physical conditions may also increase the risk
of hospitalization or mortality as a result of poisoning.

Poisoning mortality and hospitalization by intention

The majority of unintentional poisoning deaths was
caused by medicinal drugs, followed by carbon monox-
ide, and pesticides. The most frequent cause of uninten-
tional poisoning hospitalization was medicinal drugs,
followed by venomous animals and plants, and pesti-
cides. A number of previous studies showed similar
results that medicinal drugs [11,19-21] and pesticides
[13-15] were the primary causes of poisoning-related
mortality and hospitalization. This phenomenon may
result from the widespread prescribing and easy avail-
ability of medicinal drugs and pesticides, compared with
other poisoning methods. Therefore, the following dis-
cussion will focus on the long-term trends in poisoning
from medicinal drugs and pesticides.

Trends in mortality and hospitalization from poisoning by
medicinal drugs

This study revealed a rising trend in mortality and hos-
pitalization rates from unintentional poisoning caused
by medicinal drugs. This result was similar to a previous
study in Taiwan showing an increase in unintentional
drug poisoning mortality rate of 51.9% [18]. Since the
launch of the NHI in Taiwan in 1995, the general public
has had better access to prescription drugs, such as
sleeping pills, sedatives, and analgesics, which may
increase the possibility of drug misuse and increase
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mortality resulting from unintentional drug poisoning
[20]. The promulgation of the Drug Harvard Relief Act
in Taiwan in 2000 allows timely relief, without resorting
to lawsuits or pleads, to victims of unforeseeable adverse
reactions from proper use of legal drugs that results in
death, disability, or serious illness [21]. Therefore, the
launch of the Act may have encouraged reporting of
drug poisoning deaths and thus could have increased
the death count from unintentional drug poisoning.

Trends in mortality and hospitalization rates from
poisoning by pesticides

This study revealed decreasing trends between 1999 and
2008 in mortality and hospitalization rates from unin-
tentional poisoning by pesticides. In Korea from 1996 to
2005, mortality from pesticides rose for both genders
[22]. In Central America, there was also an increase in
both incidence and mortality rates of pesticide poisoning
from 1992 to 2000, which might be related to increased
pesticide imports during the same period of time [23].
In Thailand from 1987 to 1996, both injuries and deaths
from pesticide poisoning decreased; however, the num-
bers might be an underestimation because most locals
failed to seek medicinal help in the event of poisoning
[24]. In Japan from 1991 to 1996, poisoning by pesti-
cides was on the decline, which could result from the
decrease in paraquat poisoning [25].

As a result of social transformations in Taiwan in
recent years, the area of farmland has been decreasing.
The traditional agriculture-centered Taiwanese society
depends more and more on business, traditional indus-
try, and high-technology industry, and organic farming
has also gradually replaced traditional farming, resulting
in a large decrease in pesticide use. Between 1951 and
1992, the proportion of agricultural workers in the Tai-
wanese population decreased from 56% to 12%, while
that of industrial workers rose from 16% to 40% [26].
According to the 2009 statistics from the Council of
Agriculture, Executive Yuan, there has been a decreasing
trend in the amount of people employed in the agricul-
tural industry, from approximately 710,000 people in
2002 to about 540,000 people in June, 2009 [27]; this
trajectory has coincided with the increasing importance
attached to environmental protection and food safety
issues by the public. Since 1972, a total of 119 agricul-
tural chemicals have been banned due to high toxicity,
teratogenicity after long-term exposure, tumorigenicity,
and/or environmental pollution [28]. The abovemen-
tioned reasons may well account for the decline in pesti-
cide poisoning mortality rate.

Limitations
The variables analyzed in this study were limited by the
cause-of-death statistics in Taiwan and the
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hospitalization data retrieved from the NHI Research
Database. Certain information was not available, such as
clinical biochemistry data, education level of subjects,
smoking habits, and use of alcohol.

Our study was limited with regards to cause-of-death
statistics; when registering the cause of death, the
Department of Health only records the first three digits
of the E-Codes. The absence of the fourth digit hindered
us from extracting additional detailed information. For
example, we were unsuccessful in differentiating
between organic phosphorus pesticides and organic
chlorine pesticides in agricultural chemical poisoning
cases and were unable to compare the mortality data
against the hospitalization data.

After an injury, posttraumatic care can be categorized
into no medical care or self-care, outpatient care, emer-
gency care, inpatient care, and death. However, because
the outpatient and emergency treatment data provided
by the NHI Research Database failed to include E-
Codes, we were unable to classify those patients receiv-
ing such care by the poisoning method based on the
ICD-9-CM system. As a result, only deaths and hospita-
lized patients for poisoning injuries were analyzed in
this study, while those receiving other types of care
were excluded.

Conclusions

Males demonstrated higher rates of poisoning mortality
and hospitalization than females in Taiwan between
1999 and 2008. The most affected age group was 65
years or older. The main agents causing death were
medicinal drugs, carbon monoxide and pesticides, while
the main agents resulting in hospitalization were medic-
inal drugs, venomous animals/plants, and pesticides.
Hospitalization rates increased more than mortality
rates over the 10 years.

The results indicated that more attention should be
paid to prevention of poisoning in the public health sys-
tem in Taiwan. In addition, we should adopt the sugges-
tions of Bose et al. [29] to strengthen case management
and access to health services to improve survival in
cases of poisoning.
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