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ABSTRACT

Introduction: Insomnia diagnosis has been
associated with a significant clinical and eco-
nomic burden on patients and healthcare sys-
tems. This study examined changes in
healthcare resource use (HCRU) and costs in
insomnia patients before and after initiation of
suvorexant treatment.
Methods: This retrospective cohort study ana-
lyzed Optum Clinformatics Data Mart claims
data (Jan 2010–Dec 2018). Patients with C 2
insomnia diagnosis claims and C 1 prescription
for suvorexant were included. Prevalent and
incident insomnia patients were analyzed sep-
arately. The change in the trends of HCRU and
costs were examined for 12 months before and
12 months after suvorexant initiation. An
interrupted time series (ITS) analysis was

conducted to assess the level and slope changes.
Subgroups of patients with mental health
comorbidities were examined.
Results: The study included 18,919 and 5939
patients in the prevalent and incident insomnia
cohorts, respectively. For the prevalent cohort,
mean (SD) age was 64.5 (14.1) years, 65% were
female, 74% had Medicare Advantage coverage,
and 61% had a Charlson comorbidity index
score C 1. Characteristics for the incident
cohort were similar. The ITS results suggested
that the trend for monthly total healthcare cost
(THC) was increasing before suvorexant initia-
tion (US$52.51 in the prevalent cohort, $74.93
in incident insomnia cohort), but, after
suvorexant initiation, the monthly total cost
showed a decreasing trend in both cohorts. The
decrease in slope for THC after suvorexant ini-
tiation were $72.66 and $112.07 per month in
the prevalent and incident cohorts, respec-
tively. The monthly trends in HCRU rates also
decreased. The subgroup analysis showed that
decreases were 1.5–3 times greater for patients
with mental health comorbidities.
Conclusions: In this real-world study, suvorex-
ant initiation was associated with immediate and
continued decreases in HCRU and costs in
insomnia patients. Further research is needed to
understand the effect of suvorexant initiation on
directmedical costs aswell as costsassociatedwith
lost productivity in other real-world settings.
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SUVOREXANT WAS ASSOCIATED WITH A DECREASE IN ALL-CAUSE 
HCRU AND COSTS IN A 1-YEAR REAL-WORLD STUDY

CHANGES IN TOTAL HEALTHCARE COSTS BEFORE  
AND AFTER SUVOREXANT ADMINISTRATION*

Total healthcare costs change  
before suvorexant initiation: 

Prevalent cohort: $52.51 increase per month  
Incident cohort: $74.93 increase per month

Total healthcare costs change  
after suvorexant initiation: 

Prevalent cohort: $72.66 decrease per month  
Incident cohort: $112.07 decrease per month
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Key Summary Points

Insomnia disorder is associated with poor
quality of life and a significant clinical and
economic burden in the United States.

The US Food and Drug Administration
(FDA) approved suvorexant (Belsomra;
Merck, Kenilworth, NJ, USA), an orexin-
receptor antagonist, for the treatment of
insomnia in August 2014.

Little is known about the effect of
suvorexant on healthcare resource use
(HCRU) and costs among insomnia
patients in a real-world setting. Therefore,
this study assessed the change in real-
world HCRU and costs associated with
suvorexant introduction among patients
with insomnia in the US.

This study used an interrupted time series
design with segmented regression to
measure changes in trends for HCRU and
costs in 12 months before and 12 months
after suvorexant initiation.

The study found that suvorexant
initiation was associated with immediate
and continued decreases in all-cause
HCRU and costs among patients with
insomnia; larger reductions were observed
in patients with mental health conditions.

Future studies would be needed to assess
the causal link between suvorexant and
economic outcomes by comparing
patients on suvorexant to those receiving
other treatments.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital

features for this article go to https://doi.org/10.
6084/m9.figshare.16884853.

INTRODUCTION

Insomnia disorder is associated with a signifi-
cant burden in the United States (US) [1, 2].
While the true prevalence of insomnia in the US
is believed to range from 10 to 25%, prevalence
estimates have been reported to vary between 5
and 50% depending on the definition of
insomnia or diagnostic criteria used [1, 3–5].
Insomnia is more common among women,
older adults, and patients with physical or
mental health disorders [1, 6]. Untreated
insomnia may result in an inability to focus,
increased risk of accidents, reduced immune
function, and the onset and/or worsening of
psychiatric and medical comorbidities [3, 4]. A
diagnosis of insomnia has been associated with
worse health-related quality of life compared
with non-insomnia patients, and was found to
have a substantial effect on loss of work pro-
ductivity and employment-related outcomes
[2, 7–9]. The aggregate total cost of insomnia in
the US has been estimated to be as high as
US$100 billion per year, driven primarily by
indirect costs such as decreased work produc-
tivity, increased accident risk, and increased
healthcare resource use (HCRU) [2]. In one
study, patients with insomnia had $63,607
higher medical costs than patients without
insomnia; inpatient costs were the most signif-
icant driver of the direct medical cost [10].

While non-pharmacological treatments such
as cognitive behavioral therapy are available
and effective to treat insomnia, some patients
may need to use pharmacotherapies such as
benzodiazepine receptor agonists, melatonin
agonists, antidepressants, antipsychotics, or
antihistamines [6]. Benzodiazepine receptor
agonists and benzodiazepines are among the
most commonly used medications for insom-
nia, but there are concerns about the safety,
risks of dependence and tolerance, and long-
term effectiveness of these agents. Physicians
also prescribe sedating antidepressants,
antipsychotics, and antihistamines off-label to
treat insomnia, despite insufficient efficacy
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evidence for these treatments and the risk of
serious side effects, such as weight gain, anti-
cholinergic effects, and diabetes [6, 11].

The US Food and Drug Administration (FDA)
approved suvorexant (Belsomra; Merck, Kenil-
worth, NJ, USA), an orexin-receptor antagonist,
for the treatment of insomnia in August 2014
[12]. Unlike benzodiazepines or benzodiazepine
receptor agonists, which act on the gamma
aminobutyric acid receptor, suvorexant specifi-
cally targets the orexin-mediated wakefulness-
promoting system by selectively blocking the
binding of orexin-A and orexin-B neuropeptides
to OX1R and OX2R receptors [13–16]. In addi-
tion, two systematic reviews and meta-analyses
have found that suvorexant improved sleep
quality in patients with insomnia [17, 18].

Little is known about the economic impact
of treatment with hypnotics in patients with
insomnia. Further, no studies to our knowledge
have evaluated the economic impact of
suvorexant in patients diagnosed with insom-
nia. Understanding the economic impact of
suvorexant use among US patients with
insomnia may provide important insight for
payers and other healthcare decision-makers.
The objective of this study was to evaluate the
change in real-world HCRU and cost outcomes
associated with suvorexant introduction among
patients with insomnia in the US.

METHODS

Data Source

We conducted this retrospective cohort study
using de-identified medical and pharmacy
claims data from the US nationwide Optum
Clinformatics Data Mart claims database (Op-
tum, Eden Prairie, MN, USA). The database
contains detailed information on insurance
enrollment and coverage (commercial and
Medicare); medical care (e.g., diagnosis codes,
dates and place of service, provider type); pre-
scription drug use [e.g., National Drug Code
(NDC), drug quantity dispensed, days supplied];
reimbursed or allowed payments; deductibles;
and copayments.

The Optum data received for the analysis was
a secondary database, which included de-iden-
tified patient data. The secondary use of de-
identified data is explicitly exempted from eth-
ics review per the Department of Health and
Human Services regulations found at 45 CFR
46.104(d)(4). Study authors received permission
to use the Optum Clinformatics Data Mart
claims database from Optum through a third-
party agreement.

Study Population

The study population included adult patients
(aged C 18 years) diagnosed with insomnia [In-
ternational Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM)
codes 780.5X, 327.XX, and 307.4X, or ICD-10-
CM codes F51.XX and G47.XX] from January 1,
2010, through December 31, 2018 (study per-
iod) who newly initiated suvorexant. All
patients were required to have C 1 pharmacy
claim for suvorexant during the study period.
The index date was defined as the date of the
first claim for suvorexant. A 12-month baseline
period before the index date was used to iden-
tify patient demographic and clinical charac-
teristics. The prevalent insomnia cohort
included patients with newly and previously
diagnosed insomnia (i.e., C 2 claims with an
insomnia diagnosis during baseline period) and
continuous insurance enrollment
for C 12 months before and C 6 months after
index date (Supplemental Fig. 1A). To identify
patients who were new users of suvorexant,
patients with any record of suvorexant use
during the baseline period were excluded from
the prevalent insomnia cohort. However, there
were no limits regarding additional insomnia
medication use after the baseline period.

A group of suvorexant users who were newly
diagnosed with insomnia was also analyzed
(incident insomnia cohort), and included
patients with C 2 claims with an insomnia
diagnosis and continuous enrollment
from C 12 months prior to first insomnia diag-
nosis through C 6 months after index date
(Supplemental Fig. 1B). Patients with any record
of insomnia-specific drug use (suvorexant,
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flurazepam, temazepam, triazolam, estazolam,
quazepam, zolpidem, zaleplon, eszopiclone,
ramelteon, secobarbital, doxepin, diphenhy-
dramine, doxylamine) or insomnia diagnosis in
12 months before the first observed insomnia
diagnosis, or who were not continuously
enrolled between insomnia diagnosis and
suvorexant index date, were excluded from the
incident insomnia cohort.

Study Design

We used an interrupted time series design and
segmented regression analysis to assess the
association of suvorexant initiation with HCRU
and costs. In this method, a time series [i.e., a
continuous sequence of observations on a pop-
ulation (aggregate) level taken at regularly
spaced intervals over time] is used to establish
an underlying level and trend of an outcome of
interest, which is interrupted by an interven-
tion at a known time point [19, 20]. The pre-
and post-intervention periods are then com-
pared to estimate the impact of the intervention
independent of other factors. Interrupted time
series analysis is a strong quasi-experimental
design that is increasingly being used to evalu-
ate public health interventions, as it allows
researchers to control for secular trends in the
data, use population-level data to evaluate out-
comes, and provides a clear graphical presenta-
tion of results [19–21].

Study Outcomes

Suvorexant initiation was the main indepen-
dent variable and suvorexant use was identified
using NDCs from prescription drug claims
(Supplemental Table 1). The study outcomes
were all-cause HCRU and associated costs,
which were calculated at monthly intervals. All-
cause HCRU included outpatient visits, office-
based physician visits, inpatient hospitaliza-
tions, emergency department (ED) visits, other
HCRU (i.e., home health, hospice care, and
visits related to miscellaneous reasons in the
database), and a number of prescription drugs.
Rates of HCRU were converted to per 1000
patients to make interpretation easier than raw

units. All-cause costs included an outpatient,
office-based physician, inpatient, ED, and other
costs; prescription drug costs; medical costs
(sum of outpatient, office-based physician,
inpatient, ED, and other costs); and total
healthcare costs (sum of all cost types). Baseline
demographic characteristics included age at
suvorexant initiation, sex, insurance type
(Medicare vs. commercial), and US Census
region. Baseline clinical characteristics included
Charlson comorbidity index (CCI) score and the
following mental health comorbidities: depres-
sive disorders, attention deficit hyperactivity
disorder (ADHD), anxiety disorders, substance
use disorder, and psychotic disorders (i.e.,
schizophrenia, bipolar disorder).

Statistical Analysis

Summary statistics (e.g., mean, median, stan-
dard deviation. and percentages) were used to
describe patient demographic and clinical
characteristics. Mean HCRU and costs per
month were calculated for 12 months before
the index date and 12 months after the index
date. All costs were inflated to 2018 US dollars
using the medical component of the Consumer
Price Index.

A segmented regression approach was used
to analyze an interrupted time series of monthly
HCRU and costs for 12 months before and
12 months after suvorexant initiation [20]. The
time series of outcomes data were divided into 2
segments: monthly rates before suvorexant ini-
tiation and monthly rates after suvorexant ini-
tiation. The regression model calculated
changes in intercept (level) and slope (trend) in
the post-intervention period compared to the
pre-intervention period. The statistical model
used was:

Yt ¼ b0 þ b1 � timet þ b2 � interventiont þ b3
� time after interventiont þ et ;

where Yt is the mean outcome (i.e., HCRU or
cost) in month t, time is a continuous variable
indicating time in months at time t from the
start of the observation period, intervention is
an indicator for time t occurring before
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(intervention = 0) or after (intervention = 1)
suvorexant initiation, and time after interven-
tion is a continuous variable counting the
number of months after the intervention at
time t. In this model, b0 estimates the baseline
level of the HCRU or cost at time zero, b1 esti-
mates the change in the mean HCRU or cost
that occurs with each month before the inter-
vention (i.e., the baseline trend), b2 estimates
the level change in the mean monthly HCRU or
cost immediately after the intervention, that is,
from the end of the preceding segment, and b3
estimates the change in the trend in the mean
monthly HCRU or cost after suvorexant initia-
tion, compared with the monthly trend before
suvorexant initiation. The sum of b1 and b3 is
the post-intervention slope. The error term et at
time t represents the random variability not
explained by model [20]. Predicted costs and
HCRU were calculated from the regression
models.

To understand trends in HCRU and cost
outcomes in the absence of suvorexant, we
calculated counterfactual scenarios: hypotheti-
cal scenarios in which suvorexant initiation did
not occur and the pre-existing trend observed
pre-suvorexant initiation was extrapolated,
assuming a linear trend [19, 20].

Several patient-level factors (e.g., age, sex,
comorbidities) can influence resource utiliza-
tion and the relationship between suvorexant
initiation and HCRU and costs. Therefore, as
sensitivity analyses, we used patient-level data
to conduct fixed-effect segmented regressions
controlling for age at suvorexant initiation, sex,
race/ethnicity, insurance type, US Census loca-
tion, and CCI score as covariates and account-
ing for the repeated nature of longitudinal data.

Since insomnia is more prevalent among
patients with mental health comorbidities
compared with the general population [22], all-
cause costs for suvorexant patients with
depressive disorders, anxiety disorder, sub-
stance use disorder, and psychotic disorders
(Supplemental Table 2) were analyzed as sepa-
rate subgroups of interest. All analyses were
conducted separately among the prevalent
insomnia cohort and the incident insomnia
cohort using SAS v.9.4; SAS Institute, Cary, NC,
USA).

RESULTS

Patient Characteristics

A total of 18,919 patients with prevalent
insomnia who were new users of suvorexant
were included in this analysis; the cohort of
incident insomnia patients included 5939
patients (Fig. 1). Among all new suvorexant
users (i.e., prevalent cohort), the mean patient
age was 64.5 years, approximately 65% were
female, 74% were covered by Medicare, 48%
had a CCI score of 2 or more, 44% had an
anxiety disorder, 41% had a depressive disorder,
and 22% had substance use disorder at baseline.
The incident insomnia cohort was relatively
younger and had lower CCI scores and a lower
prevalence of mental health comorbidities at
baseline compared with the prevalent insomnia
cohort (Table 1).

Changes in HCRU After Suvorexant
Initiation

The monthly trends for all-cause HCRU before
suvorexant initiation were increasing for out-
patient, office-based physician, inpatient, and
ED visits in both prevalent insomnia (Fig. 2) and
incident insomnia cohorts (Fig. 3). After
suvorexant initiation, the monthly rate of
resource use decreased and the change in slopes
between the pre- and post-suvorexant initiation
periods were statistically significant in both
cohorts (Table 2). In both prevalent and inci-
dent insomnia cohorts, outpatient and office-
based visits per 1000 patients decreased imme-
diately after initiation of suvorexant (level
changes). Similarly, the trend in resource use
(monthly change) decreased significantly after
suvorexant initiation. The differences in the
slopes between pre- and post-suvorexant initia-
tion periods were statistically significant (out-
patient visits: - 24.38 in prevalent insomnia
cohort, - 28.69 in incident insomnia cohort,
both p\0.0001; office-based physician visits:
- 40.08 in prevalent insomnia cohort, - 46.20
in incident insomnia cohort, both p\0.0001).
Prescription drug events increased after
suvorexant initiation, as indicated by level
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change per 1000 patients (9.09 in prevalent
insomnia cohort, p = 0.0706; 18.29 in incident
insomnia cohort, p = 0.0055), but the trend
decreased significantly over time. The difference
in the slopes between the pre- and post-su-
vorexant initiation periods was - 5.29 in
prevalent insomnia cohort and - 7.39 in inci-
dent insomnia cohort (both p\0.0001;
Table 2).

Changes in Healthcare Costs After
Suvorexant Initiation

The trend for monthly all-cause total healthcare
cost was increasing before suvorexant initiation
($52.51 per month in prevalent insomnia
cohort, $74.93 per month in incident insomnia
cohort, both p\0.0001; Table 3), but, after
suvorexant initiation, the monthly total cost

Fig. 1 Patient selection for a prevalent insomnia cohort and b incident insomnia cohort
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Table 1 Patient demographic and clinical characteristics

Prevalent
insomnia
cohorta

(n5 18,919)

Incident
insomnia
cohortb

(n 5 5939)

Age at suvorexant

initiation, mean (SD),

years

64.5 (14.1) 62.8 (15.5)

Age category, years, n (%)

18–44 1927 (10.2) 873 (14.7)

45–54 2483 (13.1) 796 (13.4)

55–64 3539 (18.7) 935 (15.7)

65–74 6264 (33.1) 1924 (32.4)

C 75 4698 (24.8) 1411 (23.8)

Female, n (%) 12,252 (64.8) 3755 (63.2)

US Census location, n (%)

Northeast 1168 (6.2) 392 (6.6)

Midwest 3650 (19.3) 1066 (17.9)

West 4356 (23.0) 1580 (26.6)

South 9643 (51.0) 2867 (48.3)

Unknown 103 (0.5) 34 (0.6)

Insurance type, n (%)

Medicare 13,919 (73.6) 4213 (70.9)

Commercial 5001 (26.4) 1726 (29.1)

Plan type, n (%)

Independent provider

organization/other

9694 (51.2) 2961 (49.9)

HMO/POS 6625 (35.0) 2288 (38.5)

PPO/EPO 2601 (13.7) 690 (11.6)

CCI score, mean (SD) 2.3 (2.6) 1.7 (2.3)

CCI category, n (%)

0 5973 (31.6) 2459 (41.4)

1 3767 (19.9) 1156 (19.5)

2 2657 (14.0) 799 (13.5)

C 3 6523 (34.5) 1525 (25.7)

Table 1 continued

Prevalent
insomnia
cohorta

(n 5 18,919)

Incident
insomnia
cohortb

(n 5 5939)

Mental health comorbidities, n (%)

Depressive

disorders

7813 (41.3) 1618 (27.2)

ADHD 328 (1.7) 108 (1.8)

Anxiety disorders 8342 (44.1) 1579 (26.6)

Substance use

disorder

4160 (22.0) 925 (15.6)

Psychotic

disordersc
1623 (8.6) 323 (5.4)

Insomnia medication before first observed insomnia

diagnosis claimd

Doxepin 103 (0.5) NA

Estazolam 21 (0.1) NA

Eszopiclone 250 (1.3) NA

Flurazepam 56 (0.3) NA

Quazepam 2 (0.0) NA

Ramelteon 694 (3.7) NA

Triazolam

(Halcion)

249 (1.3) NA

Zaleplon 367 (1.9) NA

Zolpidem 7578 (40.1) NA

ADHD attention deficit hyperactivity disorder, CCI
Charlson Comorbidity Index, EPO exclusive provider
organization, HMO Health Maintenance Organization,
NA not applicable, PPO preferred provider organization,
POS point of service, US United States
aPrevalent insomnia cohort included all patients newly
initiating suvorexant with newly diagnosed or previously
diagnosed insomnia
bIncident insomnia cohort included patients newly initi-
ating suvorexant with newly diagnosed insomnia only
cPsychotic disorders included schizophrenia and bipolar
disorders
dIncident insomnia cohort excluded patients with any
prior insomnia medications before first observed insomnia
diagnosis
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showed a decreasing trend in both cohorts
(Fig. 4). The difference in the slope for total
costs after suvorexant initiation was $72.66 per
month in the prevalent insomnia cohort and
$112.07 in the incident insomnia cohort, which

was statistically significant (both p\0.0001;
Table 3). This suggests that average cost per
patient per year would decrease by $872 and
$1344 in the prevalent and incident insomnia
cohorts respectively. For total costs, the level

Fig. 2 Trends over time for monthly HCRU before and after initiation of suvorexant for prevalent insomnia cohort
(HCRU healthcare resource use)

Fig. 3 Trends over time for monthly HCRU before and after initiation of suvorexant for incident insomnia cohort
(HCRU healthcare resource use)
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Table 2 Results from segmented regression for monthly all-cause HCRU before and after initiation of suvorexant

Monthly HCRU per 1000 patientsa

Prevalent insomnia cohort Incident insomnia cohort

Estimate (SE) p value Estimate (SE) p value

Outpatient visits

Baseline (intercept) 856.06 (14.12) \0.0001 697.32 (13.30) \0.0001

Slope before suvorexant initiation 17.56 (1.92) \0.0001 19.69 (1.81) \0.0001

Level change after suvorexant initiation - 41.61 (18.84) 0.0390 - 33.83 (17.74) 0.0711

Change in slope after suvorexant initiation - 24.38 (2.71) \0.0001 - 28.69 (2.56) \0.0001

Office-based physician visits

Baseline (intercept) 1206.14 (42.27) \0.0001 975.39 (46.61) \0.0001

Slope before suvorexant initiation 22.44 (5.74) 0.0009 28.30 (6.33) 0.0002

Level change after suvorexant initiation - 43.74 (56.37) 0.4468 - 64.96 (62.16) 0.3085

Change in slope after suvorexant initiation - 40.08 (8.12) \0.0001 - 46.20 (8.96) \0.0001

Inpatient visits

Baseline (intercept) 53.91 (2.57) \0.0001 41.82 (3.70) \0.0001

Slope before suvorexant initiation 1.72 (0.35) \0.0001 2.60 (0.50) \0.0001

Level change after suvorexant Initiation - 14.46 (3.43) 0.0004 - 13.99 (4.93) 0.0102

Change in slope after suvorexant initiation - 1.52 (0.49) 0.0060 - 3.20 (0.71) 0.0002

Emergency department visits

Baseline (intercept) 94.13 (2.73) \0.0001 73.56 (4.27) \0.0001

Slope before suvorexant initiation 1.60 (0.37) 0.0003 2.73 (0.58) 0.0001

Level change after suvorexant initiation - 4.94 (3.64) 0.1899 - 7.05 (5.70) 0.2301

Change in slope after suvorexant initiation - 2.47 (0.52) 0.0001 - 4.43 (0.82) \0.0001

Other visitsb

Baseline (intercept) 379.95 (8.03) \0.0001 437.74 (12.81) \0.0001

Slope before suvorexant initiation 9.51 (1.09) \0.0001 13.53 (1.74) \0.0001

Level change after suvorexant Initiation - 9.51 (10.71) 0.3852 - 10.71 (17.09) 0.5380

Change in slope after suvorexant initiation - 12.65 (1.54) \0.0001 - 20.80 (2.46) \0.0001

Prescription drug events

Baseline (intercept) 980.40 (3.57) \0.0001 953.56 (4.41) \0.0001

Slope before suvorexant initiation 2.76 (0.48) \0.0001 4.22 (0.60) \0.0001

Level change after suvorexant initiation 9.09 (4.76) 0.0706 18.29 (5.88) 0.0055
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change (intercept change) after suvorexant ini-
tiation was not statistically significant for either
cohort because as medical costs decreased, pre-
scription drug costs increased at the time of
suvorexant initiation (Table 3). Similar to the
HCRU analysis, suvorexant users from the
incident insomnia cohort showed a larger
decrease (- $112.07) in total healthcare costs
per month compared to the prevalent insomnia
cohort (- $72.66) (Table 3).

For medical costs, both level and slope
decreased significantly (p\0.0001) after
suvorexant initiation in both cohorts (Table 3).
The difference in the slope for medical costs was
$92.18 per month and $52.01 per month for the
incident and prevalent cohorts, respectively,
which suggests that the average medical cost
per patient per year would decrease by $1106
and $624 in the incident and prevalent insom-
nia cohorts, respectively. Substantial changes
were observed for outpatient, office-based, and
inpatient costs in both cohorts (Table 3).

Similar results were observed in the fixed-ef-
fect sensitivity analysis for both cohorts, with
increasing trends for monthly all-cause total,
medical, and prescription drug costs before
suvorexant initiation, but trends decreasing
significantly (p\0.0001) after suvorexant initi-
ation (Supplemental Table 1). Likewise, the
mental health subgroup analysis showed
decreasing trends in total costs among patients
with mental health comorbidities in prevalent
insomnia (Supplemental Fig. 2) and incident
insomnia (Supplemental Fig. 3) cohorts and
larger decreases in total costs post-suvorexant
initiation compared to the overall cohorts.

Slope changes observed for patients with men-
tal health comorbidities were 1.5–3 times the
changes observed for the overall cohorts. The
largest decrease was observed for patients with
substance use disorder (Supplemental Table 4).

DISCUSSION

In this large, retrospective claims database
study, we examined changes over time in HCRU
and costs in patients diagnosed with insomnia
who initiated suvorexant treatment. To our
knowledge, this is the first real-world study to
examine economic outcomes in insomnia
patients taking suvorexant in the US overall or
after initiation of treatment with suvorexant.
This study used a pre-post quasi-experimental
design to examine temporal trends in HCRU
and costs before and after initiation of
suvorexant. Since it was important to examine
changes over time associated with suvorexant,
we conducted an interrupted time series analy-
sis within the quasi-experimental study design
framework. Overall, the results of our inter-
rupted time series analysis showed decreasing
trends in monthly all-cause HCRU and costs
after suvorexant initiation in patients with
prevalent or incident insomnia. The decreasing
trend in total costs was primarily driven by
reductions observed in outpatient visits, office-
based visits, and inpatient visits after suvorex-
ant initiation. Although prescription drug costs
increased at suvorexant initiation (level
change), this increase was offset by the decrease
in medical costs. The increase in the

Table 2 continued

Monthly HCRU per 1000 patientsa

Prevalent insomnia cohort Incident insomnia cohort

Estimate (SE) p value Estimate (SE) p value

Change in slope after suvorexant initiation - 5.29 (0.69) \0.0001 - 7.39 (0.85) \0.0001

HCRU healthcare resource use
aRate of resource use was converted to per 1000 patients to make interpretation easier than raw units
bOther visits included home health, hospice care, and visits related to miscellaneous reasons in the database
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Table 3 Results from segmented regression for monthly healthcare costs (2018 US dollars) before and after initiation of
suvorexant

Prevalent insomnia cohort Incident insomnia cohort

Estimate (SE) p value Estimate (SE) p value

Total costs

Baseline (intercept) 2587.91 (51.17) \0.0001 2210.89 (56.40) \0.0001

Slope before suvorexant initiation 52.51 (6.95) \0.0001 74.93 (7.66) \0.0001

Level change after suvorexant initiation - 6.34 (68.24) 0.9269 - 60.30 (75.21) 0.4321

Change in slope after suvorexant initiation - 72.66 (9.83) \0.0001 - 112.07 (10.84) \0.0001

Medical cost

Baseline (intercept) 2035.85 (53.94) \0.0001 1765.24 (56.22) \0.0001

Slope before suvorexant initiation 44.23 (7.33) \0.0001 66.73 (7.64) \0.0001

Level change after suvorexant initiation - 187.86 (71.93) 0.0167 - 229.87 (74.97) 0.0061

Change in slope after suvorexant initiation - 52.01 (10.36) \0.0001 - 92.18 (10.80) \0.0001

Outpatient cost

Baseline (intercept) 810.30 (18.01) \0.0001 705.27 (24.79) \0.0001

Slope before suvorexant initiation 13.10 (2.45) \0.0001 16.75 (3.37) \0.0001

Level change after suvorexant initiation - 54.42 (24.02) 0.0348 - 41.17 (33.06) 0.2274

Change in slope after suvorexant initiation - 19.47 (3.46) \0.0001 - 25.00 (4.76) \0.0001

Office-based physician cost

Baseline (intercept) 282.11 (6.79) \0.0001 235.64 (9.63) \0.0001

Slope before suvorexant initiation 6.82 (0.92) \0.0001 10.44 (1.31) \0.0001

Level change after suvorexant initiation - 30.37 (9.05) 0.0032 - 39.12 (12.85) 0.0064

Change in slope after suvorexant initiation - 8.19 (1.30) \0.0001 - 14.50 (1.85) \0.0001

Inpatient cost

Baseline (intercept) 589.34 (38.04) \0.0001 485.46 (36.98) \0.0001

Slope before suvorexant initiation 15.42 (5.17) 0.0073 27.62 (5.02) \0.0001

Level change after suvorexant initiation - 85.07 (50.73) 0.1091 - 160.51 (49.32) 0.0040

Change in slope after suvorexant initiation - 13.66 (7.31) 0.0763 - 32.53 (7.11) 0.0002

Emergency department cost

Baseline (intercept) 152.33 (6.16) \0.0001 117.35 (7.97) \0.0001

Slope before suvorexant initiation 2.58 (0.84) 0.0058 2.97 (1.08) 0.0124

Level change after suvorexant initiation - 5.55 (8.21) 0.5071 3.65 (10.62) 0.7345

Change in slope after suvorexant initiation - 5.00 (1.18) 0.0004 - 7.30 (1.53) 0.0001
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prescription costs at the time of suvorexant
initiation could be due to suvorexant and other
medications given to manage symptoms related
to mental health or other comorbidities.

Further, slope changes suggested that prescrip-
tion costs continued to decrease afterward.

While prior claims database analyses assess-
ing real-world economic outcomes in patients
with insomnia exist [23–26], none have yet

Fig. 4 Trend over time for monthly total healthcare costs and medical costs (2018 US dollars) before and after initiation of
suvorexant for a prevalent insomnia cohort and b incident insomnia cohort. US United States

Table 3 continued

Prevalent insomnia cohort Incident insomnia cohort

Estimate (SE) p value Estimate (SE) p value

Other costa

Baseline (intercept) 201.77 (8.96) \0.0001 221.53 (15.28) \0.0001

Slope before suvorexant initiation 6.31 (1.22) \0.0001 8.95 (2.08) 0.0003

Level change after suvorexant initiation - 12.46 (11.95) 0.3093 7.27 (20.38) 0.7248

Change in slope after suvorexant initiation - 5.69 (1.72) 0.0035 - 12.85 (2.94) 0.0003

Prescription drug cost

Baseline (intercept) 552.07 (22.29) \0.0001 445.65 (23.26) \0.0001

Slope before suvorexant initiation 8.28 (3.03) 0.0127 8.20 (3.16) 0.0173

Level change after suvorexant initiation 181.53 (29.72) \0.0001 169.56 (31.02) \0.0001

Change in slope after suvorexant initiation - 20.65 (4.28) 0.0001 - 19.90 (4.47) 0.0002

US United States
aOther costs included costs for home health, hospice care, and visits related to miscellaneous reasons in the database
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focused specifically on patients treated with
suvorexant. Therefore, it was not possible to
compare our study findings with other studies.
However, our findings are consistent with the
conclusions derived from the cost-effectiveness
analysis of suvorexant in the Japanese popula-
tion, which reported that suvorexant was a cost-
saving strategy compared to zolpidem [27].

In a large claims database study that evalu-
ated the use of several insomnia medications,
direct medical cost reductions of $1100 per
patient per year were observed in patients who
received pharmacotherapy for insomnia [28].
Burden of illness studies have found that
untreated insomnia can result in significant
healthcare costs with large proportions
attributable to inpatient and outpatient costs
[10]. In our study, we observed significant
reductions in inpatient and outpatient utiliza-
tion and associated costs after suvorexant initi-
ation, suggesting that insomnia treatment with
suvorexant may reduce healthcare costs.

Insomnia and mental health disorders have a
bidirectional relationship [29, 30]. Research
suggests that approximately 50% of chronic
insomnia patients have mental health comor-
bidities, and that a majority of those with a
mental health disorder have insomnia [22].
Further, untreated insomnia has been shown to
worsen the underlying mental health condi-
tions. Tian et al. found that patients with
depression and insomnia had 1.5–2 times
higher rates of resource use and annual costs
than patients with depression alone [31].
Insomnia has also been linked to a higher
chance of relapse in patients with substance use
disorder [32, 33]. Therefore, we further exam-
ined the trends in HCRU and costs in patients
with comorbid depression, anxiety disorder,
substance use disorder, and psychotic disorders
during the baseline period.

Our findings in the subgroup analyses sug-
gested that decreases in all-cause cost slopes
observed among patients with mental health
disorders were nearly 1.5–3 times higher than
the changes observed in the overall cohorts. The
most notable decreases were observed in
patients with substance use disorder, where the
reduction in slope after suvorexant initiation
was nearly $305 per month for the incident

insomnia cohort (* 3 times higher than the
overall cohort). This suggests that suvorexant
had a high impact on patients with mental
health conditions, and that treating insomnia
in patients with mental health disorders may
result in clinical and economic benefits. Our
findings are consistent with the Reducing Sui-
cidal Ideation Through Insomnia Treatment
(REST-IT) study, which found that insomnia
treatment with zolpidem reduced the risk of
suicidal ideation in patients with severe
insomnia [34].

Currently, suvorexant is being studied in
clinical trials in patients with substance use
disorder and insomnia [35]. Our study findings
from the subgroup of patients with substance
use disorder suggest there are potential benefits
associated with suvorexant.

This study has several strengths. As previ-
ously noted, it is the first study to evaluate
HCRU and costs in patients with insomnia
receiving suvorexant. The use of Optum data
provided a large sample size and enabled anal-
ysis of newly diagnosed insomnia patients as
well as prevalent insomnia patients who used
suvorexant. Newly diagnosed patients had lar-
ger decreases in HCRU and costs than the
prevalent insomnia cohort. This could be
because newly diagnosed patients were rela-
tively younger, had lower CCI scores, and had a
lower prevalence of mental health conditions.
Nevertheless, reductions in HCRU and costs
were found for both cohorts. Next, the inter-
rupted time series analysis design enabled us to
control for secular trends in the outcomes data,
and thereby reduce the potential bias of a sim-
ple pre- and post-intervention study design to
provide more specific estimates of the impact of
suvorexant initiation. We used a time series of
monthly costs instead of fixed period costs,
which allowed us to examine changes in both
levels and trends of HCRU and costs. We also
conducted sensitivity analyses using patient-
level data and fixed-effect regressions control-
ling for patient demographics and clinical
characteristics, and accounting for the repeated
nature of longitudinal data. Our findings from
the patient-level models were consistent with
the aggregate-level models.
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The study also has some limitations. It was a
challenge to find a suitable control group due to
heterogeneity present among patients with
insomnia, as several disease conditions have a
bidirectional relationship with insomnia. How-
ever, the quasi-experimental interrupted time
series design allowed for patients to act as their
own statistical ‘‘controls’’. We could not control
for some covariates such as the severity of
insomnia. Our analysis relied on the quality of
claims data available in the Optum database,
which may be subject to omissions, errors, or
other differences in billing and reimbursement
practices. There is an inherent risk of informa-
tion bias resulting from data misclassification.
In addition to suvorexant use, other factors may
have contributed to reductions observed in
costs. These may include patients receiving
treatments for underlying disease conditions,
such as cardiovascular disorders, diabetes, and
mental health conditions. In our study, a large
proportion of patients had mental health
comorbidities, including depression, anxiety,
and substance use disorder. It is possible that
some of the reductions in the costs could be due
to patients receiving treatment for mental
health comorbidities in addition to suvorexant.
We acknowledge that these treatments may
have some confounding effects; however,
patients with mental health conditions were
present for the entire duration of the study,
including the 12-months before and 12 months
after suvorexant initiation. Additionally, in this
study, we used a pre-post quasi-experimental
design which assumes that patient-level con-
founders (observed and unobserved) are similar
in the pre-and post-periods, which helps to
minimize the confounding effect. Further, the
study intended to only examine the association
between suvorexant initiation and economic
outcomes among patients initiating suvorexant.
Therefore, causal inference between suvorexant
initiation and economic outcomes cannot be
ascertained. Future studies would be needed to
assess the causal link between suvorexant
treatment initiation and economic outcomes by
comparing patients on suvorexant to those
receiving other treatments. Additionally, future
research can examine the effects of receiving
suvorexant and concomitant medications on

clinical and economic outcomes. In addition,
the claims database did not include data on
cognitive behavioral therapies for insomnia, the
standard first-line treatment [6]. The study
population was also limited to individuals with
commercial and/or Medicare Advantage cover-
age captured in the Optum database, and
therefore may not be representative of the
entire US population. Further study findings are
not generalizable to patients who were enrolled
intermittently in their health plans, and who
could be more vulnerable to the financial bur-
den of treatments. While insomnia can have a
significant impact on indirect costs (e.g., cost of
lost productivity) and quality of life [2, 7, 9],
due to limitations of the Optum database, we
could only assess direct medical costs in this
analysis. Future studies can evaluate the effects
of suvorexant initiation on indirect costs and
quality of life outcomes.

CONCLUSIONS

In this real-world study, suvorexant initiation
was associated with immediate and continued
decreases within 1 year in all-cause HCRU and
costs among patients with insomnia. Large cost
decreases were observed for patients with
comorbid mental health disorders. Further
research is needed to understand the effect of
suvorexant initiation on direct medical costs as
well as costs associated with lost productivity in
other settings.
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