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Objective: Opioid overdoses (ODs) have been increasing, and harm reduction efforts are a 

priority. The success of these efforts will be dependent on the identification of at-risk patients 

and improved access to the antidote naloxone. Therefore, to identify access to naloxone and 

factors associated with negative health outcomes, we conducted a retrospective study of patients 

with OD to identify those at highest risk of adverse outcomes and to assess the use of naloxone.

Methods: We conducted a study of electronic health records for patients admitted to the largest 

multihospital system in the region – the Geisinger Health System (GHS) for ODs – from April 

2005 through March 2015. ODs were defined by International Classification of Diseases-9 codes 

(age range: 10–95 years). Bivariate analyses and multiple logistic regressions were conducted 

to identify pre-OD factors associated with adverse health outcomes post-OD.

Results: We identified 2,039 patients with one or more ODs, of whom 9.4% were deceased within 

12 months. Patient demographics suggest that patients with OD had a mean age of 52 years, were 

not married (64%), and were unemployed (78%). Common comorbidities among patients with 

OD include cardiovascular disease (22%), diabetes (14%), cancer (13%), and the presence of 

one or more mental health disorders (35%). Few patients had a prescription order for naloxone 

(9%) after their OD. The majority of patients with OD were in proximity to GHS health care 

facilities, with 87% having a GHS primary care provider. In multiple logistic regressions, com-

mon predictors of adverse outcomes, including death, repeated ODs, frequent service use, and 

high service cost, were higher prescription opioid use, comorbid medical conditions, comorbid 

mental disorders, and concurrent use of other psychotropic medications.

Conclusion: This study suggests opportunities for improving OD outcomes. Those who 

receive higher quantities of prescription opioids concurrent with other psychotropic medicines 

may need closer monitoring to avoid death, repeated OD events, higher service use, and higher 

service costs. Other opportunities for improving OD outcomes include the use of electronic 

health records to notify physicians of high-risk patients and updating of guidelines/operation 

manuals focused on the distribution of naloxone to those in highest need.

Keywords: opioids, overdose antidote, naloxone, health care access, health care costs, services 

utilization, prescription drugs

Introduction
The prevalence of prescription opioid misuse has increased over the past decade.1–5 

Opioid overdose (OD) and mortality due to OD have also increased during this 

period.1–6 One initiative is to expand access to naloxone for use in both licit and illicit 

narcotic overdose cases.7,8 Naloxone, an antidote for opioids, has a history of safe 

and effective use by health care systems and providers in the treatment of OD and by 
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paramedics, emergency medical technicians, and emergency 

medicine physicians.9,10 For the past 2 decades, programs have 

offered overdose prevention education and have distributed 

naloxone for bystander administration among drug users, 

their family members, and their acquaintances.7 Currently, 

due to the increase in the prevalence of prescription opioid 

misuse and the wider use of heroin, there is growing interest 

in extending overdose education and naloxone distribution to 

conventional medical settings for patients who are prescribed 

pharmaceutical opioids.11 To implement an effective policy to 

address issues associated with patients who are at risk of OD, 

it is important to understand the health care characteristics, 

including OD factors associated with risk, treatment options, 

and health care outcomes among those who experienced ODs 

in health care settings.12

Recently, the diagnostic criteria for opioid-use disorders 

have been redefined.13 Although research suggests that the 

prevalence of these disorders will likely decrease as a result 

of this revision, the key predictors for these disorders are 

essentially the same.14 A recent study suggested that primary 

care and internal medicine physicians prescribed the largest 

percentage of opioids to patients who died from overdose,15 

pointing to the need for better surveillance tools for these 

providers. Additional research is needed to better detect the 

risk of OD in clinical practice and improve the dissemination 

of this information.16

In the research literature, specific demographic groups 

have been shown to be at greater risk of fatal OD, includ-

ing men, those aged 45–54 years, and non-Hispanic white 

persons.12 Rates are also reported to be higher in rural areas.7 

A recent study by Meyer et al17 noted that receiving prescrip-

tions for higher opioid doses are associated with an increased 

risk of OD death. An analysis using Veterans Health Admin-

istration data, as well as other data, has also confirmed the 

association between higher opioid consumption and increased 

risk of overdose death.12,18,19 In addition, co-prescription of 

benzodiazepines, antidepressants, and antipsychotics was 

also associated with experiencing an overdose.12 Research 

suggests that many patients taking opioids for chronic pain 

were often prescribed multiple psychoactive medications dur-

ing the same period.12,18 Concomitant illnesses often associ-

ated with overdose include opioid dependence, moderate or 

severe liver disease, metastatic solid tumor, and pancreatitis.12 

Illicit drug use and history of alcohol misuse are also associ-

ated with prescription opioid misuse.4,20

The current study describes the clinical and demographic 

characteristics of patients who have overdosed on opioids 

and assesses key factors associated with negative health 

outcomes and high health care resource utilization among 

those admitted to a large Pennsylvania health care system 

(the Geisinger Health System [GHS]). This study examines 

the electronic health records (EHRs) for outpatients, inpa-

tients, and emergency department patients for a period of 

up to 10 years. For more than a decade, Geisinger has used 

EHR data for population health management of chronic 

conditions, such as diabetes, asthma, and low back pain.21–23 

This EHR database can be leveraged to assess ODs and can 

be linked to prescription drug orders, other comorbid condi-

tions, and health care utilization and costs. The GHS includes 

Geisinger Clinic, a hospital/provider network with more than  

40 primary care clinics, a tertiary care teaching hospital, 

and ten other hospitals, as well as an insurance provider (the 

 Geisinger Health Plan). Geisinger serves more than 3 mil-

lion community residents throughout 45 counties in central, 

south-central, and northeast Pennsylvania and is the dominant 

health care provider in this region. In brief, Geisinger is a large 

physician-led health care system composed of ~1,600 primary 

and specialty care physicians, eleven hospital campuses, and 

30,000 employees, making it one of the largest employers and 

health care providers in Pennsylvania (www.geisinger.org). 

Each hospital in the Geisinger system has an onsite emergency 

department and these departments see a combined annual 

volume of >200,000 patient visits per year.

This study examines prescribed medications in the con-

text of medical conditions, and other factors, as these relate 

to a patient’s potential overdose risk. It is believed that this 

information will be instrumental in OD prevention, including 

in the identification of at-risk patients, in improving access 

to naloxone, and in informing more effective health system 

interventions.18,19,24 Noteworthy is that this study represents 

a service-area-wide study, not just local area patients, which 

examines OD cases admitted to the Geisinger system. 

 Significant is the fact that this diverse service area encom-

passes ~25,000 square miles in the state of Pennsylvania 

(Figure 1).

Methods
Study sample
The eligible patients for this study included all patients identi-

fied in the EHR who met the following criteria between April 

1, 2005, and March 31, 2015: had an International Classifica-

tion of Diseases (ICD)-9 diagnosis code for OD (defined as 

ICD-9 codes 965.00, 965.01, 965.02, 965.09 or ICD-9 ‘E’ 

codes E850.0, E850.1, E850.2, E935.0, E935.1, E935.2) and 

entered any inpatient, emergency room, or had an outpatient 

visit during this time period. Patients included in this study 
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were between the age of 10 years and 95 years and had one or 

more ODs based on these ICD-9 codes. We included patients 

as young as 10 years old in the current study, because we 

wanted to examine a broad spectrum of persons at risk of OD, 

as is common in national studies of drug misuse.25 Since this 

was a service-area-wide investigation of OD cases, all ODs 

were included in this study, including prescription opioids, 

illicit opioids such as heroin, and synthetic opioids used in 

addiction treatment, such as methadone. Overall, health care 

encounter data were examined for 1,174,120 unique patients, 

among which a total of 2,039 patients were identified as hav-

ing one or more ODs during the study time period.

Study measures
Using the EHR, medical demographic variables identified 

included age, sex, race, marital status, employment status, 

primary care physician status, health care insurance status, 

cigarette smoking, and body mass index. In addition, using 

ICD-9 codes, the Charlson comorbidity index was calculated 

for each patient,26 as was the history of comorbid conditions, 

including cardiovascular disease (CVD), hypertension, chronic 

kidney disease, liver disease, pancreatitis, diabetes, rheumatoid 

arthritis, obesity, hepatitis C, HIV disease, sexually transmit-

ted disease, chronic obstructive pulmonary disease (COPD), 

asthma, cancer, lower back pain, sleep apnea, and fibromyal-

gia.12 Mental health disorders examined, which were based on 

ICD-9 codes, included history of depression, anxiety disorders, 

psychosis, personality disorders, and drug/alcohol use disor-

ders. This study also examined the proximity of patients with 

OD to the GHS facilities. Thus, we included patient addresses 

for geospatial mapping and data analysis, as we describe later. It 

is noted that examination of the health care sites where patients 

typically received care indicated both outpatient primary care 

and specialty clinic locations were visited, although the OD 

encounter tended to take place at an inpatient or emergency 

department setting. Psychotherapeutic medications examined 

included not only prescription opioids but also antidepressant, 

anxiolytic, hypnotic, migraine, antipsychotic, buprenorphine, 

methadone, and benzodiazepine medications.12 Prescription 

opioid use, typically a significant predictor of OD, was analyzed 

Figure 1 ODs in Geisinger service area.
Abbreviations: GHS, Geisinger Health System; OD, opioid overdose.
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categorically by counting the number of prescription orders  

in the EHRs in the past 12 months before OD (0, 1–2, 3–8, 9+ 

orders), as was performed in earlier research.23,27 This EHR 

method works well with patients prescribed opioids episodi-

cally and/or who are not part of a health plan.23  Geisinger is 

an integrated, but open health care system that provides care 

for all payer groups in the region, including Medicare, Med-

icaid, those with private health insurance, and other groups. 

The EHR captures the health care encounters across all these 

payer groups, including the medications ordered by providers. 

We note that calculation of a “morphine equivalent dose” is 

limited with nonplan members, because these types of patients 

may receive opioids from multiple sources and prescription 

claims data are unavailable. Study outcomes examined included 

death, multiple ODs, inpatient hospitalization, emergency 

department use, outpatient visits, naloxone orders, and total 

costs 12 months after the index OD event. Patients with at 

least eight outpatient visits within 12 months after the first OD 

event (the 75th percentile among all OD cases) were defined 

as those with high outpatient visits. Likewise, the individuals 

whose total health care cost, including inpatient, outpatient, 

and emergency department charges during the 12 months post 

index OD period, was $36,169 or higher (the 75th percentile 

of the charges among all OD cases) were defined as those 

with high costs. For these estimates, we used health care 

charges from billing data, which may overestimate costs, but 

is a good relative measure of resource utilization.28 Given the 

insurance status of the study sample (eg, Medicare, Medicaid, 

private insurance, and self-pay), these charge data represent a 

measure of overall resource utilization and are an important 

study outcome. Cost/charge data are typically not normally 

distributed and present challenges in linear analyses, rendering 

interpretation difficult. Consequently, we chose to use a percen-

tile cut-point, as performed in earlier research.27 We chose the 

75th percentile to define high charges based on past research 

and the utility of these health economic end points.27,29 Finally, 

Geisinger routinely collects the data on death and the date of 

death for patients for quality care and research purposes and 

uses multiple sources for these data, including the Pennsylva-

nia Department of Health, social security records, and family/

provider reports of death in the course of health care delivery. 

These data end points are then included in the EHRs and are 

available for research and quality improvement purposes.

Analytic approach
For our analyses, we used data from the patient’s EHR for a 

period of up to 10 years to examine factors associated with 

OD and factors that may lead to adverse outcomes  post-OD. 

To examine the key variables associated with post-OD 

outcomes, we first describe demographic and clinical char-

acteristics of patients and key study outcome experiences 

post-OD (mortality, repeated OD events, health care utiliza-

tion, and cost) within 12 months after the index OD event  

(Table 1). For analysis purposes, the index event for this 

study was the occurrence of the first documented OD event. 

Histories of a chronic disease and/or mental disorders were 

coded as present, if they occurred any time within a year of 

the first OD, but not before 2005. Similarly, psychotherapeu-

tic medication use was assessed in the 12-month window up 

to the first OD. Finally, to examine key patient characteristics 

related to the post-OD outcomes, we use stepwise multiple 

logistic regression analyses to identify the best predictors 

for OD outcomes of interest using backward elimination, 

after the examination of statistically significant bivariate 

associations. Age (in years) and male sex were retained in 

all these stepwise regressions to limit potential confound-

ing. Since the outcomes of interest were defined as binary 

measures (eg, mortality, high utilization, and high cost), 

we used multiple logistic regression analyses. All analyses 

were conducted using Stata Version 13.1 software (Stata 

Corporation,  College Station, TX, USA), with statistical 

differences of a P-value of <0.01 considered significant, 

due to the number of assessments made to account for the 

potential statistical bias caused by multiple comparisons.30 

The geospatial procedure used for mapping OD cases 

(Figure 1) included the use of ArcGIS for Desktop, Version 

10.1 (2012); Environmental Systems Research Institute, 

Redlands, CA, USA. We used the estimated centroid for the 

patient’s five-digit residential zip code to define OD location. 

Finally, Geisinger’s Institutional Review Board approved 

this study. The review board did not require written consent 

to be obtained from the patients, as the study included de-

indentified data only.

Results
We identified a study sample of 2,039 patients, between the 

age of 10 years and 95 years, who had an ICD-9 diagnosis 

code for one or more ODs. Table 1 shows the baseline 

characteristics and study outcomes, and Figure 2 shows the 

overall age distribution of this sample. Patients were more 

often white (96.2%), had a mean age of 51.6 years, but were 

similar with respect to sex, with 53.7% female vs 46.3% 

male (Table 1). In addition, while the patients with OD were 

distributed widely across age groups, a significant number 

of OD cases occur in the age group of 20–40 years, as well 

as in the age group of 45–55 years (Figure 2).
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Table 1 Study demographic and outcome variables among patients with one or more ODs (N=2,039)

Demographic variables Patients, n (%) 95% CI

Age groups (years)
10–17 41 (2.01) 1.48–2.72
18–35 530 (25.99) 24.13–27.94
36–55 630 (30.90) 28.93–32.94
56–64 242 (12.87) 10.53–13.35
65–95 596 (29.23) 27.29–31.24

Sex
Male 944 (46.34) 44.18–48.52
Female 1,093 (53.66) 51.48–55.82

Race
White 1,961 (96.17) 95.25–96.93
Non-white 78 (3.83) 3.07–4.75

Marital status
Married 736 (36.10) 34.04–38.21
Not married 1,303 (63.90) 61.79–65.96

Employment status
Employed 449 (22.02) 20.27–23.87
Not employed 1,590 (77.98) 76.13–79.73

Private/commercial insurance 
Yes 1,071 (52.53) 50.35–54.69
No 968 (47.47) 45.31–49.65

Geisinger PCP
Yes 1,767 (86.66) 85.11–88.07
No 272 (13.34) 11.93–14.89

Has three or more chronic diseases
Yes 356 (17.46) 15.87–19.17
No 1,683 (82.54) 80.83–84.13

Charlson chronic disease score 4+
Yes 749 (36.73) 34.67–38.85
No 1,290 (63.27) 61.15–65.33

Any mental disorder pre-OD
Yes 723 (35.46) 33.41–37.56
No 1,316 (64.54) 62.44–66.59

Index OD event: heroin or methadone
 Yes 420 (20.60) 18.90–22.41
 No 1,619 (79.40) 77.59–81.10
Outcome variables
Inpatient admissions 1 year post-OD

Yes 581 (28.49) 26.57–30.50
No 1,458 (71.51) 69.50–73.43

Emergency department visits 1 year post-OD
Yes 656 (32.17) 30.18–34.23
No 1,383 (67.83) 65.77–69.82

High number of outpatient visits (75th percentile) 1 year post-OD
Yes 546 (26.78) 24.90–28.74
No 1,493 (73.22) 71.26–75.10

High total costs (75th percentile) 1 year post-OD 
Yes 509 (24.96) 23.13–26.89
No 1,530 (75.04) 73.11–76.87

Two or more ODs 
Yes 96 (4.71) 3.87–5.72
No 1,943 (95.29) 94.28–96.13

Naloxone Rx order 1 year post-ODa

Yes 191 (9.37) 8.18–10.71
No 1,848 (90.63) 89.29–91.82

Died within 1 year post-OD
Yes 191 (9.37) 8.18–10.71
No 1,848 (90.63) 89.29–91.82

Notes: All patients had one or more ICD-9-coded ODs during the study period (age range: 10–95 years). aNaloxone Rx order 1 year pre-OD =17.3 (95% CI =15.7–19.0).
Abbreviations: CI, confidence interval; ICD-9, International Classification of Diseases-9; OD, opioid overdose; PCP, primary care physician; Rx, prescription.
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Furthermore, 36.1% of patients in the sample were cur-

rently married and over half had private health insurance 

(52.5%; Table 1). We also observed a high level of comorbid-

ity in this study sample, with 36.3% of these patients having 

a Charlson comorbidity score of 4+ in the year prior to their 

overdose (Table 1). Notably, a large proportion of overdose 

subjects (86.7%) had a primary care provider within the 

Geisinger system, suggesting potential access to health care 

services. Noteworthy, however, was that 20.6% of OD cases 

overdosed on heroin or methadone (Table 1). Approximately 

95% of the study sample only had one overdose, but 9.4% of 

these patients died within 1 year of the index overdose date 

(Table 1). We also found that 32.2% of patients with an over-

dose had an emergency room visit within 1 year after their 

overdose (38% had an emergency room visit 1 year before 

their overdose), and only 9.4% had naloxone prescribed to 

them by a Geisinger provider post-OD. Noteworthy is that 

17.3% had naloxone prescribed to them through Geisinger 

the year before their OD (Table 1, notes section).

Table 2 shows significant increases (P<0.01) in the preva-

lence of death within 12 months post-OD among patients 

with comorbid medical conditions, including CVD, hyperten-

sion, chronic kidney disease, diabetes, COPD, and cancer.  

Table 2 also shows that 15.5% of the overdose sample had 

nine or more prescription orders for opioids in the year before 

their first overdose and that significant numbers of these 

patients were also receiving other psychoactive medications 

pre-OD, including anxiolytic (36.1%), hypnotic (27.7%), 

migraine (46.3%), and benzodiazepine (32.9%) medicines, 

all of which were associated with increased mortality risk.

Tables 3–6 show the multiple logistic regression analyses 

assessing the determinants of death, multiple overdoses, 

increased utilization, and higher costs. The best predictors 

for death within 1 year of overdose were cancer (odds ratio 

[OR] =4.22), a Charlson score >4 (OR =2.31), diabetes  

(OR =2.18), any substance misuse disorders (OR =2.86), and 

9+ opioid prescriptions in the past year (OR =2.29). Factors 

protective of death within a year of overdose included having 

a Geisinger primary care provider (OR =0.48), commercial or 

private insurance (OR =0.52), and somewhat counterintuitively,  

having a mental health disorder (OR =0.55; Table 3). The 

best predictor of multiple ODs was buprenorphine use pre-

OD (OR =12.30; Table 4). However, more consistent with 

post-OD mortality, a pattern for higher patient utilization 

and higher costs post-OD was noted (Tables 5 and 6). For 

example, patients who had comorbid medical conditions, 

mental or substance use disorders, higher prescription opioid 

use, and used other psychotropic drugs the year before OD 

were more likely to have higher health care costs and higher 

service utilization post-OD (Tables 5 and 6). For example, 

higher outpatient service use post-OD was observed among 

those with pre-OD CVD (OR =1.62), with cancer (OR 

=1.70), with mental health disorders (OR =1.52), and those 

who had nine or more prescription orders for opioids pre-OD 

Figure 2 Study age distribution among patients with one or more ODs.
Abbreviation: OD, opioid overdose.
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Table 2 Significant bivariate results (P<0.01) for patient deaths within 1 year post-OD among patients with one or more ODs (N=2,039)

Variables Patients, n (%) Dead (%) 95% CI Alive (%) 95% CI P-value

Age groupsa (years) <0.001
10–35 571 (28.00) 1.75 0.94–3.23 98.25 96.77–99.06
36–55 630 (30.90) 6.51 4.83–8.72 93.49 91.28–95.17
56–64 242 (11.87) 12.81 9.15–17.65 87.19 82.35–90.85
65–95 596 (29.23) 18.29 15.38–21.60 81.71 78.40–84.62

Sex 0.0038
Male 944 (46.2) 11.33 9.46–13.52 88.67 86.48–90.54
Female 1,093 (53.8) 7.59 6.16–9.32 92.41 90.68–93.84

Marital status 0.0009
Married 736 (36.10) 12.23 10.05–14.8 87.77 85.2–89.95
Not married 1,303 (63.90) 7.75 6.42–9.34 92.25 90.66–93.58

Employment status <0.001
Employed 449 (22.02) 3.79 2.37–6.01 96.21 93.99–97.63
Not employed 1,590 (77.98) 10.94 9.50–12.58 89.06 87.42–90.5

CVD pre-OD <0.001
Yes 451 (22.10) 20.18 16.72–24.14 79.82 75.86–83.28
No 1,588 (77.9) 6.30 5.20–7.60 93.70 92.4–94.8

Hypertension pre-OD <0.001
Yes 553 (27.12) 17.18 14.26–20.56 82.82 79.44–85.74
No 1,486 (72.88) 6.46 5.32–7.83 93.54 92.17–94.68

Chronic kidney disease pre-OD <0.001
Yes 145 (7.11) 24.83 18.47–32.5 75.17 67.5–81.53
No 1,894 (92.89) 8.18 7.03–9.51 91.82 90.49–92.97

Diabetes pre-OD <0.001
Yes 280 (13.73) 22.14 17.66–27.39 77.86 72.61–82.34
No 1,759 (86.27) 7.33 6.20–8.65 92.67 91.35–93.8

COPD pre-OD <0.001
Yes 162 (7.95) 23.46 17.56–30.6 76.54 69.4–82.44
No 1,877 (92.05) 8.15 7.00–9.48 91.85 90.52–93.00

Cancer pre-OD <0.001
Yes 261 (12.80) 34.48 28.96–40.46 65.52 59.54–71.04
No 1,778 (87.20) 5.68 4.70–6.86 94.32 93.14–95.31

Opioid Rx order pre-ODb <0.001
None 662 (32.47) 5.44 3.95–7.45 94.56 92.55–96.05
1–2 orders 648 (31.78) 5.86 4.30–7.96 94.14 92.04–95.71
3–8 orders 413 (20.26) 12.59 9.72–16.16 87.41 83.84–90.28
9+ orders 316 (15.50) 20.57 16.46–25.39 79.43 74.61–83.54

Antianxiety Rx order pre-OD <0.001
Yes 735 (36.05) 13.20 10.93–15.84 86.80 84.16–89.07
No 1,304 (63.95) 7.21 5.92–8.75 92.79 91.25–94.08

Hypnotic Rx order pre-OD 0.0061
Yes 564 (27.66) 12.23 9.78–15.21 87.77 84.79–90.23
No 1,475 (72.34) 8.27 6.97–9.79 91.73 90.21–93.03

Migraine Rx order pre-OD <0.001
Yes 944 (46.30) 12.61 10.63–14.88 87.39 85.12–89.37
No 1,095 (53.70) 6.58 5.25–8.21 93.42 91.79–94.75

Antipsychotic Rx order pre-OD <0.001
Yes 406 (19.91) 15.27 12.09–19.11 84.73 80.89–87.91
No 1,633 (80.09) 7.90 6.69–9.31 92.10 90.69–93.31

Muscle Rx relaxant order pre-OD 0.0099
Yes 388 (19.03) 5.93 3.97–8.77 94.07 91.24–96.03
No 1,651 (80.97) 10.18 8.81–11.73 89.82 88.27–91.19

Benzodiazepine Rx order pre-OD <0.001
Yes 670 (32.86) 13.88 11.46–16.71 86.12 83.29–88.54
No 1,369 (67.14) 7.16 5.91–8.65 92.84 91.35–94.09

Notes: All patients had one or more ICD-9-coded ODs during the study period (age range: 10–95 years). aSince no deaths occurred among the age group of 10–17 years, 
this group was collapsed into the age group of 18–35 years. bOpioid Rx orders 1 year post-OD: none =30.0%; 1–2 Rx orders =23.7%; 3–8 Rx orders =30.2%; nine or more 
Rx orders =16.1%.
Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; ICD-9, International Classification of Diseases-9; OD, 
opioid overdose; OR, odds ratio; Rx, prescription.
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(OR =4.62; Table 5). Those with higher cost post-OD tended 

to have medical comorbidities, other psychotropic medication 

use, and higher prescription opioid use before OD (Table 

6). Having a Geisinger primary care physician pre-OD was 

associated with higher cost and higher utilization post-OD 

(Tables 5 and 6).

Figure 1 is a geographic map of Geisinger’s catchment 

area, with the residences of the patients experiencing overdoses 

plotted within this service area. While overdoses occur more 

frequently in urban areas, a large part of the study area consists 

of rural communities (Figure 1). This GHS catchment area 

encompasses ~45 counties in the state of Pennsylvania.

Finally, it is noted that while having a naloxone order 

post-OD was an outcome of interest in our study (Table 1), 

the prediction model for this outcome fit poorly (area under 

the receiver operating characteristic curve =0.69), and the 

best predictor of this outcome (OR =2.28) was having a 

naloxone order pre-OD. Consequently, these results are not 

shown in this article, but are available upon request from the 

corresponding author.

Table 3 Significant multiple logistic regression results (P<0.01) for patient deaths 1 year post-OD among patients with one or more 
ODs (N=2,039)

Variablesa OR 95% CI P-value

Mental health disorder pre-OD 0.55 0.35–0.86 0.008
Cancer pre-OD 4.22 2.83–6.30 <0.001
Geisinger PCP pre-OD 0.48 0.29–0.80 0.005
Benzodiazepine Rx order pre-OD 1.76 1.19–2.60 0.004
Diabetes pre-OD 2.18 1.44–3.31 <0.001
Commercial/private insurance pre-OD 0.52 0.36–0.75 0.001
Substance use disorders pre-OD 2.85 1.42–5.76 0.003
Muscle relaxant Rx pre-OD 0.39 0.23–0.66 <0.001
Opioid Rx orders 9+ pre-OD vs none 2.29 1.48–3.54 <0.001
Charlson chronic disease score 4+ pre-OD 2.31 1.27–4.22 0.006

Notes: Area under the ROC curve =0.85; Hosmer–Lemeshow test = P>0.99. Results shown are for significant variables that were retained in the final model with a P-value 
of <0.01. All patients had one or more ICD-9-coded ODs during the study period (age range: 10–95 years). aAge (in years) and male sex were also included in the logistic 
regression, resulting in an adjusted age OR =1.01, P=0.036, and an adjusted male sex OR =1.56, P=0.014, in the final stepwise model.
Abbreviations: CI, confidence interval; ICD-9, International Classification of Diseases-9; OD, opioid overdose; OR, odds ratio; PCP, primary care physician; ROC, receiver 
operating characteristic.

Table 4 Significant multiple logistic regression results (P<0.01) for multiple OD events among patients with one or more OD (N=2,039)

Variablesa OR 95% CI P-value

Anticonvulsant Rx order pre-OD 1.96 1.23–3.14 0.005
CVD pre-OD 0.28 0.12–0.69 0.006
Buprenorphine Rx order pre-OD 12.30 5.92–25.53 <0.001
Migraine Rx orders pre-OD 0.46 0.28–0.75 0.002

Notes: Area under the ROC curve =0.71; Hosmer–Lemeshow test = P>0.71. Results shown are for the significant variables that were retained in the final model with a 
P-value of <0.01. All patients had one or more ICD-9-coded ODs during the study period (age range: 10–95 years). aAge (in years) and male sex were also included in the 
logistic regression, resulting in an adjusted age OR =1.00, P=0.230, and an adjusted male sex OR =1.40, P=0.136, in the final stepwise model.
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; ICD-9, International Classification of Diseases-9; OD, opioid overdose; OR, odds ratio; ROC, receiver 
operating characteristic; Rx, prescription.

Table 5 Significant multiple logistic regression results (P<0.01) for high number of outpatient visits (75th percentile) 1 year post-OD 
among patients with one or more ODs (N=2,039)

Variablesa OR 95% CI P-value

Mental health disorder pre-OD 1.52 1.20–1.92 <0.001
Geisinger PCP pre-OD 1.97 1.29–3.02 0.002
CVD pre-OD 1.62 1.23–2.12 0.001
Commercial/private insurance pre-OD 1.74 1.39–2.19 <0.001
Opioid Rx orders 1–2 pre-OD vs none 2.32 1.68–3.20 <0.001
Opioid Rx orders 3–8 pre-OD vs none 3.33 2.36–4.72 <0.001
Opioid Rx orders 9+ pre-OD vs none 4.62 3.20–6.68 <0.001
Cancer pre-OD 1.70 1.26–2.30 <0.001

Notes: Area under the ROC curve =0.74; Hosmer–Lemeshow test = P>0.79. Results shown are for significant variables that were retained in the final model with a P-value 
of <0.01. All patients had one or more ICD-9-coded ODs during the study period. aAge (in years) and male sex were also included in the logistic regression model, resulting 
in an adjusted age OR =1.01, P=0.004, and an adjusted male sex OR =0.76, P=0.017, in the final stepwise model. 
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; ICD-9, International Classification of Diseases-9; OD, opioid overdose; OR, odds ratio; PCP, primary 
care physician; ROC, receiver operating characteristic; Rx, prescription.
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Discussion
Over the past decade, there has been an increase in the 

number of ODs in the US.1–6 Results of the current study 

suggest that there may be opportunities to address the causes 

and consequences of OD from a health care system perspec-

tive. The observation that the majority of OD patients have 

a primary care provider and have private insurance supports 

the fact that there may be resources within the health care 

system to address this problem. Thus, opportunities for the 

prevention of OD, including the identification of at-risk 

patients, better health care system communications, improv-

ing access to naloxone in patient care settings, and follow-

up care for substance use disorders, may have a significant 

impact on the reduction in ODs.8 As was shown, among our 

study sample of 2,039 patients with one or more ODs, only 

9.4% of these patients had an order for naloxone in the EHR 

post-OD, suggesting a current naloxone access issue and 

opportunities for improvement (Table 1). A notable finding 

from this study is the use of prescription opioids.15 Based 

on EHR data, more than 60% of the patients had access to 

prescription opioids in the 12 months before their OD event. 

This supports the growing body of literature examining the 

increase over the past decade in the misuse of prescription 

opioids.8,31

This study also shows significant variation for OD with 

regard to age. A large group of the OD sample is aged 

20–30 years, which is in line with other research showing 

how this disorder affects younger adults.4 However, there are 

other noteworthy age groupings, including those patients in 

their 50s, 60s, and 70s. Another of note demographic finding 

is that the proportion of women in this sample of patients with 

OD is somewhat higher than men (54% vs 46%), which has 

been previously reported in the research literature related to 

prescription opioid misuse.14

Previous research has shown that ODs tend to be clustered 

in certain geographic areas,32 and this is certainly true for 

the current study (Figure 1). More effective interventions 

could be implemented by focusing on these OD “hotspots”.32 

 Primary care as well as specialty care physicians in these 

areas should be better informed related to OD interventions 

and the use of naloxone.

Although this study has its strengths, it also has limi-

tations. One is that the data collected were from patients 

within a single health care system. Although this system 

does provide services to a large percentage of the popula-

tion within a vast 25,000 square mile catchment area, there 

are other facilities whose data would not be included in this 

analysis. Thus, this study does not identify all overdose cases 

in the geographic area. Another issue includes the broad 

eligibility criteria applied to the study sample. Since we used 

only OD codes and age to select cases, we are limited with 

respect to the continuous eligibility for the study sample, 

which means health records for some patients may not be 

complete. However, the fact that ~90% of patients admitted 

for OD care had a Geisinger primary care physician sug-

gests that this bias may be limited. In addition, the age range 

included in this study was broad (eg, 10–95 years old), thus 

further analysis may be required, since different age groups 

may have different underlying etiologies and outcomes. 

Another limitation is that our study did not have data on 

the “cause of death”, but only on the date of death. Thus, 

some patients may have died from natural causes unrelated 

to OD. Another limitation is that older patients on long-term 

opioids may have a host of medical problems and any one of 

these may have hastened their death, so this association is 

likely confounded. Thus, it is not surprising that there was 

an association with death up to 1 year post-OD. This asso-

ciation has been recently reported in the research literature 

Table 6 Significant multiple logistic regression results (P<0.01) for high total costs (75th percentile) 1 year post-OD among patients 
with one or more ODs (N=2,039)

Variablesa OR 95% CI P-value

Geisinger PCP pre-OD 1.97 1.26–3.08 0.003
Opioid Rx orders 1–2 pre-OD vs none 2.06 1.44–2.97 <0.001
Opioid Rx orders 3–8 pre-OD vs none 3.14 2.12–4.65 <0.001
Opioid Rx orders 9+ pre-OD vs none 4.62 3.04–7.01 <0.001
Charlson chronic disease score 4+ pre-OD 2.57 1.83–3.61 <0.001
Migraine Rx order pre-OD 1.48 1.14–1.92 0.003
Antianxiety Rx order pre-OD 1.44 1.13–1.85 0.004
CVD pre-OD 2.15 1.63–2.86 <0.001

Notes: Area under the ROC curve =0.78; Hosmer–Lemeshow test = P>0.393. Results shown are for significant variables that were retained in the final model with a P-value 
of <0.01. All patients had one or more ICD-9-coded ODs during the study period. aAge (in years) and male sex were also included in the logistic regression model, resulting 
in age OR =0.99, P=0.023, and male sex OR =0.92, P=0.92, in the final stepwise model.
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; ICD-9, International Classification of Diseases-9; OD, opioid overdose; OR, odds ratio; PCP, primary 
care physician; ROC, receiver operating characteristic; Rx, prescription.
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as well.33 Additional research is planned, including research 

to be conducted within the national Health Care Systems 

Research Network in the near future.34 We also examined 

a number of predictor variables and consequently set the 

minimum P-value for statistical significance at 0.01, which 

may have biased some analysis. For example, the findings 

for buprenorphine use were limited, since only 37 patients 

(1.8%) had an order for this medication in the EHR pre-OD. 

The majority of clinicians, ~80%, did not prescribe this 

medication at Geisinger in the past year. Given the latter, 

while buprenorphine use was significant in predicting mul-

tiple ODs (OR =12.30), this prediction model was limited 

(Table 4). Furthermore, we used stepwise logistic regres-

sion, which is a straightforward statistical method to select 

among multiple predictor variables. However, this approach 

may have biased our study findings.35 The strength of using 

the stepwise approach, nevertheless, is that it is empirically 

based and it requires few statistical assumptions.35 Finally, 

the use of health care “charge” data as opposed to actual cost 

data is also a study limitation that needs to be addressed.

Conclusion
Although our research tends to validate previous findings, it 

is unique because it shows the extent and variation of ODs 

in a large geographic area dominated by a major health care 

system. Consequently, the findings of this study can be used 

to guide this health care system, as well as others, in imple-

menting better policies for improving addiction medicine and 

OD care. One example that is currently in development is the 

“Escalation of Care Model” being implemented at Geisinger. 

For this program, the Pain Medicine Department is working 

in collaboration with clinical pharmacist and primary care 

physician groups to address the clinical appropriateness 

of long-term prescription opioid use and daily morphine 

equivalent dosing. This is being performed to develop 

and integrate longitudinal patient education, support, and  

monitoring programs and to promote increased use of non-

opioid medication regimens. It is believed that this new “care 

model” will optimize the treatment of pain, while minimizing 

the potential side effects related to the long-term opioid use. 

There are other actions that health care systems can explore 

to manage this population more effectively. For example, the 

EHR may help health care systems to notify primary care 

physicians and specialists of high-risk patients in real time. 

The updating of guidelines and operation manuals focusing 

on distributing naloxone to those in need may also help. 

Further research is planned to assess these interventions 

among patients who are at high risk for OD.
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