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INTRODUCTION

In recent decades, the United States (US) has experienced a phenome-
non of over-prescribing opioid medications, leading to a surge in both

opioid use disorder and overdose [1, 2]. Opioid use disorder is
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Abstract

Aim: To quantify the healthcare costs associated with opioid use disorder among mem-
bers in a public healthcare system and compare them with healthcare costs in the gen-
eral population.

Design: Retrospective cohort study.

Setting: Inpatient and outpatient care settings of Israel’s largest public healthcare pro-
vider (that covers 4.7 million members).

Participants: Participants included 1173 members who had a diagnosis of opioid use dis-
order in the years between 2013 and 2018. Each patient was matched with 10 controls
based on age and sex.

Measurements: The main outcome was monthly healthcare costs.

Findings: The mean monthly healthcare cost of members with opioid use disorder was
$1102 compared with $211 among controls (5.2-fold difference; 95% Cl, 4.6-6.0). After
excluding members with heroin related diagnoses before the index date (to focus on pre-
scription opioids), this healthcare cost ratio did not substantially change (4.6-fold; 95%
Cl, 3.9-5.4). Members with opioid use disorder under the age of 65 years had a cost dif-
ference of 6.1-fold (95% Cl, 5.2-7.1), whereas those 65 years and older experienced cost
difference of 3.4-fold (95% Cl, 2.6-4.5), compared with controls. The category with the
highest cost for members with opioid use disorder was inpatient services, which was
8.7-fold (95%Cl, 7.2-10.4) greater than among controls.

Conclusions: Healthcare costs among individuals with opioid use disorder in Israel’s pub-
lic health system are substantially higher than among controls, at least partially attribut-
able to prescription opioid use disorder. Differences are greater among individuals under

65 years.
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associated with health-related harm, such as respiratory depression,
digestive problems and death [3]. Opioid use disorder is also related
to other health hazards, including needle sharing for intravenous drug
use and risky sexual practices, increasing the risk for hepatitis C and

human immunodeficiency virus (HIV) [4].
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The increase in opioid prescriptions in the United States has also
been associated with increased utilization of health care services. The
annual cost of the population identified with opioid abuse in the
United States has been found to be eight times higher than that of
the general population, with 12 times more inpatient visits [5-8]. Nev-
ertheless, data pertaining to healthcare costs attributed to opioid use
disorders in countries with a public healthcare system are lacking [9].
Although previous studies on healthcare costs associated with opioid
use exist, these were largely conducted before the opioid epidemic
and focus on costs associated with heroin use or drug use in general
at a time when heroin was a leading drug of abuse [10-12]. The rise
in opioid use disorders that stem from prescription opioids and fenta-
nyl suggests a need for more recent studies that also examine opioid
use disorder among non-heroin users [13].

In recent years, an alarming increase in opioid prescriptions and
the associated use disorder has occurred in other countries in the
Organization for Economic Cooperation and Development (OECD).
The largest opioid prescription increase in the OECD between 2011
and 2016 occurred in Israel, with a 125% increase; the second highest
increase was in the United Kingdom. The Israeli increase in opioid
consumption occurred mainly with oxycodone and fentanyl, which are
highly addictive [14] and are predominantly prescribed to non-elderly
patients who do not suffer from malignancy, characteristics that have
been found to increase the risk of developing opioid abuse [15]. There
have been specific reports of increasing opioid use disorder in Israel,
the United Kingdom and other countries with public healthcare sys-
tems; yet, the health care burden of opioid abuse in these countries
has been studied to a lesser extent than in the United States [16, 17].

The current study examined differences in healthcare costs between
individuals with opioid use disorders and matched controls between the
years 2014 and 2018. The goal was to quantify the overall cost differ-
ence, as well as the cost difference among specific sub-groups, to deter-

mine the healthcare costs associated with opioid use disorder.

METHODS
Study setting and population

The study was based on the data of Clalit Health Services (CHS), Israel's
largest integrated payer/provider healthcare organization, with 4.7 mil-
lion patients (53% of the population). All clinical and administrative data
on CHS patients is saved in an electronic health record database; pre-
scribing and dispensing information is included, along with diagnoses

and services received in both outpatient and inpatient settings.

Study design

This retrospective cohort study compared the healthcare costs of
patients with opioid use disorder and their matched controls between
1 January 2014 and 31 December 2018. The study population
included individuals 18years and older who had continuous

membership in CHS for at least 12 months before the index date
(to ensure sufficient data in the electronic medical record).

Patients with opioid use disorder were identified based on Inter-
national Classification of Diseases, Ninth and Tenth Revision (ICD-9
and ICD-10) diagnosis codes (opioid abuse, 305.5 and F11.1; opioid
dependence, 304.0, 304.7 and F11.2; Table S1) or diagnosis text
denoting an opioid use disorder, as recorded in CHS'’s inpatient and
outpatient databases by the treating physician. The index date was
set as the date of the first opioid use disorder diagnosis during the
study period (1 January 2014 to 31 December 2018).

Each patient with an opioid use disorder was individually matched
to 10 other persons without an existing opioid use disorder diagnosis.
The amount of 10 controls per patient was chosen to ensure that
each patient with opioid use disorder has the same number of con-
trols and that they are not matched to other patients. Patients were
matched based on age and sex. The index date for the control was set
according to their matched patient’s index date.

The outcome of interest was healthcare costs as incurred by
CHS. Costs were examined overall and by categories of service,
including inpatient care, emergency room care, prescription drug pur-
chasing, outpatient care, laboratory testing and imaging.

Costs were evaluated as a monthly rate. Each patient contributed
time-under-observation 12 months following each opioid use diagno-
sis. Overlapping periods, which occurred if a patient was diagnosed
several times within 12 months, led to a continuous time-under-
observation. Patients who died during the follow-up period (within
12 months of a diagnosis) contributed time until their death. Controls
contributed the same amount of time as their matched patients.
Because patients diagnosed in the year preceding the study period
could still contribute time-under-observation to the study, data were
extracted between 1 January 2013 and 31 December 2018. If a
patient was diagnosed with opioid use disorder between 1 January
2013 and 31 December 2013, the index date for the healthcare cost
calculation would start on 1 January 2014 and continue until a year
has passed from the diagnosis date.

Data on each patient and their matched controls included
sociodemographic information, clinical characteristics and com-
orbidities; sociodemographic and comorbidity data were collected cur-
rent to the index date. Clinical characteristics were defined as the last

values recorded before the index date.

Statistical analysis

Patients were described in regards to socioeconomic status (SES) (low,
medium, high), based on their address and the SES definition of the
Israeli Central Bureau of Statistics, which accounts for income, hous-
ing, employment [18], religion (Jewish or non-Jewish), country of birth
(Israel or outside Israel) and periphery residence (southern and north-
ern districts). Patients were also described in regards to Body mass
index (BMI), smoking status, Charlson Comorbidity Index and disease
history (chronic pulmonary disease, ischemic heart disease, anxiety,

depression, opioid use disorder, opioid overdose, heroin overdose,
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HIV, hepatitis C, mental health disease, cancer and diabetes). BMI and
smoking data were missing for <2% of participants, and for those vari-
ables, the denominator included patients with non-missing data. His-
tory of opioid use was defined as prescription dispensations that
occurred before the diagnosis of opioid use disorder. Characteristics
were compared using the Wilcoxon signed-rank test for continuous
variables and the y? test for discrete variables (P < 0.05).

We examined the ratio between the mean healthcare cost of
members with opioid use disorder divided by that of the controls,
which was translated from the local currency, New Israeli shekel (NIS),
to US dollar (at a ratio of 1 NIS =USD 0.31). The costs were averaged
over months of exposure. The Cl of this healthcare cost ratio was cal-
culated using the percentile bootstrap method with 10 000 iterations.

As a sensitivity analysis and to focus particularly on populations
with prescription opioid use disorder (by excluding heroin use), the
ratio was also examined separately among members without HIV,
hepatitis C and heroin poisoning before the index date (as an indicator
of probable heroin use). The analysis was also stratified by sex and
age (18-64 years vs 65 years and older). Specific analyses pertaining
to different healthcare costs included inpatient costs, emergency
room visits, outpatient services, prescription drug purchases, labora-
tory tests and imaging. Finally, we analysed the most common diagno-
ses, for which healthcare services were provided. The analysis was
performed using the R statistical package. The primary research ques-
tion and the analysis plan were not pre-registered on a publicly avail-
able platform and the results should be considered exploratory under
this journal’s guidelines. This study was approved by the CHS institu-

tional review board.

RESULTS

Opioid dependence was diagnosed at least once in 126 members in
2013 and started to increase after 2015, reaching 271 members by
2019. Opioid abuse was diagnosed in 78 members in 2013 and
started to increase after 2016, reaching 168 members by 2019
(Figure 1).

Ouir final study population included 1173 patients. Patients diag-
nosed with opioid use disorder were matched to 11 730 controls by
sex and age. The majority of the participants were male (74.3%) and
had a median age of 51 years (Table 1).

When compared with controls, those with opioid use disorder
were approximately four times more likely to have a history of mental
health disease, to be underweight (BMI below 20 kg/m?) and three
times more likely to smoke. They were also 15 times more likely to
have HIV and 30 times more likely to have hepatitis C (Table 2).

The mean monthly healthcare cost for members with opioid use
disorder was $1102 compared to $211 among controls, a 5.2-fold dif-
ference (95% Cl, 4.6-6.0) (Table 3). After excluding members with
HIV, hepatitis C, or heroin overdose before the index date, the
monthly healthcare cost of members with opioid use disorder was
$979, compared to $124 among controls, a difference of 4.6-fold
(95% Cl, 3.9-5.4).
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FIGURE 1 Opioid use diagnoses by year. The Y axis indicates the
number of members with a given diagnosis per year, and the X axis
indicates the year of diagnosis. Yellow indicates opioid dependence;
red indicates opioid abuse; blue indicates overdose from opium
(including morphine); green indicates overdose from heroin; and
purple indicates overdose from other opioids (primarily oxycodone
and fentanyl). OD = overdose

For individuals ages 18-64 years (non-elderly adults), the monthly
healthcare cost among those with opioid use disorder was $1049,
whereas among controls it was $173, a difference of 6.1-fold (95% Cl,
5.2-7.1). For those ages 65years and older (elderly), the monthly
healthcare cost in members with opioid use disorder was $1369, and
in controls it was $399, a difference of 3.4-fold (95% Cl, 2.6-4.5).

Among men, the monthly healthcare cost in members with opioid
use disorder was $1414, compared to $193 among controls, a differ-
ence of 5.6-fold (95% Cl, 4.7-6.5). Among women, the monthly
healthcare cost for those with opioid use disorder was $1181 per
month, compared to $261 among controls, a difference of 4.5-fold
(95% Cl, 3.5-5.8).

Among those with high SES, the monthly healthcare cost in mem-
bers with opioid use disorder was $1414, which was higher than con-
trols by 5.6-fold (95% Cl, 3.7-8.5). Individuals with opioid use
disorder in the medium and lower SES groups had lower absolute
healthcare costs compared to the high SES group, but had a similar
ratio of costs compared to the controls in the same SES group
(Figure 2).

The medical service that was associated with the highest cost
among those with opioid use disorder was inpatient services, which
accounted for an average of $742 a month and was higher than con-
trols by 8.7-fold (95% Cl, 7.2-10.4). The medical service with the sec-
ond highest cost among those with opioid use disorder was
prescription drug dispensing, which accounted for a monthly average
of $218, which was higher than controls by 3.3-fold (95% Cl, 2.6-4.1)
(Figure 3).

After excluding cases with HIV, hepatitis C, or heroin use before
the index date, most healthcare costs in members with opioid use dis-
order were derived from inpatient services ($429/month), which were
7-fold (95% Cl, 5.7-8.7) higher than among controls.
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TABLE 1 Demographic characteristics of the patient population

Opioid use disorder Controls P value

N 1173 11730
Male (%) (74.3) (74.3) 12
Age, median (IQR), y 51 (39, 60) 51 (39, 60) 1°
Age group (%) 1°

18-29 7.2 7.2

30-39 18.2 18.2

40-49 20.6 20.6

50-59 27.8 27.8

60-69 154 154

70-79 6.1 6.1

>80 4.6 4.6
Socioeconomic status (%) <0.001

Low 31.8 31.6

Medium 60.3 50.1

High 7.9 18.3
Jewish (%) 88.6 84.0 <0.001
Immigrant (%) 37.7 64.4 <0.001
Residence in periphery (%) 33.8 22.0 <0.001

IQR = interquartile range.
?Age and sex were used to match the groups.

TABLE 2 Clinical characteristics of the patient population

Opioid use disorder Controls P value
Opioid use disorder history = yes (%) 9.3 0.1 <0.001
Opioid overdose before index = yes (%) 3.9 0 <0.001
Heroin overdose before index = yes (%) 1.9 0 <0.001
Opioid prescription use before index 83.0 55.9 <0.001
Fentanyl prescription use before index 215 0.8 <0.001
Mental health disease history = yes (%) 55.2 13 <0.001
Depression history = yes (%) 37.3 8.7 <0.001
Anxiety history = yes (%) 434 13.1 <0.001
Body mass index (kg/m?), median (IQR) 24.2 (21.2,28.0) 26.1(23.4, 29.5) <0.001
Smoking = yes (%) 71.3 24.1 <0.001
Charlson comorbidity index (median [IQR]) 21[1,4] 110, 3] <0.001
Chronic pulmonary disease before index = yes (%) 18.5 2.8 <0.001
Ischemic heart disease before index = yes (%) 13.6 9.2 <0.001
Cancer before index = yes (%) 11.5 5.5 <0.001
Diabetes before index = yes (%) 17.2 14.7 0.022
Human immunodeficiency virus before index = yes (%) 1.5 0.1 <0.001
Hepatitis C before index = yes (%) 31 0.9 <0.001

IQR = interquartile range.

Regarding inpatient services, the sub-category with the Cl, 14.1-21.6) higher than controls. Elective hospitalizations
highest costs was urgent hospitalizations, which accounted for $580 a accounted for $153 a month among those with opioid use disorder,
month among those with opioid use disorder and was 17.4-fold (95% 3-fold (95% Cl, 2.1-4.4) higher than among controls.
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TABLE 3 Cost per month of case and control by subgroup and Groups Opioid Use Disorder ] Control
category
1000 4
Opioid use disorder Control cost & *
cost ($)/month ($)/month 5
E 7504
Total 1101.65 210.86 £
Subgroup E‘,
g 500
Hepatitis-C/HIV/heroin, yes 1371.39 675.94 ;
£
I . F= *
Hepatitis-C/HIV/heroin, no 979.30 206.28 5w I
Age, <65y 1369.14 399.10 § *
= ==
Age, 65+y 1048.91 172.61 ol i ] A s, NS
Sex, female 1181.46 260.97 Inpa't\'em DrL’JgS Ambu‘&atory La’bs E’H \maémg
Healthcare cost category
Sex, male 1073.50 193.18
Periphery, no 1171.06 208.34 FIGURE 3 Healthcare cost by service type among members with
Periphery, yes 1032.15 223.04 opioid use disorder compared to controls. The Y axis indicates mean
Socioeconomic status, low 983.68 176.28 monthly cost Qer .member and the X a.X|.s |nd|caFes the healthcare cost
. . . category. Red indicates cases with opioid use disorder and blue
Socioeconomic status, medium  1120.14 217.72 indicates controls. Error bars indicate the 95% Cls and asterisks
Socioeconomic status, high 1414.24 251.80 denote a category where the cost in the opioid use disorder groups
Category was found to be significantly higher compared to the controls. ER =
emergency room
Ambulatory 65.02 32.94 gency
Drugs 218.06 63.03
Emergency room 25.36 3.51
Imaging 15.89 8.94
Inpatient 742.27 81.80 R _
Other 421 2.58 S—— -
HIV = human immunodeficiency virus. Symptoms involving respiratory system and chest{ -
Total 1 E ——t Encounter for unspecified procedures and aftercare | -
No HIV/Hep-C/Heroin{ | —— -
: Disorders of lipoid metabolism 4
Adults (<65y)7 ! —— it
Elders ()64y) J E . Chronic airway obstruction, not elsewhere classified q -
Male 4 E to e Diabetes mellitus | -
Female 4 E —— 0% 10% 20% 30% 40%
H Diagnosis proportion in members with opioid use disorder
SES-high{ ! @
SES:MeciunT] o FIGURE 4 Most common inpatient diagnoses among individuals
SESow | — with opioid use disorder. The Y axis indicates inpatient diagnosis and
Periphery{ ! — the X axis indicates the proportion of diagnosis in members with
p—— o opioid use disorder
N

Cost of members with opioid use disorder / controls

FIGURE 2 Ratio of healthcare cost among patients with opioid
use disorder compared with controls. The Y axis indicates the
inclusion criteria for the analysis and the X axis indicates the
healthcare cost of members with opioid use disorder divided by the
cost in controls. The circle indicates the ratio and the error bars
indicate the 95% CI. HIV = human immunodeficiency virus; SES =
socioeconomic status

The most common inpatient diagnosis for members with opioid
use disorder included non-dependent abuse of drugs and drug depen-

dence (Figure 4).

DISCUSSION

This study compared healthcare costs among individuals with opioid
use disorder and their matched controls within a public health system.
Our findings indicate a 5-fold difference in healthcare costs associated
with opioid use disorder, mostly attributed to inpatient services.

Many of the costs associated with opioid use disorder were
attributed to prescription opioids. In line with previous data from the
United States, the relative healthcare cost difference in members with

opioid use disorder was larger among individuals younger than 65
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years compared to those 65 or older. This most likely stems from
healthcare costs being higher among older members regardless of
concurrent opioid use disorder [8, 19]. Previous research has indicated
that preventing opioid use disorder at a younger age leads to larger
savings in healthcare and societal costs [7].

The large healthcare and societal costs arising from the current
increase in prevalence of opioid use disorders in the United States
have led to an increase in research on opioid use disorder and the
associated costs in the US healthcare system, which is mostly private.
Although there are several indications showing an increase in preva-
lence of opioid use outside the United States, including in countries
with public healthcare systems, data regarding the cost associated
with opioid use disorder in these countries is lacking [9]. Our findings
may help such public healthcare systems in estimating the expected
increase in healthcare costs because of opioid use disorder and in allo-
cating resources to prevent and treat this disorder.

The most common healthcare service that was used by individuals
with opioid use disorder was inpatient services, which was nine times
higher than in controls. The second highest service among those with
opioid use disorder was emergency room services (7-fold), which has
also been shown as a major source of healthcare costs among those
with opioid use disorders in the US [20]. The most common inpatient
and emergency room diagnosis for those with opioid use disorders
was drug abuse. Another common diagnosis was respiratory symp-
toms, which could relate in part to the respiratory depression that can
be caused by opioids [3]. Costs related to inpatient services have been
less often cited in connection with opioid use disorder than opioid
prescriptions. Health services and policy makers should account for
these differences in costs when considering investments in prevention
and treatment of opioid use disorder.

A potential limitation of our study concerns the proportion of
members with a diagnosis code for opioid use disorder: we expected a
higher number of individuals to be diagnosed with opioid use disorder,
based on previous studies that have estimated its prevalence in Israel
and globally [21, 22]. The relatively low rate is also unexpected con-
sidering recent police reports of widespread opioid abuse in lIsrael,
and the recent finding of increased opioid consumption within CHS
[15, 23]. Similar difficulties in identifying opioid use disorder and prob-
able under-reporting has been shown in other countries as well [24].
The probable under-diagnosis of opioid use disorder in the Israeli
healthcare services records could be attributed to treatment being
under the direct clinical and financial care of the Israeli Ministry of
Health and not through the healthcare organizations. Another possi-
ble factor for the low rates is the relatively low awareness regarding
prescription opioid abuse among physicians in Israel, which highlights
the role of improving physician education on these matters [25]. Nev-
ertheless, although the rates of opioid use disorder were most likely
under-reported in this study, the comparison of healthcare costs was
made possible by comparing those with a positive diagnosis as ‘true
positive’ and those without it as ‘true negative’ (the matched con-
trols). Because most of the population does not have opioid use disor-
der and our sample used 10 controls for each case, the effect of false

negatives is unlikely to have a drastic influence on our findings.

To match each patient with 10 non-repeating controls on every
criterion, we matched based on age and sex and examined other fac-
tors with sub-analyses, such as with socioeconomic status. This
matching approach was also meant to avoid factors that could be
influenced by a developing opioid use disorder that was not yet diag-
nosed, such as socioeconomic status, which could be reduced by a
developing opioid use disorder.

The diagnosis of opioid use disorder in its early stage of develop-
ment is complicated, and some physicians may be hesitant to give an
official diagnosis with an ICD code, particularly in a public healthcare sys-
tem. Our study also searched for keywords in the physicians’ diagnosis
description included in the electronic registry, but it is likely that our cur-
rent study detected less of these early opioid use disorders compared to
the later stages that often cost more to the healthcare system. Future
studies could detect more early cases based on algorithms that analyse
physicians’ notes together with prescriptions and diagnoses that suggest
an opioid use disorder. Identifying opioid use disorder early could help
estimate their cost to the healthcare system and predict its change over
time, as well as help direct earlier treatment. Improving opioid use disor-
der identification could also help improve the analysis of opioid use dis-
orders costs by reducing the risk of selecting a control with undiagnosed
opioid use disorder. This risk is especially high in patients with factors
that change when developing an opioid use disorder, such as socioeco-
nomic status, and so reducing this risk would increase the ability to use
such factors in matching and in regression models.

Another limitation of the study is that the root illness that was
driving the initial use of opioids may in some cases be associated, by
itself, with long-term increased healthcare utilization that cannot be
easily separated from the increase attributable to opioid use disorders.
For example, those suffering from chronic back pain and seeking pre-
scription opioids would likely have legitimate healthcare needs and
costs even if they do not develop an opioid use disorder [26]. This
confounding limits our ability to infer a clear causal association
between opioid use disorder (in contrast to opioid use per se) and
added healthcare utilization costs.

To conclude, our findings suggest that public healthcare systems
incur substantial costs as a result of opioid use disorders, findings that
are in line with previous results shown in privatized healthcare sys-
tems, such as in the United States. It is prudent that public healthcare
systems improve their identification of members with opioid use dis-
order, by raising awareness among clinicians and including systemic
alerts to decrease unwarranted prescription of these medications.
Early intervention and referral to specialized treatment should be
implemented in public healthcare systems. In addition to clear health
benefits, such efforts to better prevent, identify and treat opioid use
disorder could contribute to substantially lowering extensive

healthcare costs in this population.
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