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Abstract

BACKGROUND: Although a direct link between opioid use in obese patients and risk of
overdose has not been established, obesity is highly associated with higher risk for opioid/opiate
overdose. Evidence for clinical impact of obesity on patients with opioid/opiate overdose is scarce.
The aim of this study was to determine effects of obesity on healthcare outcomes and mortality
trends in hospitalized patients who presented with opioid/opiate overdose in the United States
between 2010 and 2014.
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DESIGN: Multivariate logistic and linear regression analysis compared clinical outcomes and
hospital resource utilization between obese and non-obese patients. Trend analysis of in-hospital
mortality was also analyzed.

SETTING: United States.

PARTICIPANTS: 302,863 adults ?18 years and hospitalized with a principle diagnosis of opioid/
opiate overdoses between 2010 and 2014.

MEASUREMENTS: Primary measurement was in-hospital mortality. Secondary measurements
included respiratory failure, cardiogenic shock, mechanical ventilations/intubations, hospital
charges, and length of stay.

FINDINGS: Prevalence for in-hospital mortality was lower in patients with obesity (2.2% vs
2.9%). Obese patients had higher adjusted odds for respiratory failure (2OR = 1.7, [(Cl) 1.6-1.8])
and mechanical ventilation/intubation (aOR = 1.17, [(CI) 1.10-1.2]). They also had longer length
of stays (aMD = 0.4 days, [(CI) 0.25-0.58 days] and higher total hospital charges (aMD = $5,561,
[(CI) $3,638-$7,483]. Trends of in-hospital mortality for patients with obesity did not significantly
increase (2.1% in 2010 to 2.4% in 2014, p trend=0.37), but significantly increased for non-obese
patients (2.4% in 2010 to 3.4% in 2014; p trend <0.01).

CONCLUSIONS: Prevalence and trends of mortality was lower in patients with obesity
hospitalized for opiate/opioid overdose compared to those without obesity between 2010-2014
in the United States.

Keywords

Opioid/Opiate Overdose; Obesity; Large Database; Hospitalizations; Hospital Mortality; United
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INTRODUCTION

Opioid overdose is now a leading cause of death in the United States (US), and rates

of drug overdose deaths tripled between 1999 and 2014.1 As a direct consequence,
premature opioid overdose deaths have resulted in significant years of life lost in this
patient population.23 Hospitalizations for patients with obesity in the US also skyrocketed
between the mid-1990s and mid-2000s, yet the impact of the obesity epidemic on patients
hospitalized for opioid/opiate overdose is not clear.* Obesity and addiction are chronic
conditions with a complex interaction between genetic and environmental factors.®> Research
has shown associations between obesity and opioids/opiates with other addictions like sugar
consumption.® Researchers have proposed that alterations in anatomy and physiology of
obese patients may affect their response to opioid exposure.’ Further, the obesity epidemic
may account for increased demand of opioid prescription use linked to chronic pain.
Although a direct link between opioid use in obese patients and risk of overdose has not
been established, obesity is highly associated with complications of chronic pain and these
patients are more likely to be prescribed opioid/opiates.?

Opioid Induced Respiratory Disease (OIRD) is the main cause of death in patients who
succumb from opioid/opiate overdose.? Compared to non-obese patients, OIRD in patients
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with obesity may be difficult to treat because of compromised pulmonary physiology,
increased restrictive effects on lung function and reduction in functional residual capacity.10
Zuckerman and colleagues reported that patients with obesity were more likely to have
pain, thus, requiring more analgesics.” This may theoretically place them at higher risk

for overdose of prescribed pain medicines. In addition, critically ill patients with obesity
have been noted to have a high morbidity and mortality.11 Because of these factors, we
hypothesized that patients with obesity who presented with opioid/opiate overdose would
have poorer clinical outcomes and higher use of hospital resources compared to the general
population. We used the Nationwide Inpatient Sample (NIS) database for years 2010-2014
to study the impact of opioid/opiate overdoses on patients with obesity.

METHODS

Data sources and study population

Using the NIS, we pooled data from 2010 to 2014. NIS has patient data obtained by

the Agency for Healthcare Research and Quality for the Healthcare Cost and Utilization
Project.12 It is one of the largest national all-payer inpatient care databases. It is a stratified
probability sample representing all non-federal acute care inpatient hospitalizations within
the United States (US). A twenty percent probability sample of all discharges from US
hospitals in each stratum is used with information regarding diagnoses, hospital charges,
length of stays, and demographics. Every discharge is weighted to make NIS nationally
representative, using de-identified clinical and nonclinical data, protecting privacy of
patients, care providers, and hospital systems. From 2010 to 2014, NIS included over 7
million discharges for each study year from over 4,000 hospitals in 44 states across the
US.12

Study population—Patients were included in the study if they were age =18 years, had a
principal diagnosis of opiate or opioid overdose (Figure 1). The following ICD-9-CM codes
were used to identify eligible admissions:

Poisoning by analgesic: 965.0 (Opiates), 965.00 (Opium), 965.01 (Heroin),
965.02 (Methadone), 9650.09 (Other: Codeine, Meperidine, Morphine), E850.0
(Accidental poisoning by methadone), E850.1 (Accidental poisoning by
methadone), E850.2 (Accidental poisoning by other opiates).

Study outcomes

In-hospital mortality was the primary clinical outcome measure. Secondary clinical outcome
measures included respiratory failure (ICD-9 35.11, 35.22, 35.22), cardiogenic shock
(ICD-9, 785.51,), and cardiac arrest (ICD-9 35.11, 35.22, 35.22). We also looked at
mechanical ventilation/intubations that were coded during hospitalizations (ICD-9 96.70,
96.71, 96.72, 96.0, 96.01, 96.02, 96.03, and 96.04). Additionally, resource utilization
outcome measures included hospital length of stay (LOS) and total hospital charges. Finally,
we investigated trend analysis of in-hospital mortality for patients with obesity over the
5-year study period.
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Patient and hospital characteristics

The exposure of interest was obesity status, and the following ICD-9-CM codes were used to
determine those patients who were obese (= 30):

BMI 30 to 31.9 [ICD-9 V85.30-V/85.31], BMI 32 to 33.9 [ICD-9 V85.32-V/85.33],
BMI 34 to 35.9 [ICD-9 V85.34-V/85.35], BMI 36 to 37.9 [ICD-9 V/85.36-V/85.37],
BMI 38 to 39.9 [ICD-9 V85.38-V/85.39], BMI 40 to 49.9 [ICD-9 V85.41-V/85.42],
BMI = 50 [ICD-9 V85.43-V/85.45], and 278.01.

Patient and hospital level variables characteristics were analyzed and included as
confounders in the model. The patient level variables included: age, race, gender, co-
morbidities, insurance, and median household income in the patient’s zip code. In
addition, if the patient had any history for benzodiazepine use or overdose, this was
included in the model based on the following ICD-9 code (969.4, E853.2, and E939.4).
Patient comorbidities were obtained using the Charlson comorbidity index. The Charlson
comorbidity index variable can be downloaded using Stata©.12 Hospital variables were:
location (region in the U.S), volume capacity, and teaching status. The Johns Hopkins
University School of Medicine’s Institutional Review Board determined the study was
exempt from approval because it involved retrospective analyses of publicly available de-
identified data.

Statistical analyses

Patient demographics, co-morbidities, and hospital characteristics were compared for the
years 2010 to 2014 using Pearson’s XZ test for categorical variables along with one-way
analysis of variance for continuous variables. Yearly rates for studied outcomes were
adjusted for the multiple confounders listed above using predictive margins.

All categorical data were presented as proportions/percentages. Logistic regression was used
to calculate unadjusted and adjusted odds ratios comparing inpatient mortality, respiratory
failure, cardiogenic shock, cardiac arrest, and mechanical ventilation/intubations. Adjusted/
multivariate regression models included all variables that were found to be associated with
the outcome on univariate analysis with a p-value cutoff of 0.2. We also included patient and
hospital variables determined important for outcomes based on prior studies.

Stata 15.0 (StataCorp, College Station, TX) was used to perform all statistical analyses.
These analyses accounted for survey design complexity (stratification, clustering, and
weighting to produce nationally representative results) based on Healthcare Cost and
Utilization Project NIS’ analytic guidelines for incorporating sampling weights, primary
sampling units, and strata.12 All p values were two-sided and type | error was 0.05.

RESULTS

In-hospital visits involving opioid/opiate overdose with and without obesity, 2010-2014

Between 2010 and 2014, 302,862 adult patients age =18 years were hospitalized for opiate/
opioid overdose. Of these, 30,726 were obese and 265,571 were not obese (Table 1). Those
classified as obese were older (mean age: 53+0.2 vs. 48+0.1 years), more often female
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(64.9% vs 50.1%), had higher Charlson comorbidity scores = 3: 26.7% vs. 13.9%), greater
burden of pulmonary circulatory disorders (5.2% vs. 1.8%) and chronic lung disease (38.9%
vs. 24.5%), and more heart failure (17.0% vs. 6.8%).

In-hospital mortality and clinical outcomes

Compared to those without obesity, patients with obesity made up a greater proportion

with respiratory failure (43.3% vs 31.9%). Obese patients also had lower prevalence of
in-hospital mortality (2.2% vs. 2.9%) and cardiac arrest (2.0 vs 2.5%). There was no
difference in prevalence of cardiogenic shock between patients with and without obesity
(0.5% vs 0.47%). Following multivariate adjustment for demographic, clinical and hospital
characteristics, patients with obesity had a non-significantly lower odds for in-hospital
mortality (OR = 0.5, [(CI) 0.25-1.1]). Obese patients had higher odds for respiratory failure
(OR =1.7, [(CI) 1.6-1.8]) and mechanical ventilation/intubation (OR = 1.17, [(CI) 1.10-
1.2]). Both non-obese and obese patients had similar odds for developing cardiac arrest (OR
=0.95, [(CI) 0.77-1.1]) and cardiogenic shock (OR = 1.2, [(CI) 0.81-1.9]).

Trend analysis of in-hospital mortality

The time trend from 2010 to 2014 for in-hospital mortality for patients presenting with
opioid/opiate overdose comparing patients with and without obesity is noted in the Figure

2. Non-obese patients had higher mortality compared to those without obesity. There was a
significant increase in in-hospital mortality for non-obese patients (2.4% in 2010 to 3.4% in
2014). For patients who were obese, there was a non-significant rise for in-hospital mortality
over the studied time period (2.1% in 2010 to 2.4% in 2014).

Resource utilization

Patients with obesity had higher mean length of stay (4.8 vs. 3.8 days) and overall higher
total hospitalization charges ($43,824 [Cl: $42,173- $45,474] vs. $34,334 [CI: $33,556-
$35,112]). Similarly, multivariate analyses indicated that patients with obesity had a longer
length of stay (aMD = 0.4 days, [(Cl) 0.25-0.58 days] and higher total hospital charges
(aMD = $5,561, [(CI) $3,358-$7,483].

DISCUSSION

As the crises of both the opioid and obesity epidemics continue to prevail, hospitalizations
of this patient population are also expected to increase. Our study found that obesity is

a significant risk factor for respiratory failure and higher use of hospital resources in
patients hospitalized with opioid/opiate overdose. Despite these findings, however, we did
not estimate higher odds for in-hospital mortality, cardiac arrest or cardiogenic shock in
patients hospitalized with opioid/opiate overdose who were obese compared to non-obese
patients. Our findings suggest that patients with obesity and opioid/opiate overdose require
longer and much more intensive care during hospitalizations, which may be necessary to
achieve similar odds of mortality in patients who are not obese. To our knowledge, this

is one of the largest studies that has investigated the effects of obesity on opioid/opiate
overdose in hospitalized patients on a national level.
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Research has found increased severity of preexisting lung disease in patients with obesity
which may be exacerbated in the setting of opioid/opiate overdose.13-15 Our study also
indicated that patients with obesity had higher pulmonary comorbidities, which might
explain why they had higher rates of respiratory failure and intubations. Another large
database study conducted by Izrailtyan and colleagues found that obesity increased the

risk for in-hospital cardiopulmonary and respiratory arrest in medical/surgical patients who
presented with respiratory failure after being prescribed opioids.1® Our study was similar in
that patients with obesity had higher odds for respiratory failure. However, unlike Izrailtyan
and his colleagues, we did not see higher odds or prevalence for cardiac arrest. Additionally,
the impact of obesity on mortality was not described by Izrailtyan and his colleagues. In
another study, Burton and colleagues found an increasing trend in hospital mortality in the
general population from 2010-2014 in the U.S. for patients with opioid overdose, but also
did not investigate obesity.1” We found a similar increasing trend in hospital mortality over
the same time period for non-obese patients with opioid/opiate overdose, but we did not see
a significant increase in mortality for those with obesity.

The current study supports previous research indicating that patients with obesity have
longer stays in the hospital and utilize more hospital resources.18:19 Our study is unique

in that it identified obesity as a risk factor for these outcomes in patients presenting with
opioid/opiate overdose. Patients in our study with obesity and opioid/opiate overdose had
prolonged hospitalizations and higher hospital charges. Though observational studies cannot
determine the causes of such findings, several factors should be considered, which may
possibly explain higher hospital resource utilizations. First, patients with obesity and opioid/
opiate overdose were sicker compared to those without obesity — suggested by higher
respiratory failure and need for mechanical ventilation/intubation which requires critical care
and prolonged hospitalizations. Additionally, obese patients hospitalized with opioid/opiate
overdose had more comorbidities contributing and not contributing to their hospitalization
that required management.

Researchers have increasingly found that there is an over-grading severity of preexisting
lung disease in patients with obesity coupled with the fact that the respiratory system is
highly affected during an opioid overdose — which may account for these results.9:13.15
Interestingly, despite no difference being found in the odds of in-hospital mortality when
comparing obese to non-obese patients with opioid/opiate overdose, the prevalence and trend
of in-hospital mortality was lower in individuals who were diagnosed with obesity. This
might possibly be explained by the obesity paradox which refers to the protective effect

on clinical outcomes in patients with obesity compared to those without obesity — and
recent studies show the effect of an ‘obesity paradox’ on chronic disease mortality.20.21
Some studies have alluded to the obesity paradox in COPD patients as well.22:23 Additional
studies will need to be conducted to further assess survival outcomes in hospitalized patients
with obesity and opioid/opiate overdose. Many public health interventions geared towards
reducing the impact of obesity on opioid use have centered on chronic pain. Our results
underscore the importance of recognizing patients admitted to the hospital for opioid
overdose. Even further, our study indicates the need to address hospitalization outcomes

of obese patients who are admitted for opioid overdose.
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Strengths and Limitations

This study has several strengths that should be acknowledged: 1) the study is among the first
and one of the largest national studies that has investigated the effects of obesity on opioid/
opiate overdose in hospitalized patients; 2) the study was able to use a very large database
that could capture much of the United States, and results should be a good representative of
the obesity and opioid/opiate crisis on patients and the national healthcare system.

Although there are some identified strengths, there are several limitations to our study

that should be considered. First, our data was obtained from an administrative database.

In so doing, the heavy reliance on personnel to accurately incorporate ICD-9-CM codes
may have led to missed codes or codes being documented inaccurately.24 Second, this

could have led to the under-coding of obesity as well as opioid overdose; third, our study
used a sample database that does not have emergency department (ED) visits. A recent
article confirmed that the ED is an underutilized venue for identification and treatment of
patients with substance abuse.2> Given our large sample size in addition to most patients
requiring hospitalizations in the setting of overdose, we suspect our data accurately reflects
the national population. Fourth, NIS does not capture detailed histories, and we could not
determine if opioid overdose was in the setting of recently prescribed opioids. Fifth, given
under-coding, we could not determine if many of the patients had chronic pain vs acute pain
vs opioid abuse condition leading up to the hospitalization. Additionally, we were not able to
determine opioid type, dosage, route, or frequency of administration prior to hospitalization.
Finally, though we took benzodiazepines into account in our models, we could not account
for all potential sedatives that might have impacted outcomes.

CONCLUSIONS

In conclusion, the data suggest that obesity does have some impact on hospitalization
outcomes of patients hospitalized for opioid/opiate overdose. Patients with obesity
presenting with opioid/opiate overdose are more likely to develop respiratory failure, require
higher hospital resource use, but lower prevalence and rates of in-hospital mortality. Future
studies should examine the effect of ‘obesity paradox’ on opioid/opiate overdose so that
innovative interventions might be developed and implemented to increase the survival rate of
patients with opioid/opiate overdose. Our results underscore the importance of documenting
the obesity status of patients admitted to the hospital for opioid/opiate overdose; which may
provide us with another area of focus in the fight to reduce the public health burden of
opioid/opiate overdose.

Availability of data and materials

Researchers should readily be able to purchase the same databases we did to conduct
research here: https://www.distributor.hcup-us.ahrg.gov/Databases.aspx. The authors did not
have special access privileges to the NIS databases. Contact information for further guidance
on purchase and download at vog.qrha@rotubirtsiDPUCH.
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Total number of patients
hospitalized between
2010 and 2014:

181,749,639

Total number of patients without
an admission code for
opioid/opiate overdose:

181,446,776 (excluded)

Total number of patients with an
admission code for opioid/opiate
overdose:

302,863

Total number of patients coded
for opioid/opiate overdose <18

years-old: 6,565
(excluded)

opiate/opioid overdose
age >= 18 years old:

296,298

Total number of patients coded for

Total number of non-obese
patients coded for
opiate/opioid overdose
>= 18years old: 256,571

Total number of obese patients
coded for opiate/opioid
overdose
>= 18years old: 30,726

Figure 1.
Patient identification flow diagram, 2010-2014
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Trends in Mortality in Opioid Overdose

Patients with and without obesity
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Figure 2.
Trends of in-hospital mortality in patients who opioid/opiate overdose (obese vs non-obese)
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Demographics comparing patients with and without obesity who presented with opioid/opiate overdose,

Table 1:

National Inpatient Sample (2010-2014)

Patient characteristics and outcomes

Non-obese patients
N = 265,571

Obese patients
N = 30,726

Characteristics

Age (years) (mean + SE)
Female, n (%)

Race, (%)

White

Black

Hispanic

Asian or Pacific Islander

Native American

48.0%0.1
133,051 (50.1)

214,846 (81.0)
23,370 (8.8)
17,262 (6.5)

1,593 (0.6)

Charlson comorbidity score, n (%)

0
1
2
3 or more

Comorbidities, (%)

136,769 (51.5)
61,612 (23.2)
29,743 (11.2)
36,914 (13.9)

Acquired Immunodeficiency Syndrome 1,699 (0.64)

Alcohol misuse
Heart failure

Chronic lung disease

43,288 (16.3)
18,058 (6.8)
65,064 (24.5)

Depression 67,720 (25.5)
Uncomplicated Diabetes Mellitus 32,930 (12.4)
Complications of Diabetes Mellitus 9,294 (3.5)
Pulmonary Circulation disorders 4,780 (1.8)
Renal failure 18,855 (7.1)

Median income in patient’s zip code, n (%)

$1-$38,999
$39,000-$47,999
$48,000-%$62,999
$63,000 or more
Insurance type, n (%)
Medicare
Medicaid
Private
Uninsured
Hospital volume, n (%)
Small

Medium

86,576 (32.6)
70,376 (26.5)
62,143 (23.4)
45,943 (17.3)

100,120 (37.7)
66,923 (25.2)
54,442 (20.5)
43,288 (16.3)

37,976 (14.3)
73,563 (27.7)

Subst Abus. Author manuscript; available in PMC 2023 January 01.

53.0£0.2
19,941 (64.9)

24,058 (78.3)

3,410 (11.1)
2,212 (7.2)
153 (0.5)

8,265 (26.9)
8,357 (27.2)
5,868 (19.1)
8,203 (26.7)

61(0.2)

2,673 (8.7)
5,223 (17.0)
11,952 (38.9)
8,695 (28.3)
9,463 (30.8)
3,226 (10.5)

1,597 (5.2)
4,485 (14.6)

9,863 (32.1)
8,603 (28.0)
7,189 (23.4)
5,008 (16.3)

15,485 (50.4)
7,189 (23.4)
5,899 (19.2)
2,089 (6.8)

4,178 (13.6)
8,357 (27.2)
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Non-obese patients

Obese patients

Patient characteristics and outcomes N = 265571 N = 30.726
Large 153,500 (57.8) 18,159 (59.1)
Hospital region, n (%)
Northeast 47,537 (17.9) 4,455 (14.5)
Midwest 58,160 (21.9) 6,575 (21.4)
South 101,979 (38.4) 11,798 (38.4)
West 57,363 (21.6) 7,835(25.5)
Teaching hospital, n (%0)
Non-teaching 151,375 (57.0) 18,066 (58.8)
Teaching 113,929 (42.9) 12,628 (41.1)
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Table 2:

Inpatient outcomes in patients with and without obesity who presented with opiate/opioid overdose 2010-2014

Non-obese patients Obese patients

In-hospital outcomes N=265,571 N=30,726
Clinical outcomes

Cardiogenic Shock, n (%) 1,248 (0.47) 153 (0.5)

Respiratory failure, n (%) 84,717 (31.9) 13,304 (43.3)

Mechanical vent/intubation, n (%) 57,894 (21.8) 6,944 (22.6)

In-hospital mortality n (%) 7,701 (2.9) 676 (2.2)

Cardiac Arrest, n (%) 6,639 (2.5) 614 (2.0)

Resource utilization outcomes
Mean Length of stay, mean (95% CI) 3.88 (3.83-3.94 days) 4.8 (4.7-4.9 days)
Mean total hospital charges, mean (95%)  $34,334 ($33,556-$35,112)  $43,824 ($42,173-$45,474)
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