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ABSTRACT
Objective To examine unintentional alcohol and drug
poisoning in association with substance use disorders
(SUDs) and mood and anxiety disorders.
Method International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) external-
cause-of-injury codes on discharge records of patients
ages 12+ years from the 2010 Nationwide Inpatient
Sample were examined to identify cases with
unintentional alcohol poisoning (E860) and/or drug
poisoning (E850–E858). ICD-9-CM diagnosis codes were
examined to identify comorbid alcohol dependence, drug
dependence, tobacco use disorder, and mood/anxiety
disorders. Poisson regression was used to derive risk
ratios to assess the associations between these comorbid
conditions and alcohol/drug poisoning.
Results Estimated numbers of hospitalisations related
to unintentional alcohol and drug poisoning were,
respectively, 5623 and 60 423 in men, and 3147 and
68 568 in women. For both sexes, the proportion with
SUDs or mood/anxiety disorders was significantly higher
among inpatients with alcohol and drug poisoning than
among all inpatients. Estimated risk ratios indicated
strong relationships of SUDs and mood/ anxiety disorders
with unintentional poisoning from alcohol and drugs.
The strongest association was between alcohol
dependence and alcohol poisoning for both sexes.
Significant associations also existed between drug
dependence and drug poisoning, and mood/anxiety
disorders and poisoning from alcohol and drugs.
Conclusions SUDs and mood/anxiety disorders are key
risk factors for unintentional poisoning by alcohol and
drugs among inpatients in the USA. Effective treatments
of these disorders should be targeted as poisoning
prevention efforts. Future studies are needed to clarify
a potential bias in the data due to differential inpatient
mental condition screening practices.

INTRODUCTION
Poisoning death rates have increased significantly in
the USA, nearly tripling from 4.8/100 000 popula-
tion in 1980 to 13.5/100 000 in 2008. The public
health implication of this increase is even greater
when compared with motor vehicle traffic death
rates, which decreased by almost a half from 22.9/
100 000 to 12.5/100 000 during the same period.1

In 2009, unintentional poisoning became the
second leading cause of unintentional injury
deaths, after motor vehicle crashes. Notably, most
poisoning deaths were unintentional,2 and over
90% of fatal poisoning cases were from drugs and

alcohol. The increase in unintentional poisoning
fatalities was largely from prescription opioids and
benzodiazepines.3

Research has indicated that acute poisoning
occurs mainly as a consequence of substance use
disorders (SUDs),4 5 which often co-occur with
mood and anxiety disorders.6–11 Moreover, indivi-
duals with mood and anxiety disorders are likely to
be prescribed with high doses of opioids or other
psychotropic medications.12 Some studies have
found SUDs and mental disorders common among
drug poisoning decedents.13–15 Individuals with
SUDs or in mental distress had increased risk for
unintentional poisoning.16–18

To date, little nationally representative data exist
on associations between drug poisoning and psychi-
atric disorders among non-fatal cases. Studies that
have examined these associations often ignored
alcohol involvement, although studies of poisoning
fatalities have found a high co-occurrence of
alcohol and drug use among poisoning dece-
dents,14 19–21 as well as elevated risk of poisoning
fatality from pharmacological interaction of concur-
rent use of alcohol and illicit or prescription
drugs.22–25 The current study’s objective is to use
nationally representative hospitalisation data to
examine (1) associations of unintentional alcohol
and drug poisoning with SUDs and mood and
anxiety disorders; and (2) potential gender differ-
ences in these associations.

METHODS
Data sources
This study uses data from the 2010 Nationwide
Inpatient Sample (NIS), the largest all-payer
inpatient-care database in the USA. The NIS is part
of the Healthcare Cost and Utilisation Project spon-
sored by the Agency for Healthcare Research and
Quality of the US Department of Health and
Human Services. In 2010, 45 States (comprising
over 96% of the US population) participated in the
NIS, which included 7.8 million records of hospital
discharges from 1051 hospitals, approximately a
20% stratified sample of all US community
hospitals.26

Case identification
In the 2010 NIS, each patient discharge record
contains up to 25 diagnoses based on the
International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). Each
also contains up to four ICD-9-CM
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external-cause-of-injury codes (E-codes), which record the
mechanism (eg, motor-vehicle or drug poisoning) and intent (ie,
intentional or unintentional) of the injury. In ICD-9-CM
E-codes, alcohol poisoning can only be coded as ‘unintentional,’
while drug poisonings can be ‘unintentional,’ ‘intentional,’ or
‘intent undetermined.’ Table 1 lists the ICD-9-CM codes used
in our analysis. We searched all-listed E-codes to identify all
cases with unintentional alcohol poisoning (E860) and/or unin-
tentional drug poisoning (E850–E858), except those with
co-occurring suicide or self-inflicted injuries (E950–E959). We
also used diagnosis codes to help identify poisoning by specific
type of drugs, because many unintentional patients with drug-
poisoning were poisoned from more than four drugs. For cases
with multiple poisoning diagnoses, if some diagnoses had no
associated E-codes, the intent of these diagnoses was determined
through available E-codes on the same discharge record. We
used all-listed diagnosis codes to identify comorbid psychiatric
disorders, including alcohol dependence syndrome, drug
dependence, tobacco use disorder, as well as bipolar, depressive
and anxiety disorders.

Because mental disorders comorbid with SUDs or uninten-
tional alcohol and drug poisoning were rare among children, we
excluded patients under age 12 years. Our study sample
included 6 686 905 remaining discharges (excluding 0.12%
cases without valid reports of sex). Of these, 1757 cases had a
diagnosis of unintentional alcohol poisoning, and 25 792 had a
diagnosis of unintentional drug poisoning. Among these, we
further identified three mutually exclusive groups: (1) uninten-
tional alcohol poisoning only (996 alcohol poisoning cases
without any co-occurring drug poisoning); (2) unintentional
drug poisoning only (24 893 drug poisoning cases without any
co-occurring alcohol poisoning); and (3) unintentional poison-
ing by alcohol and drugs (648 cases). Unintentional drug

poisoning was further classified into nine categories by specific
drug. These include eight psychoactive drug categories—illicit
opioids (N=2838), prescription opioids (N=6769), non-opioid
analgesics (N=3217), sedatives and hypnotics (N=2242), tran-
quilisers (N=5436), antidepressants (N=1152), other psycho-
tropic agents (N=3973) and other drugs acting on the central
nervous system (N=2350)—and one ‘other drugs’ category
(antibiotics, anti-infectives and all other drugs) (N=6531) (see
table 1 for detail).

Statistical analysis
To produce nationally representative estimates, we analysed data
using SAS (V.9.2, SAS Institute Inc, Cary, North Carolina, USA),
a statistical software capable of handling the stratified sampling
design of NIS and incorporating discharge weights into its pro-
cedures. Descriptive estimates are presented along with their
95% CIs. Cross-tabulation was used to examine how SUDs and
mood and anxiety disorders were distributed across uninten-
tional alcohol and/or drug poisoning and all hospitalisations.
The strength of associations between alcohol/drug poisoning
and psychiatric disorders was further quantified by the adjusted
prevalence ratio (or risk ratio (RR)) of cases with a particular
type of psychiatric disorder to those without it, estimated from
three Poisson regression models. In these models, the dependent
variable was the three dichotomous poisoning outcomes: unin-
tentional alcohol poisoning only, unintentional drug poisoning
only, and unintentional alcohol and drug poisoning, with no
alcohol or drug poisoning as the base group. The covariates in
the models included patient’s age, race, primary payer, census
region, location of residence and median income of patient’s
ZIP Code. Similarly, eight Poisson regression models—corre-
sponding to the eight categories of specific drugs, with ‘other
drugs’ as the base category in each model—were used to

Table 1 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes used in this study

Description ICD-9-CM codes

Poisoning-related diagnoses
Unintentional alcohol poisoning E860
Unintentional drug poisoning E850–E858

Illicit opioids (including opium and heroin) E850.0 (965.00, 965.01)*
Prescription opioids (including methadone, and other opiates and related narcotics) E850.1–E850.2 (965.02, 965.09)*
Non-opioid analgesics E850.3–E850.9 (965.1–965.9)*
Sedatives/hypnotics (including barbiturates) E851–E852, 967*
Tranquilisers (including benzodiazepines) E853 (969.1–969.5)*

Antidepressants E854.0, 969.0*
Other psychotropic agents E854.1–E854.8 (969.6–969.9)*
Drugs acting on central and autonomic nervous system E855 (966, 968, 971)*
Other drugs (antibiotics, other anti-infectives and all other drugs†) E856–E858 (960–964, 972–979)*

Substance use disorder-related diagnoses
Alcohol dependence syndrome 303.0–303.9
Drug dependence 304.0–304.9
Tobacco use disorder 305.1

Mood and anxiety disorder-related diagnoses
Bipolar disorders 296.0–296.1, 296.4–296.9
Depressive disorders 293.83, 296.2, 296.3, 300.4, 311
Anxiety disorder 293.84, 300.0–300.3, 300.5, 300.89, 300.9, 308, 309.81, 313

(minus 313.23, 313.81, 313.89, 313.9)

*When external-cause-of-injury codes (E-codes) for poisoning by the specific type of drug were not available, these additional diagnosis codes were used to identify the drug type.
†‘All other drugs’ include hormones and synthetic substitutes; primarily systemic agents; agents affecting blood constituents, cardiovascular system, gastrointestinal system, smooth and
skeletal muscles and respiratory system, skin and mucous membrane, and ophthalmological, otorhinolaryngological and dental drugs; water, mineral and uric acid metabolism drugs;
and other specified/unspecified drugs.
Source: Commission on Professional and Hospital Activities.39 The International Classification of Diseases, Ninth Revision, Clinical Modification. Ann Arbor, Michigan, 1978.
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compare relative risk associated with specific psychiatric disor-
ders for being poisoned by specific types of drugs among cases
with any unintentional drug poisoning. The ‘other drugs’ cat-
egory is the base category, because these drugs are mainly used
to treat physiological symptoms. This contrasts with the eight
psychoactive drug categories mainly for treating mental disor-
ders or pain—drugs more subject to abuse, more potentially
addictive, and most relevant to the disorders our study focuses
on. These models included an additional covariate, multidrug
poisoning, dummy-coded for more than one type of drug poi-
soning. To detect potential gender differences, all results were
obtained for men and women separately.

RESULTS
As shown in table 2, in 2010, the estimated number of hospitali-
sations related to unintentional alcohol poisoning was 5623 in
men and 3147 in women. The estimated number of hospitalisa-
tions related to unintentional drug poisoning was 60 423 in
men and 68 568 in women. Half of hospitalisations with drug
poisoning resulted from prescription opioids, sedatives and hyp-
notics, tranquilisers and antidepressants for men and women.

Prevalence of SUDs and mood and anxiety disorders among
unintentional alcohol poisoning-related and drug
poisoning-related hospitalisations
Table 3 shows that the proportion of men with any diagnosis of
SUDs and mood and anxiety disorders was about twice as high
in alcohol-poisoning and drug-poisoning cases as in all hospitali-
sations. Among women, the difference was even larger. The
prevalence of alcohol dependence was significantly higher
among alcohol poisoning-related hospitalisations (52.5% and
39.5% for men and women, respectively) than among drug
poisoning-related ones, whereas prevalence of drug dependence
was significantly higher among drug poisoning-related hospitali-
sations (13.5% and 10.6% for men and women, respectively)
than among alcohol-poisoning ones. For mood and anxiety dis-
orders, prevalence across the three poisoning groups was more

similar and always much higher than that among all hospitalisa-
tions, regardless of sex.

For patients hospitalised with alcohol and drug poisoning, the
pattern of distribution for SUDs and mood and anxiety disor-
ders was more similar to that in alcohol-poisoning cases than in
drug-poisoning cases.

Associations of SUDs and mood and anxiety disorders with
unintentional alcohol-poisoning and drug-poisoning
hospitalisations
Table 4 shows that adjusted RRs were greater than 1 and statis-
tically significant for most SUDs and mood and anxiety disor-
ders, suggesting strong relationships of SUDs and mood and
anxiety disorders with hospitalisations for unintentional poison-
ing from alcohol and drugs. Patients with alcohol dependence
were significantly more likely to be hospitalised for alcohol poi-
soning alone than those without alcohol dependence (RR
13.16, 95% CI 12.18 to 14.23 for men and RR 30.18, 95% CI
26.51 to 34.36 for women). Alcohol dependence also had a
strong, albeit smaller, association with poisoning from alcohol
and drugs (RR 3.39, 95% CI 3.02 to 3.81 for men and RR
8.16, 95% CI 7.11 to 9.36 for women). Note that the RRs of
alcohol dependence for alcohol poisoning only as well as for
poisoning from alcohol and drugs among women was more
than double that among men. Similarly, although smaller, a sig-
nificant association existed between drug dependence and drug
poisoning (RR 2.94, 95% CI 2.86 to 3.02 for men and RR
3.80, 95% CI 3.70 to 3.91 for women).

Compared with RRs for SUDs, RRs for mood and anxiety
disorders generally were somewhat smaller. However, patients
with mood and anxiety disorders were more likely to be hospi-
talised for drug poisoning than for alcohol poisoning. Bipolar
disorder had a stronger association with drug poisoning (RR
2.09, 95% CI 2.03 to 2.15 for men and RR 3.53, 95% CI 3.44
to 3.62 for women) than depressive or anxiety disorders,
whereas depressive disorder had a stronger association with
alcohol poisoning (RR 1.51, 95% CI 1.39 to 1.65 for men and

Table 2 Estimated number of hospitalisations related to unintentional poisoning by alcohol and drug for patients aged 12 years or older,
Nationwide Inpatient Sample, USA, 2010

Hospitalisations with

Male Female

N Estimated number (95% CI) N Estimated number (95% CI)

Unintentional alcohol poisoning 1125 5623 (4316 to 6930) 632 3147 (2558 to 3735)
Unintentional alcohol poisoning only* 687 3426 (2344 to 4509) 309 1540 (1108 to 1973)

Unintentional drug poisoning 12063 60423 (55181 to 65666) 13729 68568 (64284 to 72851)
Unintentional drug poisoning only† 11550 57853 (52823 to 62883) 13343 66648 (62489 to 70807)

Unintentional poisoning by alcohol and drug‡ 367 1841 (1537 to 2144) 281 1394 (1167 to 1620)

Unintentional poisoning by specific drugs
Illicit opioid 1475 7399 (6528 to 8269) 1363 6834 (6106 to 7561)
Prescription opioid 3051 15206 (13903 to 16508) 3718 18520 (17172 to 19868)
Non-opioid analgesics 1181 5881 (5333 to 6429) 2036 10156 (9340 to 10971)
Sedatives/hypnotics 843 4200 (3788 to 4612) 1399 6941 (6353 to 7529)
Tranquilisers 2427 12121 (11054 to 13187) 3009 15015 (13865 to 16165)
Antidepressants 429 2129 (1880 to 2378) 723 3571 (3196 to 3945)
Other psychotropic agents 2514 12777 (9567 to 15987) 1459 7378 (5905 to 8850)
Drugs acting on central and autonomic nervous system 1108 5511 (4933 to 6089) 1242 6186 (5673 to 6699)
Other drugs (antibiotics, other anti- infectives and all other drugs) 2924 14588 (13616 to 15561) 3607 18004 (16896 to 19111)

Total hospital discharges 2715067 13605452 (13067549 to 14143354) 3971838 19844133 (19097199 to 20591067)

*Unintentional alcohol poisoning cases without any type of co-occurring drug poisoning.
†Unintentional drug poisoning cases without any type of co-occurring alcohol poisoning.
‡The overlapping cases of unintentional alcohol poisoning and unintentional drug poisoning.
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Table 3 Percentage of hospitalisations with any diagnosis of substance use disorders and mood and anxiety disorders, by unintentional
alcohol and drug poisoning status, for patients aged 12 years or older, Nationwide Inpatient Sample, USA, 2010

Substance use disorders and mood
and anxiety disorders

Hospitalisations

All
Unintentional alcohol
poisoning only*

Unintentional drug
poisoning only†

Unintentional poisoning
by alcohol and drug

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

Male
Substance use disorder
Alcohol dependence 5.3 (4.9 to 5.7) 52.5 (38.5 to 66.4) 8.0 (7.2 to 8.7) 25.4 (20.6 to 30.1)
Drug dependence 2.6 (2.2 to 3.0) 5.5 (1.5 to 9.5) 13.5 (11.8 to 15.2) 7.4 (4.6 to 10.2)
Tobacco use disorder 17.7 (17.0 to 18.3) 33.4 (24.9 to 41.8) 31.5 (29.8 to 33.2) 33.8 (28.8 to 38.9)
Any of the above disorders 21.9 (21.1 to 22.7) 62.5 (47.5 to 77.5) 42.5 (40.4 to 44.5) 52.4 (47.0 to 57.8)

Mood and anxiety disorder
Bipolar disorder 3.5 (3.3 to 3.7) 6.8 (4.0 to 9.7) 10.8 (10.1 to 11.4) 12.3 (9.0 to 15.7)
Depressive disorder 10.0 (9.7 to 10.4) 21.5 (16.4 to 26.6) 18.6 (17.5 to 19.7) 21.0 (16.3 to 25.6)
Anxiety disorder 5.0 (4.8 to 5.1) 6.4 (4.2 to 8.5) 9.7 (8.9 to 10.5) 11.7 (8.5 to 14.9)
Any of the above disorders 16.9 (16.3 to 17.4) 31.3 (24.5 to 38.2) 34.8 (33.4 to 36.3) 38.1 (32.0 to 44.2)

Any mental or substance use disorder 32.9 (32.0 to 33.7) 69.1 (55.0 to 83.2) 59.2 (57.6 to 60.8) 67.6 (62.6 to 72.5)
Female

Substance use disorder
Alcohol dependence 1.4 (1.3 to 1.5) 39.5 (28.6 to 50.4) 3.7 (3.3 to 4.0) 26.6 (21.1 to 32.2)
Drug dependence 1.4 (1.3 to 1.5) 4.5 (0.2 to 8.9) 10.6 (9.7 to 11.6) 8.8 (5.6 to 12.1)
Tobacco use disorder 10.1 (9.7 to 10.5) 29.6 (21.3 to 37.9) 26.5 (25.2 to 27.9) 39.1 (33.3 to 44.9)
Any of the above disorders 11.7 (11.2 to 12.1) 53.3 (40.0 to 66.6) 34.6 (33.2 to 36.1) 58.2 (52.2 to 64.2)

Mood and anxiety disorder
Bipolar disorder 3.5 (3.3 to 3.7) 10.0 (6.3 to 13.7) 14.1 (13.3 to 14.8) 15.9 (11.7 to 20.1)
Depressive disorder 13.1 (12.7 to 13.5) 30.0 (22.5 to 37.5) 29.2 (28.0 to 30.4) 33.3 (27.5 to 39.1)

Anxiety disorder 6.7 (6.4 to 6.9) 12.7 (7.8 to 17.6) 13.8 (13.0 to 14.6) 11.7 (8.0 to 15.4)
Any of the above disorders 20.9 (20.3 to 21.5) 44.0 (34.2 to 53.9) 49.5 (48.1 to 51.0) 55.4 (49.4 to 61.4)

Any mental or substance use disorder 27.7 (27.0 to 28.5) 66.8 (54.0 to 79.5) 62.9 (61.5 to 64.3) 81.0 (76.0 to 86.0)

*Unintentional alcohol poisoning cases without any type of co-occurring drug poisoning.
†Unintentional drug poisoning cases without any type of co-occurring alcohol poisoning.

Table 4 Adjusted risk ratios (RR)† for unintentional poisoning by alcohol and drugs among hospitalisations of patients aged 12 years or older,
Nationwide Inpatient Sample, USA, 2010

Substance use disorders and mood
and anxiety disorders

Unintentional alcohol poisoning
only versus no alcohol/drug
poisoning

Unintentional drug poisoning
only versus no alcohol/drug
poisoning

Unintentional poisoning by
alcohol and drug versus no
alcohol/drug poisoning

RR 95% CI RR 95% CI RR 95% CI

Male
Substance use disorder
Alcohol dependence 13.16 *** 12.18 to 14.23 0.71 *** 0.69 to 0.74 3.39 *** 3.02 to 3.81
Drug dependence 0.44 *** 0.37 to 0.51 2.94 *** 2.86 to 3.02 0.90 0.75 to 1.08

Tobacco use disorder 1.04 0.96 to 1.12 1.44 *** 1.41 to 1.46 1.14 * 1.03 to 1.26
Mood and anxiety disorder
Bipolar disorder 0.96 0.83 to 1.10 2.09 *** 2.03 to 2.15 2.02 *** 1.74 to 2.35
Depressive disorder 1.51 *** 1.39 to 1.65 1.86 *** 1.82 to 1.90 1.87 *** 1.66 to 2.11
Anxiety disorder 0.88 0.76 to 1.01 1.39 *** 1.35 to 1.43 1.50 *** 1.29 to 1.73

Female
Substance use disorder
Alcohol dependence 30.18 *** 26.51 to 34.36 0.82 *** 0.79 to 0.86 8.16 *** 7.11 to 9.36
Drug dependence 0.41 *** 0.32 to 0.53 3.80 *** 3.70 to 3.91 1.23 * 1.01 to 1.50
Tobacco use disorder 1.49 *** 1.32 to 1.69 1.81 *** 1.77 to 1.84 2.21 *** 1.96 to 2.49

Mood and anxiety disorder
Bipolar disorder 1.35 ** 1.12 to 1.61 3.53 *** 3.44 to 3.62 3.03 *** 2.57 to 3.57
Depressive disorder 1.93 *** 1.70 to 2.18 2.51 *** 2.47 to 2.56 2.83 *** 2.50 to 3.21
Anxiety disorder 1.18 * 1.01 to 1.38 1.34 *** 1.31 to 1.37 0.90 0.77 to 1.07

†Estimated from Poisson regression adjusting for patient’s age, race, primary payer, census region, location of residence, and median income of patient’s ZIP Code.
***p<0.001; **p<0.01; *p<0.05.
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RR 1.93, 95% CI 1.70 to 2.18 for women), regardless of sex.
For men, only the RR of depressive disorder was greater than 1
for alcohol poisoning, but the RRs of all three mood and
anxiety disorders were greater than 1 for drug poisoning and
poisoning from alcohol and drugs. For women, mood and
anxiety disorders had strong and positive effects on all three
poisoning categories, except for anxiety disorder on the com-
bined poisoning category. Generally, the effect of SUDs and

mood and anxiety disorders was stronger for women than for
men.

Associations of SUDs and mood and anxiety disorders with
unintentional poisoning hospitalisation by specific drug
Table 5 presents RRs estimated from eight Poisson regression
models, adjusting for the same covariates as in table 4, plus
alcohol and multidrug poisoning. Each of these models used

Table 5 Adjusted risk ratios (RR)† for poisoning by specific drugs versus other drug poisoning among unintentional drug poisoning related
hospitalisations of patients aged 12 years or older, Nationwide Inpatient Sample, USA, 2010

Substance use disorders and
mood and anxiety disorders

Unintentional poisoning by

Illicit opioid Prescription opioids Non-opioid analgesics Sedatives and hypnotics

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Male
Alcohol dependence 0.91 * 0.83 to 0.99 0.89 *** 0.83 to 0.95 1.17 *** 1.07 to 1.27 0.88 * 0.78 to 0.99
Drug dependence 1.90 *** 1.80 to 2.01 1.48 *** 1.42 to 1.54 1.22 *** 1.12 to 1.33 1.34 *** 1.21 to 1.49
Tobacco use disorder 1.19 *** 1.14 to 1.26 1.14 *** 1.10 to 1.19 1.29 *** 1.22 to 1.36 1.10 * 1.02 to 1.18
Bipolar disorder 0.94 0.87 to 1.02 0.99 0.94 to 1.05 1.08 0.99 to 1.18 1.46 *** 1.32 to 1.61
Depressive disorder 1.04 0.98 to 1.11 1.10 *** 1.05 to 1.15 1.22 *** 1.15 to 1.30 1.47 *** 1.36 to 1.58
Anxiety disorder 0.95 0.88 to 1.03 1.02 0.97 to 1.08 0.95 0.87 to 1.04 1.22 *** 1.11 to 1.34
Alcohol poisoning 1.10 0.97 to 1.25 1.10 1.00 to 1.22 0.96 0.82 to 1.12 1.44 *** 1.21 to 1.71
Multidrug poisoning 1.59 *** 1.52 to 1.67 1.43 *** 1.39 to 1.48 1.30 *** 1.23 to 1.37 1.65 *** 1.55 to 1.76

Tranquilisers Antidepressants Other psychotropic agents Nervous system

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Alcohol dependence 1.08 * 1.01 to 1.15 1.21 ** 1.05 to 1.39 1.01 0.95 to 1.07 1.08 0.98 to 1.19
Drug dependence 1.20 *** 1.14 to 1.26 1.09 0.95 to 1.25 1.29 *** 1.23 to 1.35 1.03 0.93 to 1.13
Tobacco use disorder 1.08 *** 1.04 to 1.12 1.03 0.94 to 1.14 1.23 *** 1.19 to 1.28 1.21 *** 1.14 to 1.29

Bipolar disorder 1.41 *** 1.34 to 1.49 2.79 *** 2.46 to 3.17 1.21 *** 1.14 to 1.28 1.43 *** 1.32 to 1.55
Depressive disorder 1.32 *** 1.27 to 1.38 2.82 *** 2.56 to 3.12 0.91 *** 0.86 to 0.96 1.01 0.94 to 1.09
Anxiety disorder 1.24 *** 1.18 to 1.31 1.09 0.96 to 1.24 1.05 0.98 to 1.12 0.98 0.89 to 1.08
Alcohol poisoning 1.27 *** 1.17 to 1.39 1.12 0.88 to 1.42 1.34 *** 1.23 to 1.46 0.83 0.69 to 1.01
Multidrug poisoning 2.08 *** 2.00 to 2.16 2.99 *** 2.73 to 3.27 1.34 *** 1.29 to 1.39 1.71 *** 1.62 to 1.81

Substance use disorders and
mood and anxiety disorders

Unintentional poisoning by

Illicit opioid Prescription opioids Non-opioid analgesics Sedatives and hypnotics

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Female
Alcohol dependence 1.07 0.96 to 1.20 0.93 0.86 to 1.01 1.29 *** 1.18 to 1.40 0.79 ** 0.68 to 0.93
Drug dependence 1.92 *** 1.81 to 2.05 1.50 *** 1.44 to 1.56 1.26 *** 1.18 to 1.36 1.60 *** 1.48 to 1.74
Tobacco use disorder 1.41 *** 1.34 to 1.49 1.22 *** 1.18 to 1.26 1.19 *** 1.14 to 1.25 1.09 ** 1.03 to 1.16
Bipolar disorder 1.00 0.93 to 1.08 1.05 * 1.01 to 1.10 1.01 0.95 to 1.08 1.19 *** 1.10 to 1.29
Depressive disorder 1.06 * 1.00 to 1.12 1.12 *** 1.08 to 1.15 1.18 *** 1.13 to 1.23 1.43 *** 1.36 to 1.51
Anxiety disorder 0.96 0.90 to 1.03 1.01 0.97 to 1.06 0.99 0.94 to 1.05 1.02 0.95 to 1.09
Alcohol poisoning 1.15 0.98 to 1.35 1.08 0.96 to 1.21 1.00 0.86 to 1.16 1.13 0.94 to 1.37
Multidrug poisoning 1.81 *** 1.72 to 1.90 1.40 *** 1.35 to 1.44 1.36 *** 1.30 to 1.41 1.58 *** 1.50 to 1.66

Tranquilisers Antidepressants Other psychotropic agents Nervous system

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Alcohol dependence 1.14 *** 1.06 to 1.22 1.31 *** 1.14 to 1.52 0.95 0.85 to 1.06 1.00 0.87 to 1.15
Drug dependence 1.26 *** 1.20 to 1.32 1.20 ** 1.06 to 1.36 1.47 *** 1.38 to 1.56 1.33 *** 1.21 to 1.45
Tobacco use disorder 1.17 *** 1.12 to 1.21 1.16 *** 1.07 to 1.25 1.39 *** 1.32 to 1.46 1.28 *** 1.20 to 1.35
Bipolar disorder 1.51 *** 1.45 to 1.58 2.03 *** 1.84 to 2.24 1.29 *** 1.22 to 1.37 1.27 *** 1.18 to 1.37
Depressive disorder 1.40 *** 1.35 to 1.45 2.18 *** 2.02 to 2.36 0.94 * 0.88 to 0.99 1.09 ** 1.02 to 1.16
Anxiety disorder 1.24 *** 1.19 to 1.29 1.09 0.99 to 1.19 0.92 * 0.85 to 0.99 0.99 0.92 to 1.07
Alcohol poisoning 1.36 *** 1.26 to 1.48 1.49 *** 1.23 to 1.79 1.34 *** 1.17 to 1.53 0.82 0.66 to 1.02
Multidrug poisoning 2.11 *** 2.04 to 2.18 3.02 *** 2.82 to 3.24 1.48 *** 1.41 to 1.55 2.03 *** 1.93 to 2.13

†Estimated from Poisson regression adjusting for patient’s age, race, primary payer, census region, location of residence and median income of patient’s ZIP Code.
***p<0.001; **p<0.01; *p<0.05.
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poisoning by a specific drug category versus poisoning by ‘other
drugs’ as the dependent variable.

Overall, about two-thirds of the adjusted RRs are greater than
1 and statistically significant, suggesting a strong and positive
effect of SUDs, mood and anxiety disorders, alcohol poisoning
and multidrug poisoning on poisoning from specific drugs
versus poisoning from other drugs.

The effects of alcohol dependence on unintentional poisoning
by non-opioid analgesics, tranquilisers and antidepressants were
positive regardless of sex. Patients with drug dependence or
tobacco use disorder generally were also more likely to have
unintentional poisoning from the specific drugs than from other
drugs, with few exceptions. Thus, there was no significant effect
of drug dependence on poisoning by antidepressants or nervous
system drugs and no significant effect of tobacco use disorder
on poisoning by antidepressants among men.

Overall, associations between mood and anxiety disorders
and unintentional poisoning by specific drugs were quite similar
to that for SUDs, except that mood and anxiety disorder
patients were no more likely to have poisoning by illicit opioids
than patients without those disorders. For men and women,
bipolar disorder was associated with a marked increase in preva-
lence of unintentional poisoning by sedatives and hypnotics,
psychotropic agents and drugs affecting the nervous system;
depressive disorder was associated with increased risks for unin-
tentional poisoning by prescription opioids, non-opioid analge-
sics, sedatives and hypnotics, tranquilisers and antidepressants.
For women, bipolar disorder was also associated with poisoning
by prescription opioids, and depressive disorder was associated
with poisoning by drugs affecting the nervous system. Anxiety
disorder was associated with increased risks for unintentional
poisoning by sedatives and hypnotics as well as tranquilisers for
men, but only with that of tranquilisers for women.

In men, the RRs of alcohol poisoning were significantly
greater than 1 for poisoning by sedatives/hypnotics, tranquilisers
and other psychotropic agents, whereas in women they were sig-
nificant only for poisoning by psychotropic agents (ie, tranquili-
sers, antidepressants and other psychotropic agents). The RR of
multidrug poisoning was greater than 1 and statistically signifi-
cant for all eight drug categories, with the largest for poisoning
by antidepressants and tranquilisers.

DISCUSSION
This study is among the first to provide population-based evi-
dence from a nationally representative sample of hospital
records to establish SUDs and mood and anxiety disorders as
key risk factors for unintentional poisoning by alcohol and dif-
ferent classes of drugs among US inpatients. Notably, we found
that prevalence of SUDs and mood and anxiety disorders was
much higher in patients with alcohol and/or drug poisoning
than in patients without any alcohol or drug poisoning.
Adjusted for sociodemographic characteristics, alcohol depend-
ence was a strong predictor for alcohol poisoning and poisoning
from combined use of alcohol and drugs, and, to a lesser
degree, drug dependence was a predictor for drug. Similarly,
mood and anxiety disorders increased risk for alcohol and drug
poisoning. While previous studies have similarly identified SUDs
and mental health as risk factors for drug poisoning among
special subpopulations, such as veterans,13 women of reproduct-
ive age,27 28 and illicit drug users,16–18 the current study
furthers these observations to establish this relationship in the
general population.

Our results indicate that alcohol dependence poses a much
greater risk for alcohol poisoning among women than among

men. This is consistent with the literature on gender differences
in alcohol metabolism. In particular, women achieve higher
blood alcohol concentrations and become more impaired than
men after drinking equivalent amounts of alcohol.29 This likely
puts alcohol-dependent women at greater risk for alcohol poi-
soning. Women are also more exposed to psychoactive medica-
tions than men,30 31 and therefore at higher risk for alcohol-drug
interactions. Among patients hospitalised with alcohol depend-
ence and alcohol poisoning, a larger proportion of women than
men were also poisoned by psychotropic drugs, particularly
benzodiazepine-based tranquilisers (data not shown).

Our findings also suggest that morbidity risk varies across poi-
soning by specific drugs for individuals with SUDs and mood
and anxiety disorders. In particular, patients with mood or
anxiety disorders were at higher risk for poisoning by medica-
tions intended to treat their respective mental health problems,
such as sedatives and hypnotics, tranquilisers, antidepressants,
other psychotropic agents, and drugs affecting the central and
autonomic nervous system. Although our analyses do not shed
light on why patients with mood or anxiety disorders are more
likely to be poisoned by the medicines intended to treat their
conditions, we offer three possible explanations. First, Motjabai
and Olfson32 reported that multiple medication use involving
antidepressant and antipsychotic medications has significantly
increased, although some combinations have unproven efficacy
in clinical trials. These trends put patients at increased risk of
drug–drug interactions with uncertain gains for quality of care
and clinical outcomes. Second, lack of compliance among some
patients with mental-disorder with pharmacotherapy guidelines
can result in excessive intake of medications.33 Some studies
show that patients with bipolar disorder are particularly poor
at following pharmacotherapeutic guidelines.34 35 Third, previ-
ous studies have shown that SUDs and mental disorders are
frequently associated with physical pain. Many physicians
now prescribe opioid painkillers more liberally to treat
non-cancer-related pain. Furthermore, patients with mental
illness are more often prescribed higher dosages of opioids in
combination with benzodiazepines in addition to antidepres-
sants and other psychotropic medications.12 36 Combining mul-
tiple central nervous system-depressant drugs, including alcohol,
tends to increase risk for substance-related poisoning, which is
consistent with our study’s observations.

A major strength of this study is its use of nationally represen-
tative hospital data to explicate complexity in poisoning cases.
Nevertheless, there are some limitations inherent with the data.
The threshold level for poisoning by various substances cannot
be identified from the data; hospital records in NIS do not
contain laboratory results on blood alcohol or drug concentra-
tions that caused poisoning. Because pharmacological inter-
action of alcohol with drugs can induce poisoning at lower
dosages, using alcohol poisoning instead of more broadly
defined alcohol involvement may underestimate the effect of
alcohol on drug poisoning. Moreover, our analysis included
only poisoning cases clearly indicated as unintentional by
E-codes and likely underestimates all unintentional poisoning
cases. There is a substantial proportion of alcohol poisoning
and drug poisoning cases (24.8% and 17.8%, respectively) in
which the intentionality cannot be identified by associated
E-codes on their records (ie, cases with intent coded as undeter-
mined or without associated E-codes at all). For a sensitivity
test, we treated all these cases (except those with suicide/homi-
cide codes on their records) as unintentional poisoning cases
and included them in the analyses. The results (data not shown)
presented patterns similar to those reported in tables 3–5.
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Therefore, excluding these cases did not seem to cause biases in
the findings. Finally, due to the cross-sectional nature of the
data, we cannot rule out the possibility that someone hospita-
lised for alcohol poisoning may be more likely to be screened
for alcohol dependence than someone hospitalised for other
reasons. This potential confounding effect may result in an over-
estimation in the observed relationships. Future studies (eg,
using samples with known inpatient mental condition screening
practices) are needed to assess this potential bias in our findings.
Traditionally, poisoning has been perceived as a toxicology issue,
and treatment has focused mostly on physiological symptoms
unless there is an indication of self-harm.37 However, our study
shows that even unintentional poisoning is significantly related
to comorbidity with SUDs and/or mood and anxiety disorders.
Because mental patients are at higher risk for recidivism of unin-
tentional injuries,38 integrated treatments of physiological and
mental problems should be recommended for patients with
alcohol-poisoning and/or drug-poisoning. Moreover, contrary to
popular belief that poisoning is a mere consequence of acute
heavy alcohol or drug use, our findings suggest that poisoning is
more a consequence of chronic SUDs and mood and anxiety
disorders. Therefore, effective treatment of mental illness and/
or SUDs should be targeted as poisoning prevention. Our find-
ings also underscore the importance of providing patients with
clear instructions for taking their medications and informing
them about heightened poisoning risk from alcohol-and-drug
and drug-and-drug interactions.

What is already known on the subject

▸ A few studies of special subpopulation groups (eg, patients
treated in Veterans Health Administration facilities) or state
medical examiner records (eg, decedents in West Virginia)
have found that substance use disorders (SUDs) and mental
disorders were common among individuals who died of drug
poisoning.

▸ These studies also suggested that individuals with an SUD or
mental distress are at increased risk for experiencing
unintentional poisoning. However, these relationships have
not been examined in general population-based studies.

What this study adds

▸ This is the first population-based study to establish SUDs
and mood and anxiety disorders as key risk factors for
unintentional poisoning by alcohol and different types of
drugs among inpatients in the USA.

▸ This study provides evidence that patients with mood or
anxiety disorders were at higher risk for unintentional
poisoning by medications that were intended to treat their
respective mental health problems, such as sedatives and
hypnotics, tranquilisers, antidepressants, other psychotropic
agents and drugs affecting the central nervous system.

▸ The findings point to the need for integrated healthcare
services for medical and mental problems in the treatment
of patients with unintentional alcohol and/or drug
poisoning.
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Injury prevention in Tajikistan

WHO/Europe is assisting the ministry of health of Tajikistan to address various causes of injury.
This includes a policy dialogue on road safety and a train-the-trainer course. Based on a special
module of the TEACH-VIP curriculum. The programme trained teachers in the health sector,
traumatologists, police officers, NGOs and governmental representatives.

Fall prevention exercise programmes reduce serious injuries

A BMJ review of 17 studies testing the effectiveness of exercise programmes for the elderly
found that they resulted in a significantly lower risk of suffering an injury after a fall. The trials
involved several exercise routines, including Tai Chi and gait, balance exercises and often
strength and resistance components. Compared with the control groups, those in exercise
programmes had a 37% reduced rate of injuries from falls, a 43% rate of severe injuries and a
61% reduction in fractures. The successes were mostly attributed to improvements in balance,
reaction time and coordination and possibly improvements in bone mass.

Utah celebrates 30-year-old injury prevention programme

When Utah’s department of health established an injury prevention programme, it was then
one of the first five in the USA. The department recently celebrated the 30th anniversary of this
programme. The initial focus was on children and later included suicides and abuse. A recent
triumph was the 62% decline in teens dying in crashes since graduated driving licensing was
enacted in 1999.
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