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Hospital outcomes and economic costs from poisoning 
cases in Illinois

Alison K. Krajewski and  Lee S. Friedman

School of Public Health, Division of Environmental and Occupational Health Sciences, University of Illinois, Chicago, IL, USA

Context. Since 2009, poisonings have been the leading cause of fatal injuries in the United States (US) and remain a continuing public 
health issue. Because of the varying definitions for what constitutes a poisoning case, there are inconsistencies in the annual number of 
cases reported among national health surveys. Objectives. The main objective of this study was to describe poisonings treated in Illinois 
hospitals by type of exposure, as well as to detail demographic characteristics, acute outcomes, and general cost estimates for those 
exposed to poisoning. We also compared a broad definition for poisoning used in our analysis with the definitions used by four national 
health surveys in order to assess the adequacy of various definitions in capturing poisonings for surveillance. Material and methods. We 
conducted a comprehensive analysis of outpatients and inpatients treated in Illinois hospitals in 2010 using the Illinois hospital database. 
Age-adjusted incidence rates were calculated. Results. In Illinois, 425,491 patients were treated in hospitals for poisoning in 2010, of whom 
222,339 were inpatients. The age-adjusted incidence rate was 3,189 per 100,000 persons, with an average length of stay among inpatients 
of 5.5 days. The cumulative hospital charges were $7.9 billion. Discussion and conclusion. The definitions used in national surveys miss 
60–90% of poisoning cases. Poisoning is the leading cause of fatal injuries in the U.S., but as this study shows broadening the definition 
for poisoning may provide a more accurate representation of the direct and indirect effects of poisoning in the US.

Keywords  Poisonings; Ethnic disparities; Health care costs

Introduction

In 2009, poisonings became the leading cause of fatal injuries 
in the US, surpassing transportation-related fatal injuries and 
gun-related deaths.1 With more than 70 million substances 
registered worldwide, approximately 72 million chemical 
mixtures commercially available to the public, more than 3.7 
billion prescriptions filled in the US each year, and the near-
endless number of substances made toxic by dose alone, it 
is not surprising that there are more than 2.3 million cases 
of human poisonings reported to poison control centers in 
the US annually.2 In 2012, the Centers for Disease Control 
and Prevention (CDC) reported more than 1.24 million total 
non-fatal poisonings treated in hospitals and 42,197 fatal 
poisonings.1,3 The profile of poisoning cases range across all 
age groups, with adults accounting for more than 90% of all 
fatal poisonings.2

Incidence data in the US primarily comes from poison 
center data and national health surveys. Poison center data 
provides comprehensive information of both aggregate and 
substance-specific exposures, in addition to dose, severity, 

and outcomes; however, poison center data are composed 
primarily of exposures not requiring treatment in health 
care facilities. In contrast, national health surveys capture 
patients treated in outpatient and inpatient settings.4–7 The 
national health surveys provide aggregated information on 
the more severe cases; however, the inclusion criteria used 
to identify “poisoning” cases substantially differ, resulting in 
widely varying statistics of the number of annual poisoning 
cases between surveys. Furthermore, these national surveys 
do not publish information regarding specific exposures, 
acute outcomes (such as length of stay, in-hospital mortal-
ity, and percent requiring mechanical ventilation), or general 
cost estimates.

Despite the fact that poisoning are the leading cause 
of injury in the US, there has been no systematic effort to 
describe serious poisoning cases treated in hospitals in detail, 
which makes it difficult to identify and compare exposures of 
concern, assess the burden on society, track changes of expo-
sures across time, and make informed decision regarding the 
allocation of resources for interventions. The main objective 
of this study was to describe the scope of poisoning cases 
treated in Illinois hospitals by major exposure categories, 
in addition to detailing demographic characteristics, acute 
outcomes, and general cost estimates for those exposed. A 
second objective was to compare the impact of different defi-
nitions for poisoning used in four national health surveys on 
estimated incidence rates.
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Methods

Data sources

For this analysis, billing records of outpatients and inpatients 
treated in Illinois hospitals in 2010 were analyzed. The out-
patient database includes all patients treated in emergency 
rooms for less than 24 h who were not admitted to the hos-
pital. The inpatient database includes all patients treated for 
24 h or more in any Illinois hospitals for any medical reason. 
Both datasets include information on patients demographics 
(age, race, and sex), exposure information, health outcomes 
(diagnoses, hospital procedures, and discharge status), and 
economic outcomes (hospital charges and payor source). 
Based on the annual state audit of hospitals, the hospitals 
included in the datasets used for this analysis comprise 
96.5% of all patient admissions statewide.8 The Institutional 
Review Board or IRB of the University of Illinois at Chicago 
(UIC) approved this work (#2012-0116).

Ascertainment criteria

This analysis was not limited to primary diagnoses. Each 
patient in the datasets has up to 25 International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-9
-CM) diagnosis codes. In addition, there are two fields for the 
reason for the visit (outpatient only), one field for the admis-
sion diagnosis (inpatient only), and three fields for cause of 
injury (all patients; ICD-9-CM E-codes). All the fields were 
used to identify patients suffering from a poisoning. The 
definition of poisoning used for this study was any health 
outcome resulting from reported exposure(s) requiring treat-
ment in a hospital, which includes negative health outcomes 
from prescribed medications, and substance abuse/dependence 
withdrawal. Exposure in the context of this study is defined 
as “any intentional or unintentional ingestion, inhalation, or 
dermal absorption of a drug, medicinal, or biological substance 
resulting in a poisoning.” The definition of exposure in this 
study is also consistent with that in the ICD-9-CM codes used 
for the diagnosis of poisonings. This study does not include 
most health conditions exacerbated or caused by unreported/
unknown chronic exposures (e.g., cancer and heart disease). 
This study includes the following ICD-9-CM N-codes: 291.0–
292.0, 303.0–305.9, 357.5–357.7, 506, and 960.0–989.9 and 
E-codes: E850.0–E853.2, E853.8–E854.3, E854.8–E855.6, 
E855.8–E869.9, E905.0, E930.0–E952.9, E962.0–E962.3, and 
E980.0–E989.9. A detailed description of the ICD-9-CM codes 
used for this analysis is attached as an appendix in the SAS 
code (Supplementary Appendix A, to be found online at http://
informahealthcare.com/doi/abs/10.3109/15563650.2015.10
30677). Tobacco exposure was classified as “tobacco depen-
dence or acute toxic effects from tobacco.” Only patients with 
acute toxic effects from tobacco were included in this analysis. 
Patients with only an exposure related to tobacco dependence 
were excluded from the final analysis (N   386,178).

Categorization of exposures

In order to provide continuity in this analysis, ICD-9
-CM exposures were categorized into 71 major exposure 

classifications used by the American Association of Poison 
Control Centers (AAPCC). The AAPCC is the only organi-
zation to report detailed data by exposure category, albeit 
mostly for cases not requiring treatment in hospitals. A past 
study found a strong association between the poison control 
center data and emergency department codes.9 Exposure 
categories are not independent and an individual with mul-
tiple exposures was counted more than once in the stratified 
exposure categories but not for calculating incidence rates.  
Supplementary Appendix A provides a crosswalk between 
ICD-9-CM and AAPCC major exposure categories.

Categorization of urban–rural areas

The US Department of Agriculture (USDA)’s Rural–Urban 
Continuum Codes were used to identify patients living in 
rural or urban areas. According to the USDA, these Rural–
Urban Continuum Codes are a classification scheme that 
distinguishes metropolitan counties by the population size 
of their metro area, and non-metropolitan counties by degree 
of urbanization and adjacency to a metro area.10 The 2013 
Rural–Urban Continuum Codes are based on the 2010 popu-
lation in Illinois, which matches our population in this study.

Comparison with national surveys

Public use data files were collected for the following four 
national surveys: National Electronic Injury Surveil-
lance System (NEISS), National Health Interview Survey 
(NHIS), National Hospital Discharge Survey (NHDS), and 
the National Hospital Ambulatory Medical Care Survey 
(NHAMCS). The poisoning diagnosis criteria defined by 
each of the four national health surveys vary, resulting in the 
use of different ICD-9-CM N-codes and E-codes. The case 
definition for poisoning cases described above and each of 
the national dataset’s respective case definitions were com-
pared in order to describe the level of overlap of the different 
cases definitions. The N-codes and E-codes used by four 
national surveys, which are detailed below, were applied to 
the Illinois hospital data.

The most widely used and accessible injury reporting sys-
tem in the US is CDC’s Web-based Injury Statistics Query 
and Reporting System (WISQARS) based on NEISS data. 
The definition used by WISQARS does not include harmful 
effects from normal therapeutic drugs.4, 11 WISQARS defines 
poisoning as “ingestion, inhalation, absorption through the 
skin, or injection of so much of a drug, toxin (biologic or 
non-biologic), or other chemical that a harmful effect results, 
such as drug overdoses; this category does not include harm-
ful effects from normal therapeutic drugs (i.e., unexpected 
negative health outcomes to a drug administered correctly 
to treat a condition) or bacterial illnesses.”11 The N-codes 
used in the NEISS case definition were 960 through 989 and 
E-codes E850.0–E869.9, E950.0–E952.9, E962.0–E962.9, 
E972.0, and E980.0–E982.9.12–14

The NHIS monitors the health of the US population 
through the collection and analysis of data on a broad range 
of health topics while incorporating demographic and socio-
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economic characteristics through a cross-sectional survey.5 
NHIS classifies poisoning episodes as the event from 
ingestion of or contact with harmful substances, including 
overdoses or misuse of any drug or medication.15 Based on 
the NHIS survey description document, poisoning cases 
included N-codes 960–989.9 with an accompanying E-code 
of E850–E869.9, E905, and E950–E983.16

The NHDS captures characteristics of inpatients dis-
charged from non-Federal short-stay hospitals in the US, 
including poisonings.6 NHDS does not specifically have 
definition for what constitutes poisoning cases, but rather 
cases are defined by N-codes 960–989.17,18

The NHAMCS collects data on the utilization of ambu-
latory care services in hospital emergency and outpatient 
departments and in ambulatory surgery centers and specifi-
cally evaluates visits due to an injury, poisoning, or adverse 
effect of medical treatment, as well as the intent, cause, and 
diagnosis.7,19 Like NHDS, NHAMCS does not have a spe-
cific definition for what qualifies as a poisoning case. Based 
on the self-reported responses regarding poisoning status, 
answers were coded as N-codes 960–989 and E-codes 
E860–E869, E928.9, E930–E949, E950.6–E950.7, E958.9, 
E962, E968.9, and E980–E989.20–22

Statistical analysis

SAS software (v 9.3, Cary, NC) was used for all statistical 
analyses. Prevalence of demographic characteristics, exposure 
variables, and hospitalization characteristics are described 
for both outpatients and inpatients. Cumulative proportions 
were calculated for the number of exposures, age category, 
sex, median length of stay, median total charges, and the sum 
of the total charges for each major exposure category. Total 
charges reflect all charges relating to the course of treatment, 
in addition to the treatment of poisoning. Age-specific rates 
among Illinois residents were only computed based on the 
2000 standard population.23 An adjusted Elixhauser Comor-
bidity Index score was calculated for poisonings.24 Alcohol 
abuse and drug abuse were removed from the calculation 
only for the adjusted Elixhauser Comorbidity Index score.

Results

In total, there were 425,491 patients treated in Illinois hospi-
tals for poisoning in 2010, of whom 222,339 were inpatients 
(52.3%). The age-adjusted incidence rate was 3,189 per 
100,000 persons. Of the patients treated in Illinois hospi-
tals for poisonings, 48.8% (n  207,490) had the exposure 
listed as their primary diagnosis, reason for visit, or reason 
for admission. A total of 151,622 (35.6%) had an E-code 
relating to a listed exposure. In total, 62.7% of the cases had 
a primary diagnosis, reason for visit, reason for admission, 
or an E-code for poisoning. Approximately 71% of outpa-
tients had only one exposure, but inpatients had a greater 
proportion of multiple exposures (48%; Table 1). Treatment 
for consumable alcohol exposures were the most common 
exposure for both outpatients and inpatients (37.9% and 
21.7%, respectively).

Demographic characteristics of poisoning cases are 
shown in Table 1. In general, a greater proportion of out-
patient cases were children and young adults, while the 
inpatient cases were older with a quarter of the cases over 
65 years of age. The age-adjusted incidence rate per 100,000 
residents was 3,756 for males and 2,651 for females. The 
age-adjusted incidence rates per 100,000 Illinois residents 
by race/ethnicity are as follows: white non-Hispanic, 2,823; 
African American, 6,101; Hispanic/Latinos, 2,420; and all 
other races, 3,175. The age-adjusted incidence rates of per-
sons seeking care for substance-abuse-related exposures were 
as follows (including alcohol; per 100,000 residents): white 
non-Hispanics, 1,765; African Americans, 4,806; Hispanic/
Latinos, 1,590; and all other races, 1,891. In contrast, the 
ethnic disparities were not as stark for adverse effects 
from therapeutic agents (age-adjusted rates per 100,000 
residents): white non-Hispanics, 811; African Americans, 
1,001; Hispanic/Latinos, 691; and all other races, 1,020. In 
addition, we observed smaller disparities by ethnicity for all 
other types of exposures excluding substances of abuse and 
adverse effects from therapeutic agents (age-adjusted rates 
per 100,000 residents): white non-Hispanics, 341; African 
Americans, 415; Hispanic/Latinos, 213; and all other races, 
353. Approximately 64.3% of outpatients and 75.7% of 
inpatients live in metropolitan counties with a population of 
one million or more (Table 1).

Based on the adjusted Elixhauser Comorbidity Index, 
64.7% of all outpatients and 14.4% of all inpatients had zero 
or one comorbidities. For both outpatients and inpatients, the 
in-hospital mortality rate was low (0.78% and 1.82%, respec-
tively). Less than one percent of both outpatients (N  290) 
and inpatients (N 3,202) had dementia listed as a comor-
bidity (ICD-9-CM code of 290, 294.1–294.2, 331.0–331.2, 
331.82, and 797). The proportion identified as self-harm 
cases was relatively low for both outpatients (N   5,517, 
1.3%) and inpatients (N 7,700, 1.8%). Correspondingly, 
only 8,096 and 6,384 of outpatients and inpatients were dis-
charged or transferred to a psychiatric facility.

The average total hospital charges among outpa-
tients was $3,398  4,081 USD (median  $2,152) and 
$32,391  60,115 USD for inpatients (median  $16,396). 
The cumulative hospital charges in Illinois in 2010 for 
outpatient cases were $690,400,129 and $7,201,628,216 
for inpatients. For outpatients (Table 2), the five most com-
mon exposures were alcohol consumables (N   90,146), 
combined drug dependence and abuse (N  23,288), can-
nabis and hallucinogens (N  16,694), opioid analgesics 
(N   15,204), and cocaine (N  12,611). For outpatients, 
68.8% of consumable alcohol cases, 68.6% of substance 
abuse cases, 53.2% of therapeutic agents cases, and 58.1% 
of non-pharmaceutical cases occurred in urban settings, or 
in counties in metro areas with populations of one million or 
more. Additionally, among all outpatient cases, exposures to 
toxic animals and plants were common (n   8,678; 3.7%). 
As for inpatients (Table 3), the five most common exposures 
were consumable alcohols (N   69,553) followed by com-
bined drug dependence and abuse (N   40,623), cannabis 
and hallucinogens (N   29,029), cocaine (N   26,530), and 
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Table 1.  Demographic and hospitalization characteristics of poisoning cases in Illinois, 2010.

Outpatients 
(N  203,152)

N, %

Inpatients 
(N  222,339)

N, %

Mean age in years (SD) 38.0 (18.2) 51.4 (19.1)
Under 18 years 23321 (11.5%) 7809 (3.5%)
18–24 years 28259 (13.9%) 13208 (5.9%)
25–34 years 38106 (18.8%) 22626 (10.2%)
35–44 years 37191 (18.3%) 34421 (15.5%)
45–54 years 42632 (21.0%) 52119 (23.4%)
55–64 years 19376 (9.5%) 36711 (16.5%)
65 years and older 14267 (7.0%) 55445 (24.9%)

Race/Ethnicity
White, Non-Hispanic 121812 (60.0%) 128305 (57.7%)
Black or African American 46843 (23.1%) 64710 (29.1%)
Hispanic or Latino 23082 (11.4%) 17074 (7.7%)
Asian 1655 (0.8%) 1998 (0.9%)
American Indian or Alaska Native 348 (0.2%) 863 (0.4%)
Native Hawaiian or Pacific Island 75 (0%) 73 (0%)
Other 9337 (4.6%) 9316 (4.2%)

Sex
Male 120017 (59.1%) 124075 (55.8%)
Female 83128 (40.9%) 98262 (44.2%)
Unspecified 7 (0%) 2 (0%)

Mean number of exposures (SD) 1.4 (0.68) 1.7 (0.98)
1 144606 (71.2%) 115628 (52.0%)
2 46524 (22.9%) 69169 (31.1%)
3 8895 (4.4%) 24739 (11.1%)
4 or more combined exposures 3127 (1.5%) 12803 (5.8%)

Mean length of stay in days (SD) 0 (0) 5.5 (6.70)
0 203152 (100%) 0 (0%)
1 0 (0%) 30512 (13.7%)
2 0 (0%) 35869 (16.1%)
3 or more days 0 (0%) 155958 (70.1%)

Median hospital charges (N, obs)
Anesthesiology $955 (488) $1613 (25456)
Laboratory $910 (135802) $2581 (212575)
Oncology $600 (61) $5277 (1936)
Operating room $861 (1523) $5361 (42317)
Pharmacy $155 (134344) $1799 (215631)
Radiology $1233 (73808) $2480 (140584)
Room $1313 (121) $5105 (222333)
Other $1105 (203001) $3984 (196570)
Labor/Delivery $259 (92) $2492 (2347)
Ancillary $2152 (203152) $10726 (222119)

Population by county
Urban, Metro - Counties in metro areas of 1 million 

population or more
130571 (64.3%) 168300 (75.7%)

Suburban, Metro - Counties in metro areas of 250,000 to 
1 million population

18943 (9.3%) 14457 (6.5%)

Suburban, Metro - Counties in metro areas of fewer than 
250,000 population

21522 (10.6%) 16074 (7.2%)

Suburban, Non-metro - Counties with urban population of 
20,000 or more, adjacent to a metro area

9515 (4.7%) 6940 (3.1%)

Suburban, Non-metro - Counties with urban population of 
20,000 or more, not adjacent to a metro area

2793 (1.4%) 2477 (1.1%)

Rural, Non-metro - Counties with urban population of 
2,500–19,999, adjacent to a metro area

9300 (4.6%) 6026 (2.7%)

Rural, Non-metro - Counties with urban population of 
2,500–19,999, not adjacent to a metro area

4597 (2.3%) 2720 (1.2%)

Rural, Non-metro - Counties with completely rural or less 
than 2,500 urban population, adjacent to a metro area

413 ( 1%) 329 ( 1%)

Rural, Non-metro - Counties with completely rural or less 
than 2,500 urban population, not adjacent to a metro area

5501 (2.7%) 5016 (2.3%)
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barbiturates and benzodiazepine (N  23,970). Among the 
top five exposure types in inpatient cases, more than half 
were male with two exposures or more, but greater than 70% 
were routinely discharged. For inpatients, 75.5% of consum-
able alcohol cases, 78.3% of substance abuse cases, 70.5% of 
therapeutic agents cases, and 68.2% of non-pharmaceutical 
cases occurred in counties where the population is one mil-
lion or more. The highest in-hospital mortality rates were 
observed among patients with adverse exposures to antico-
agulants (5.1%), and antineoplastic and immunosuppressive 
drugs (4.9%).

Among all poisoning cases treated in Illinois hospitals 
in 2010, the top six exposure classifications for patients 
18 years old or younger were cannabis and hallucinogens, 
consumable alcohol, combined drug dependence and abuse, 
analgesics/antipyretics/antirheumatics, antibiotics and anti-
infectives, and toxic animals or plants. For patients between 
18 and 44 years old, the top six exposures were alcohol con-
sumables, combined drug dependence and abuse, cocaine, 
opioid analgesics, barbiturates and benzodiazepine, and 
cannabis and hallucinogens. For patients between 45 and 
64 years old, the top six exposures were consumable alcohol, 
combined drug dependence and abuse, cocaine, opioid anal-
gesics, barbiturates and benzodiazepine, and cannabis and 
hallucinogens. The top six exposure categories for patients 
65 years and older were consumable alcohol, anticoagu-
lants, hormones and synthetic substitutes, antineoplastic and 
immunosuppressive drugs, other unspecified drugs, antidotes 
deterrent excipient, and antibiotics and anti-infectives.

The top six exposure categories requiring ventilation, 
by proportion, were chlorinated pesticides, blood products 
and substitutes, alkalizing agents, hormones and synthetic 
substitutes, other central nervous system depressants and 
anesthetics, and other central nervous system stimulants. By 
proportion, the top six exposure classification categories with 
comorbidity for dementia were anticoagulants, consumable 
alcohol, antidotes and deterrent excipient, combined drug 
dependence and abuse, hormone and synthetic substitutes, 
and other unspecified drugs. The top six exposure categories 
with the highest in-hospital mortality rate by proportion were 
anticholinergics, alkalizing agents, blood products and sub-
stitutes, antineoplastic and immunosuppressive drugs, and 
electrolytic, caloric, and water-balance agents. The top six 
exposure categories with the lowest routine discharge rates 
were other sedative and hypnotics, cholinergics, heavy met-
als, anticoagulants, diuretics, and agents affecting the blood. 
The six exposure categories with the highest median costs 
were other unspecified non-drugs, alkalizing agents, blood 
products and substitutes, gamma globulin, enzymes not else-
where classified, glues and adhesives, and coagulants.

The highest proportion of patients came to a hospital from 
either a physician referral or non-health care facility point 
of origin (30.4% of outpatients and 27.7% of inpatients) or 
emergency department (15.8% of outpatients and 14.4% of 
inpatients). Among the inpatients, the majority (70.1%) were 
hospitalized for three or more days, with an average length 
of stay of 5.5  6.7 days. Overall the primary payor was 
Medicaid for 25.9% of the patients, and 23.7% were covered 

by Medicare, 23.8% by private insurance, and 22.7% were 
uninsured (33.6% of outpatients and 12.7% of inpatients 
were uninsured). Overall, majority of outpatients (87.6%) 
and inpatients (67.3%) had a routine discharge, either to 
home or self-care.

The proportion identified as self-harm cases was rela-
tively low for both outpatients (N  5,517, 1.3%) and inpa-
tients (N   7,700, 1.8%). The three most common exposures 
identified among both outpatient and inpatient self-harm 
cases were as follows: sedatives/hypnotics (N  2,370 and 
4,032, respectively), analgesics/antipyretics/antirheumatics 
(N  1,949 and 2,901, respectively), and barbiturates/benzo-
diazepines (N  1,227 and 2,344, respectively). Correspond-
ingly, only 8,096 and 6,384 of outpatients and inpatients 
were discharged or transferred to a psychiatric facility.

Comparison of incidence rates by definitions 
used in national surveys

The definitions for poisoning from each respective national 
survey are applied to the Illinois hospital dataset, and age-
specific and age-adjusted rates are shown in Table 4. Using 
the broad definition defined in our study that includes expo-
sures listed in any of the diagnosis fields, the incidence rate 
of poisoning was 2.5- to 11-fold greater than what would 
be identified using inclusion criteria of the major national 
surveys. Among the national surveys, the definition used in 
NHAMCS captures the broadest number of cases, but it was 
still 2.6-fold lower than the rate based on our case definition. 
The percent of poisoning cases not identified within each 
national survey compared with the broad definition used is 
as follows: 86.9% were missed in NEISS, 91.4% missed in 
NHIS, 90.3% missed in NHDS, and 60.7% were missed in 
NHAMCS.

Discussion

In 2010, 425,491 patients were treated in Illinois hospitals 
for poisonings, with an age-adjusted incidence rate of 3,189 
cases per 100,000 persons, and the cumulative hospital 
charges for treating these patients was almost $8 billion 
USD (2010 real dollars). The incidence rates for poisoning 
cases based on our inclusion criteria surpasses the total US 
estimates reported nationally by four prominent surveys. The 
main difference between the case definition used in this anal-
ysis and that used by NEISS, NHIS, NHDS, and NHAMCS 
was the inclusion of substances of abuse, adverse effects 
from therapeutic drugs, and not restricting the analysis to 
poisonings listed as a primary diagnosis. Thus, consideration 
of broadening the diagnosis criteria for poisoning cases may 
provide a more accurate representation of the direct and 
indirect effects of poisoning in the US.

Poisoning cases represent a significant financial burden 
on society and comprises many elements beyond hospital 
costs. Nationally, poisonings have become the most common 
cause of fatal injuries,1 and in this study the cases are costly 
and severe. Our case definition includes all poisoning cases 
regardless of the reason for admission, since these exposures 
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complicate clinical assessments, treatment, and prognosis for 
these patients. Although 62.7% of the patients in this analysis 
had a poisoning identified as their primary diagnosis, reason 
for visit/admission, or cause of injury (E-code), the measure 
of hospital charges does not differentiate between procedures 
specific to managing the “poisoning” and procedures to treat 
other comorbidities. Furthermore, hospital charges generally 
do not reflect the true direct cost of care or the amount hospi-
tals recover in terms of payments. Reimbursement rates and 
cost-to-charge ratios fluctuate over time and by diagnosis 
(e.g., Diagnosis related group), but for inpatient cases in Illi-
nois in 2010, CMS data reports average cost-to-charge rates 
of 33%.25 In addition, hospital charges represent only one 
component of direct costs and do not reflect indirect costs 
to individuals and society. Regardless of the final cumula-
tive reimbursement rate, extent of direct and indirect costs, 
and proportion of charges related directly to the poisoning, 
based on charges alone, the financial burden on the system 
appears to be substantial. If simple models assuming a 33% 
reimbursement rate and that only 25% of the proportion of 
medical charges were directly related to treating the poison-
ing were used, then the cumulative acute care cost in Illinois 
is estimated at $650 million in 2010 alone. In models which 
assume that 75% of the charges are directly related to treat-
ing the poisoning, the cumulative estimated hospital costs 
are approximately $2 billion USD.

We observed both gender and ethnic disparities in this 
study. The overall rate ratio between males and females was 
1.42; however, within specific exposure subgroups, such as 
exposures typically associated with occupation (e.g., pes-
ticides, chemicals, and petroleum products) and substance 
abuse, the proportion of males was much higher (60–75%). 
The difference in incidence rates between white non-
Hispanics and African Americans was driven primarily by 
differences in substance abuse exposures. However, national 
surveys show that the disparity of substance abuse and depen-
dence is minimal,26 while utilization of public hospitals by 
African Americans is substantially higher than that by white 
non-Hispanics.26 Based on the Substance Abuse and Mental 
Health Services Administration or SAMHSA data, only 38% 
of individuals seeking treatment for alcohol or illicit drug 
use receive care as outpatients or inpatients in hospitals.26 
The ethnic disparities observed in this study likely reflect 
how different segments of the population seek treatment for 
substance abuse rather than an indication of a disparity in 
actual exposure.

All national surveys exclude health outcomes from expo-
sures to alcohol and drugs (N-codes 291.0–292.9), as well 
as non-dependent abuse of drugs (N-codes 305.0–305.9). In 
addition, only NHAMCS includes adverse health outcomes 
from therapeutic drugs (E-codes E930.0–E949.9). From a 
toxicological perspective, there is no reasonable justification 
for omitting these cases.27 The difference in inclusion cri-
teria between the studies explains the 2.6–11.5-fold higher 
annual incidence rate reported in this study.

Consumable alcohol alone represented 44.4% of outpa-
tients and 31.3% of inpatients. In this analysis, the 69.8% 
of the substance abuse cases had their exposure listed as the 

primary diagnosis, reason for visit or reason for admission, 
of which 76% had an exposure to only one substance of 
abuse. This indicates that the majority were not simply cases 
admitted for an unrelated comorbidity with their substance 
abuse screening results incidentally listed. Substances of 
abuse were the most common exposures and represent an 
enormous burden on the system, with cumulative charges of 
$4,245,250,694.

Patients who were treated for adverse health outcomes 
from therapeutic agents are largely excluded from the four 
national health surveys. In the Illinois data, adverse health 
outcomes from therapeutic agents accounted for 32% of the 
cases and cumulative charges of $4,078,591,306. Not sur-
prisingly, they are also older (average age of 52 vs. 42 years) 
and have more comorbidities (average number of comor-
bidities was 2.7 vs. 1.3). Although 68.7% of the patients 
treated for adverse health outcomes from therapeutic agents 
had only one exposure listed, only 23.5% of patients had 
their exposure listed as their primary diagnosis, reason for 
visit, or reason for admission. By excluding these patients, 
a substantial proportion of poisonings are being neglected 
by national health surveys, as well as overlooking important 
medical safety issues.

Limitations

In current analyses of billing datasets, determination of expo-
sure to a poison is based on ICD-9-CM codes. ICD-9 codes 
do not provide information on dose. These datasets do not 
provide laboratory confirmation of the exposures, or infor-
mation on recency, duration, frequency, or quantity. Further-
more, ICD-9 codes aggregate exposures at the major class 
level; therefore, information regarding specific substances is 
generally unavailable. It is also difficult to determine to what 
degree the exposure played a role in the diagnosis, treatment, 
and/or prognosis. Finally, since the ultimate purpose of bill-
ing datasets is to obtain the highest rate of reimbursement 
for the health care facility, the order of listed diagnoses may 
not reflect the sequence of treatment or immediate threat to 
life. All of these elements may lead to misclassification and 
omission of exposures, in particular in the national surveys 
where analyses are restricted to cause of injury codes and 
primary diagnoses.

Although this analysis included a more comprehensive 
list of exposure classification categories than those used in 
the four national health surveys, the differences in incidence 
rates may also reflect regional or local differences in expo-
sure patterns. However, Illinois is an average state, with a 
population of 13 million, a workforce of 6.6 million, with 
approximately two million people classified as living in rural 
areas, the fifth highest Hispanic immigrant population in the 
US, and general demographics that has led to Illinois being 
labeled the “most typical state” in the US.28 Demographic 
characteristics, employment patterns, substance abuse rates, 
and overall morbidity rates in Illinois closely mirror the US 
as a whole.28 Although state by state variation is expected, 
the findings in Illinois are likely generalizable to most of the 
other states and the US as a whole.
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Conclusions

The perspective that poisonings are primarily associated 
with curious children and forgetful elderly individuals is not 
supported by this study’s findings, although this is partly 
true when analyzing datasets that predominately capture less 
severe exposures.2 The majority of cases treated in Illinois 
hospitals for poisonings are adults with substance abuse 
issues or adverse effects caused by therapeutic agents. In 
recent years, poisoning surpassed motor vehicle crashes as 
the leading cause of fatal injuries, but as this study shows the 
magnitude of non-fatal cases may be substantially underesti-
mated. Using a broad definition for poisoning to account for 
toxicological principles and coding practices, the incidence 
of poisoning requiring treatment at hospitals is substantially 
higher than what has been reported in various national sur-
veys. The more restrictive definitions miss between 60 and 
90% of cases treated at hospitals. In particular, the omission 
of cases with adverse exposures to alcohol, illicit drugs, and 
therapeutic drugs misses patients suffering serious injuries, 
as well as leads to underestimation of the cost burden to indi-
viduals, hospitals, and society. By broadening the inclusion 
criteria, we get a clearer idea of the magnitude of personal 
and financial consequences of poisonings.
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