Amari et al. BMC Geriatrics (2022) 22:484 H H
https://doi.org/10.1186/512877-022-03165-6 B M C G e rl atrl CS

RESEARCH Open Access

. ®
Falls, healthcare resources and costs in older e

adults with insomnia treated with zolpidem,
trazodone, or benzodiazepines

Diana T. Amari"", Timothy Juday?, Feride H. Frech?, Weiying Wang', Zheng Wu', Norman Atkins Jr.? and
Emerson M. Wickwire?

Abstract

Background: Falls are the leading cause of injury-related death among older Americans. While some research has
found that insomnia heightens falls, health care resource utilization (HCRU) and costs, the impact of insomnia treat-
ments on fall risk, mortality, HCRU and costs in the elderly population, which could be of substantial interest to payers,
has not been fully elucidated. This study evaluated the risk of falls and related consequences among adults > 65 years
of age treated with common prescription medications for insomnia compared with non-sleep disordered controls.

Methods: This was a retrospective cohort analysis of deidentified Medicare claims from January 2011 through
December 2017. Medicare beneficiaries treated for insomnia receiving zolpidem extended-release, zolpidem imme-
diate-release, trazodone, or benzodiazepines were matched with non-sleep disordered controls. The main outcomes
were falls, mortality, healthcare resource utilization (HCRU), and medical costs during the 12 months following the ear-
liest fill date for the insomnia medication of interest. Generalized linear models controlled for several key covariates,
including age, race, sex, geographic region and Charlson Comorbidity Index score.

Results: The study included 1,699,913 Medicare beneficiaries (59.9% female, mean age 75 years). Relative to controls,
adjusted analyses showed that beneficiaries receiving insomnia medication experienced over twice as many falls
(odds ratio [OR]=2.34, 95% Cl: 2.31-2.36). In adjusted analyses, patients receiving benzodiazepines or trazodone had
the greatest risk. Crude all-cause mortality rates were 15-times as high for the insomnia-treated as controls. Compared
with controls, beneficiaries receiving insomnia treatment demonstrated higher estimated adjusted mean number of
inpatient, outpatient, and emergency department visits and longer length of inpatient stay. All-cause total adjusted
mean costs were higher among insomnia treated patients (5967 vs $454).

Conclusions: Individuals receiving insomnia treatment had an increased risk of falls and mortality and higher HCRU
and costs compared with matched beneficiaries without sleep disorders. Trazodone and benzodiazepines were
associated with the greatest risk of falls. This analysis suggests that significant risks are associated with common,
older generation insomnia medication treatments in the elderly. Nonetheless, these results should be interpreted
with caution as the use of these medications may be indicative of underlying morbidity with potential for residual
confounding.
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Background

Falls are the leading cause of injury-related deaths among
older adults (ie, age > 65 years) [1] and incur a substan-
tial economic burden due to costs associated with subse-
quent fractures, hospital visits, and long-term care [2]. In
particular, medication-related falls or fractures are recog-
nized as an important consideration for clinicians when
initiating new pharmacotherapy in older adult patients.
Clinical experts have published guidelines, such as the
American Geriatrics Society (AGS) Beers Criteria [3],
to help inform treatment decisions. However, details on
guideline use when treating certain conditions are scant.

Insomnia, a common sleep—wake disorder character-
ized by difficulty initiating or maintaining sleep or both,
is more prevalent among older adults [4, 5] and older
adults are more likely to be prescribed medication for
insomnia treatment [6]. Medication classes commonly
used to treat insomnia — including benzodiazepines and
z-drugs (i.e. non-benzodiazepine sedative hypnotics such
as zolpidem) — can have adverse effects that may pose
elevated risk for older adults. Benzodiazepine adverse
effects include cognitive and memory impairment,
rebound insomnia upon cessation, and increased risk of
motor vehicle accidents (MVAs), falls, dependence, and
addiction [7, 8]. Z-drugs are associated with next day
cognitive, memory, psychomotor, and balance impair-
ments and risk of dependence and addiction [7, 8]. Thus,
these medications may be inappropriate for use in older
adults, particularly those with a history of falls or frac-
tures [9], due to unfavorable risk—benefit ratios. Clini-
cians often prescribe off-label the heterocyclic trazodone
for insomnia management. Trazodone may be perceived
as a safer alternative in older adults due to the lack of
anti-cholinergic activity and cardiotoxicity, although lim-
ited published data are available to support efficacy or
safety in this population [10]. The most common adverse
effects associated with trazodone use include daytime
sleepiness and orthostatic hypotension [11], which may
pose a risk of falls in an older population, particularly
upon awakening from sleep [12]. National data suggests
that zolpidem and low-dose trazodone are the most fre-
quently prescribed medications used for insomnia man-
agement in the US, followed by benzodiazepines; use of
low-dose trazodone for insomnia has increased in recent
years while zolpidem use has decreased [6, 13].

Given the aging US populace and the increasing preva-
lence of insomnia among older adults, insomnia-related
falls represent a major public health concern [14-18].
However, no recent studies have assessed healthcare
costs or outcomes associated with frequently prescribed
insomnia medications among older adults.

To address this known gap in the literature, the objec-
tive of this study was to evaluate the risk of falls among
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older adults (age>65 years) prescribed medications
commonly used to treat insomnia. Additional study
objectives were to describe mortality, all-cause health
care resource utilization (HCRU), and costs among
older adults prescribed these medications for insomnia
treatment.

Methods

Data source

This was a retrospective cohort study using the 100%
Medicare administrative claims database (ie, research
identifiable files, RIFs) from January 2011 through
December 2017. The Medicare database provides data in
3 separate file types: 1) data that can allow patient iden-
tification; 2) dataset files containing patient-level data
but no identifying information; 3) data that has been
aggregated and contains no patient- or provider-level
information. Care settings included within the Medicare
database comprise outpatient, inpatient, skilled nursing
facility, hospice, home health agency, prescription drugs
and more. Of note, claims data generally provide infor-
mation on the provision of a service (e.g., laboratory test)
rather than the outcome (e.g., laboratory result) [19].

In this study, patients receiving insomnia treatment
were identified from 1 January 2012 through 31 Decem-
ber 2016. The index date was defined as the earliest fill
date for an insomnia medication of interest (benzodiaz-
epines, trazodone, zolpidem ER (extended release), and
zolpidem IR (immediate release)). Based on available
market research, the most commonly used prescription
insomnia medications were selected for analysis. Other
prescription insomnia medications were not included,
largely due to low sample size issues stemming from
limited time on the market and/or low market share. In
addition, a matched control cohort of non-sleep disor-
dered adults were identified from January 2012 through
December 2016. Patients in the control group were
matched 1-to-1 with individuals in the insomnia treated
group based on birth year and sex. For the matched con-
trol group, the index date was defined as the index date
for the matched insomnia patient.

This study was performed in accordance with the Hel-
sinki Declaration of 1964, and its amendments. Analysis
of commercially available de-identified secondary data
sources is considered exempt from the requirements
for “human subjects research” in the US. This study did
not involve collection, use or transmittal of individually
identifiable data and only used de-identified data there-
fore Institutional Review Board (IRB) approval was not
required.
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Study population

All patients were aged > 65 years at index date and were
enrolled in health plans with full medical and drug cov-
erage continuously for at least 12 months before and
after the index date. The index date was the earliest pre-
scription fill date for an insomnia medication of inter-
est. To ensure that all patients included in the study had
insomnia and were receiving prescription medication
treatment for their condition, the primary inclusion
was 1) >1 FDA-approved insomnia medication of inter-
est or 2) trazodone <100 mg or>1 off-label insomnia
treatment coupled with>1 physician-assigned ICD-9/
ICD-10 insomnia diagnosis code within 12 months pre-
index date. In addition, to ensure treatment for chronic
insomnia (e.g., as opposed to a short-term hypnotic
prescription for long-haul air travel), beneficiaries with
claims for a single insomnia treatment were required to
have received >5 days’ supply based on expert opinion.
Exclusion criteria included 1) missing birth year or sex;
2) claim for an insomnia medication of interest within
the 12-month pre-index period to remove prior treated
insomnia patients; 3) patients receiving benzodiazepines
with a concurrent diagnosis of anxiety; 4) a motor vehi-
cle crash (MVC) concurrent to a fall event if documented
within 7 days of the fall event. In such instances, motor
vehicle insurance may have covered a substantial por-
tion of healthcare costs, which could bias results. No data
were available for non-prescription treatments in this
dataset, including over-the-counter treatments or cogni-
tive behavioral therapy for insomnia, and therefore these
treatment options were not further considered.

Inclusion in the matched control cohort required no
evidence of sleep-related disorders including insomnia,
insomnia diagnosis or sleep-related disorders in Medi-
care claims during the observational period. Specific
sleep-related disorders/medications/procedures excluded
patients from the matched control cohort: (1) insomnia,
hypersomnia, sleep-related breathing disorders, circa-
dian rhythm sleep disorders, parasomnia, sleep-related
movement disorders and drug-induced sleep disorders;
(2) sleep-related medications, which are insomnia medi-
cations of interest in this study; and (3) sleep related pro-
cedures (ie, sleep study procedures, sleep services, home
sleep apnea testing, and sleep-related durable medical
equipment).

Outcomes

“Fall events” were defined as receipt of >1 diagnostic
code for falls, hip fractures, or traumatic brain injuries
(TBIs), regardless of claim position or point of service.
Multiple falls, hip fractures, or TBIs on the same day or
within 7 days of each other were counted as a single fall
event.
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“MVA events” were defined as receipt of > 1 diagnostic
code for a MVA. If there were diagnosis claims for both
MVA and falls on the same day, priority was given to the
fall event. Multiple claims for MVA within 7 days were
considered part of the same MVA event.

Overall all-cause annual crude mortality rate was
defined as the ratio of patient deaths to total patients
([number of deaths/patient time*365 days]/total patients)
and was calculated for all patients and those with and
without a fall event.

HCRU included inpatient, ED (emergency depart-
ment), and outpatient visits. Inpatient visits were based
on inpatient admission records. ED visits were identified
as outpatient visits with ED as the place of service. HCRU
categories were not mutually exclusive.

Costs associated with each HCRU category were
assessed overall and for patients with and without falls.
(Note these costs were assessed only for those patients
with at least one HCRU claim for a specific category of
HCRU. For example, the total inpatient costs represented
the cost associated with inpatient visits for those with
at least one inpatient visit only.) Total prescription drug
costs and costs for insomnia and non-insomnia medica-
tions were reported separately. All costs were estimated
per patient per year (PPPY) or per patient per month
(PPPM) and were adjusted to 2019 US dollars (USD)
based on the medical care component of the consumer
price index (CPI) [20].

Statistical analysis
Statistical analyses were performed using SAS Enterprise
Guide version 7.1 (SAS Institute, Inc., Cary, NC).

Baseline demographics

Means, standard deviations, medians, interquartile
ranges, and minimum and maximum values are reported
for continuous variables. Frequencies and percentages
are reported for categorical outcomes.

Falls

Fall events were described for the treated insomnia
cohort by drug, or by drug class for benzodiazepines, and
for the matched control cohort within 12 months after
the index date. Time to first event was also calculated as
days from index date to the first fall event. Generalized
linear models with Poisson distribution while adjust-
ing for covariates (see list below) were used to estimate
adjusted incidence rates, incidence rate ratios (IRR), and
95% confidence intervals (CI) between the treated and
the matched cohorts. Odds ratios with 95% CI, deter-
mined using logistic regression, were used to compare
the risk of fall events between the treated and matched
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control cohorts. The hazard ratio for time to first event
was estimated using a Cox proportional hazard model
with robust variance estimation while adjusting for con-
founding variables. The 95% CI was also reported.

Mortality

Impact of treated insomnia on mortality was evaluated
by comparing unadjusted proportions of patients with
mortality outcomes (treated insomnia vs non-sleep dis-
ordered control) using chi-square tests.

HCRU and costs

Impact of treated insomnia on HCRU and cost was eval-
uated by comparing beneficiaries with treated insomnia
and non-sleep disordered controls using 95% CI, without
adjusting for multiplicity. Statistical significance rates
(p-values) were also reported.

Co-variates

Co-variates included geographic region (Northeast,
North Central, South, and West); medical and psychiat-
ric comorbidity burden (baseline Charlson Comorbidity
Index [CCI] score: 1, 2, 34) [21]; and race (Non-Hispanic
White, Black [Or African American], Hispanic, Asian/
Pacific Islander, American Indian/Alaska Native, and
Other). Consistent with published literature, variables
identified as potential confounders affecting health out-
comes were derived from claims data and, all these vari-
ables were included in each adjusted model as covariates.

Results
Patient demographics and characteristics
After matching, 1,699,913 patients were included in
each cohort (Supplementary Fig. 1). Among the insom-
nia treated cohort, the proportion of patients receiving
each index treatment was zolpidem IR 36.2%, trazodone
34.2%, benzodiazepines 29.1%, and zolpidem ER 0.5%.
After matching, the insomnia treated and matched
control cohorts had the same sex distribution and age at
index (Table 1). Relative to non-sleep disordered controls,
patients with treated insomnia had a substantially higher
comorbidity burden (mean CCI (1.7 [SD 2.5]) vs (0.7 [SD
1.5]). In addition, patients with treated insomnia dem-
onstrated a slightly shorter mean duration of post-index
Medicare enrollment (41 months [SD 17.3] vs 44 months
[SD 17.0]). No other differences in demographic or clini-
cal characteristics were observed (Table 1).

Fall outcomes

Relative to non-sleep disordered controls, patients
with treated insomnia were more likely to have expe-
rienced >1 fall events in the 12 months post-index (9.4
vs 3.1%; Fig. 1). Among the insomnia treated cohort, a
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greater proportion of patients receiving benzodiazepines
(11.3%) or trazodone (9.5%) experienced a fall event rela-
tive to the proportions of patients receiving zolpidem IR
(7.7%) or zolpidem ER (6.0%).

Relative to non-sleep disordered controls, beneficiar-
ies with treated insomnia with>1 falls experienced
more falls per enrollee (2.0 [SD 2.2] vs. 1.6 [SD 1.7]).
This pattern was consistent across all individual insom-
nia treatments studied. The mean number of fall events
per patient with one or more falls was highest among
patients receiving trazodone. The mean time to first fall
in patients with one or more fall event was 154.2 days
(SD 111.8) in the insomnia treated group (n=160,465)
and 176.1 days (SD 107.9) in the matched control group
(n="53,011).

Among patients with treated insomnia, the adjusted
incident rate (IR) for a fall event was 9.2 per 100 per-
son years (PY; 95% CI 9.1 to 9.3); among controls this IR
was 4.1 per 100 PY (95% CI 4.0 to 4.1). Among patients
with treated insomnia, the incidence rate ratio (IRR) for
a fall event was 2.26 (95% CI 2.2 to 2.3). Relative to the
matched control cohort, fall events were more common
in each treatment cohort studied. Relative to the adjusted
IR for patients receiving zolpidem IR (8.2 per 100 PY) or
zolpidem ER (7.2 per 100 PY), the adjusted IR was higher
for patients receiving benzodiazepines (10.0 per 100 PY)
or trazodone (9.8 per 100 PY).

Relative to non-sleep disordered controls, the OR for
a fall event in the overall insomnia treated cohort was
2.3 (95% CI: 2.1, 2.4)) (Fig. 2A). Relative to the control
cohort, the HR for the first fall after the index date for
the overall insomnia treated cohort was 2.3 (95% CI: 2.23,
2.3) (Fig. 2B). Each value was highest among patients
receiving benzodiazepines followed by trazodone. Note
that OR and HR patterns for overall treatment group and
specific medications were quite similar.

Mortality

Relative to non-sleep disordered controls, beneficiar-
ies with treated insomnia were significantly more likely
to experience all-cause mortality in the 12 months post-
index (0.3% vs 0.02%; p<0.001). Among beneficiaries
with treated insomnia who experienced a fall event, rela-
tive to non-sleep disordered controls, all-cause mortality
was significantly more likely (prevalence 0.9% vs. 0.1%,
p<0.001).

Patients receiving zolpidem ER, zolpidem IR, trazo-
done, or benzodiazepines were significantly more likely
to experience all-cause mortality, relative to the respec-
tive controls (all p <0.001). Among individuals who expe-
rienced falls, relative to non-sleep-disordered controls,
patients receiving zolpidem IR, trazodone, or benzo-
diazepines were significantly more likely to experience
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Table 1 Patient demographics and clinical characteristics
Category Insomnia Treated Patients Matched Control Cohort
Post-Matching
N % N %
Total 1,699,913 100.0% 1,699,913 100.0%
Sex
Female 1,017,413 59.9% 1,017,413 59.9%

Age at Index

Mean (SD) 754 (6.8) 754 (6.8)

Median (IQR) 74.0 (70.0—80.0) 74.0 (70.0—80.0)

Min (Max) 65 (111) 65(111)
Duration of Post-Index Enrollment (months)

Mean (SD) 406 (17.3) 44.1(17.0)

Median (IQR) 40.2 (25.1—57.2) 46.(294—59.1)

Min (Max) 1(72) 0(72)
Charlson Comorbidity Index

Mean (SD) 1.7 (2.5) 0.7 (1.5)

Median (IQR) 1(0-3) 00-1)

Min (Max) 0(24) 0(20)
Comorbidities

Depression 296,097 17.4% 56,258 3.3%

Osteoporosis 280,462 16.5% 178,721 10.5%

Traumatic brain injury 62,318 3.7% 16,672 1.0%

Alzheimer’s disease and related demen- 144,834 8.5% 31,812 1.9%

tia

Chronic pain 108,468 6.4% 19,222 1.1%

Obstructive sleep apnea 113,161 6.7% 0 0.0%
Index Treatment

Benzodiazepines 494,655 29.1%

Trazodone 581,117 34.2%

Zolpidem ER 8,196 0.5%

Zolpidem IR 615,945 36.2%

Abbreviations: ER Extended release, IQR Interquartile range, IR Immediate release, Max Maximum, Min Minimum, SD Standard deviation

all-cause mortality (p <0.001). Further, in this population,
all-cause mortality was greater among patients receiving
trazodone (0.4%) than among patients receiving benzo-
diazepines (0.3%), zolpidem IR (0.3%) or zolpidem ER
(0.2%).

All-cause HCRU

Relative to non-sleep disordered controls, patients with
treated insomnia demonstrated greater mean inpatient
visits per month (0.1 vs 0.1; OR 1.3; 95% CI 1.3 to 1.3;
p<0.001), and a longer estimated mean length of inpa-
tient stay (10.8 days vs. 7.1 days; OR 1.5; 95% CI 1.5 to
1.5; p<0.001) (Table 2). Relative to controls, patients with
treated insomnia also demonstrated significantly greater
mean ED visits (0.2 vs. 0.1; OR 1.3; 95% CI 1.3 to 1.3;

p<0.001) and outpatient visits (0.6 vs. 0.4; OR 1.5; 95% CI
1.5 to 1.4; p<0.001) (Table 2).

Relative to non-sleep disordered controls, patients with
treated insomnia demonstrated greater estimated mean
inpatient visits, ED visits, and outpatient visits, which
were similar across the stratified insomnia treated groups
(Supplementary Table 1). Estimated mean ratios (EMRs)
for inpatient visits and ED visits were greatest among
patients receiving benzodiazepines, while the EMR for
outpatient visits was greatest among patients receiving
trazodone (Supplementary Table 1).

All-cause cost

Relative to matched non-sleep disordered controls,
patients with treated insomnia demonstrated greater esti-
mated mean total costs per patient per month (PPPM)
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“Fall events” were defined as receipt of 21 diagnostic code for falls, hip fractures, or traumatic brain injuries, regardless of

claim position or point of service. See methods for additional details.
Fig. 1 Percentage of patients with 1 +falls in the overall and stratified insomnia treated and matched control cohorts

($967.0 vs $454.6; EMR 2.1; 95% CI, 2.1 to 2.1; p<0.001)
(Table 3). Patients with treated insomnia also demon-
strated greater inpatient costs, ED costs, and outpatient
costs (all p<0.001) (Table 3).

Relative to matched non-sleep disordered controls,
the mean total cost PPPM was highest among patients
receiving benzodiazepines (EMR 2.4; 95% Cl 2.3, 2.4
p<0.001) (Supplementary Table 2). Relative to matched
controls, patients with treated insomnia receiving zolpi-
dem IR, trazodone, or benzodiazepines demonstrated
significantly higher inpatient costs PPPM (all p<0.001),
but no differences were observed for patients receiving
zolpidem ER (Supplementary Table 2). This trend was
also observed for patients who experienced a fall event:
Patients with treated insomnia demonstrated signifi-
cantly greater ED costs PPPM and outpatient costs PPPM
(all p<0.001). Similar relations were observed among
patients experiencing fall events and receiving each index
treatment (ED costs and outpatient costs, p<0.01) (Sup-
plementary Table 2).

Discussion

In this national Medicare administrative claims data
study, older adult beneficiaries taking common insomnia
medications demonstrated significantly elevated risk of
falls, all-cause mortality, HCRU, and costs compared with
non-sleep disordered controls. In addition to highlighting

adverse outcomes associated with common insomnia
treatments, our most novel findings pertain to substan-
tial risks associated with trazodone, which is often per-
ceived as a safe, albeit off-label, approach to insomnia
medication treatment [22]. Note, however, as this study
was observational and not a randomized controlled trial,
the results show association and not causality. Specifi-
cally, residual confounding due to potential misclassifi-
cation of medication exposure and lack of availability of
clinical variables such as severity of insomnia and other
underlying illnesses cannot be ruled out.

This study’s findings are consistent with two previous
studies among older adults which suggested increased
risk of falls associated with trazodone use [23] and com-
parable risk of fall-related injury associated with use of
low-dose trazodone or benzodiazepines [24]. Very few
studies have examined the impact of trazodone in insom-
nia, particularly among older adults. Roth and colleagues
conducted a small, placebo-controlled study and found
trazodone to be associated with impairments in next day
balance and arm muscle strength among older adults
with insomnia [25]. Low-dose trazodone is commonly
prescribed off-label for insomnia, yet it remains under-
studied and controversial. Indeed, the most common side
effects associated with trazodone include drowsiness and
dizziness [26]. Nonetheless, many prescribers perceive
trazodone as a relatively safe treatment [22] — and some
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Abbreviations: Cl, confidence interval; OR, odds ratio; HR, hazard ratio.

OR and HR estimated using a generalized linear model with a Gamma distribution and

log link function while adjusting for age, sex, race, geographic region and Charlson

Comorbidity Index score. “Fall events” were defined as receipt of 21 diagnostic code

for falls, hip fractures, or traumatic brain injuries, regardless of claim position or point

of service. See methods for additional details.
Fig. 2 a Odds ratio (OR) for fall events in the insomnia treated cohort. b Hazard ratio (HR) for fall events in the insomnia treated cohort

payers may require off-label use of low-dose trazodone as

this physician perception of trazodone as a “safer” sleep-

first line therapy for insomnia — although AASM Clini-
cal Guidelines do not recommend trazodone due to lim-
ited efficacy/safety study data [10]. AASM asserts that

promoting agent and consequent prescribing practices of
those physicians have engendered the widespread use of
trazodone for insomnia [10]. In this vein, findings from
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Table 2 All cause healthcare resource utilization in the insomnia treated and matched control cohorts
Category Overall Patient
N (%) Estimated Mean Estimated Mean P-value®
Ratio with 95% ClI
Inpatient Visits
Number of visits per month
Treated Patients 315,679 (18.6%) 013 1.29 (1.28,1.30) <.001
Matched Control Cohort 83,826 (4.9%) 0.10
Length of inpatient stay among those with inpatient visits (days)
Treated Patients 315,679 (18.6%) 10.81 1.52(1.52,1.53) <.001
Matched Control Cohort 83,826 (4.9%) 7.10
ED Visits
Number of visits per month
Treated Patients 374,441(22.0%) 0.15 1.30(1.297,1.31) <.001
Matched Control Cohort 146,947 (8.6%) 012
Outpatient Visits
Number of visits per month
Treated Patients 868,655 (51.1%) 0.56 1.49 (1.48,1.49) <.001
Matched Control Cohort 595,020 (35.0%) 037

Abbreviations: Cl, Confidence interval, ED Emergency department

@ Mean estimated using a generalized linear model with a Gamma distribution and log link function while adjusting for age, sex, race, geographic region and Charlson

Comorbidity Index score

Empty cells represent values not available for analysis. OR adjusted model is not feasible, due to the small sample size

Patients with 1+MVA, or 1 +fall and MVA, represented a negligible population and were excluded as motor vehicle insurance may have covered healthcare costs

the current national study add an important population
health perspective to the literature.

Among our 100% sample of Medicare beneficiaries,
relative to non-sleep disordered controls, patients with
treated insomnia demonstrated a 2.0- to 2.5-fold greater
risk of falls. These results are consistent with and build
upon previous studies showing a higher risk of falls
among older adults treated for insomnia [27-31]. In most
analyses, relative to patients receiving zolpidem IR or
zolpidem ER, patients receiving benzodiazepines dem-
onstrated the greatest risk of falls, followed by patients
receiving trazodone. Increased risk of falls associated
with benzodiazepines and zolpidem have been exten-
sively reported in patients with insomnia [32-37]. The
risk is particularly salient among older adults [33] for
whom sedative hypnotic medications are inappropri-
ate per published guidelines [9]. Consistent with prior
reports [16], we found these potentially inappropri-
ate medicines to be prescribed frequently among older
adults [38].

Present results suggest that relative to non-sleep dis-
ordered controls, patients with treated insomnia were
significantly more likely to have experienced all-cause
mortality. Likewise, relative to patients who did not
experience falls, individuals who experienced falls were
observed to be significantly more likely to die from any
cause. Importantly, relative to patients receiving other

insomnia medications, patients receiving trazodone had
a higher rate of death. Although prior research has com-
pared mortality between patients receiving trazodone
and antipsychotics [25], to our knowledge, this is the first
study demonstrating an increased risk of mortality in
patients receiving trazodone for insomnia.

In addition to increased risk of falls and death, relative
to non-sleep disordered controls, patients with treated
insomnia also demonstrated worse economic outcomes.
Patients with treated insomnia demonstrated more
than twice the rates of inpatient and ED visits. Similarly,
patients with treated insomnia demonstrated more than
twice the overall healthcare costs, even after controlling
for confounding variables, including geographic region,
medical and psychiatric comorbidity burden, age, race
and sex. The observations of higher HCRU and costs
for patients with insomnia are consistent with previous
reports and add to a growing body of literature regard-
ing the economic burden of insomnia and health eco-
nomic aspects of insomnia treatments. In one large
study, ED visits and physician visits were 50% and 120%
higher, respectively for patients with insomnia than for
those without [39, 40]. In another study of Medicare ben-
eficiaries, ED visits were higher among insomnia treated
patients in the year following diagnosis [41]. Inpa-
tient costs, followed by outpatient costs, were the pri-
mary drivers of total costs both pre- and post-insomnia
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Table 3 All cause costs in the insomnia treated and matched control cohorts
Category Overall Patient
N (%) Estimated Mean Estimated Mean Ratio with P-value®
95% ClI
Total Cost (PPPM)
Treated Patients 1,699,913 (100.0%) 5967 2.13(2.12,2.13) <.001
Matched Control Cohort 1,603,929 (94.4%) $455
Medical Cost (PPPM)
Inpatient Costs
All patients
Treated Patients 315,679 (18.6%) $1,912 1.25(1.24,1.26) <.001
Matched Control Cohort 83,826 (4.9%) $1,529
Patients with no fall® or MVA events®
Treated Patients 226,035 (13.3%) $1,761 1.21(1.20,1.22) <.001
Matched Control Cohort 66,618 (3.9%) $1,454
Patients with 14 fall®
Treated Patients 87,298 (5.1%) $2,343 127 (1.25,1.29) <.001
Matched Control Cohort 16,602 (1.0%) $1,848
ED Costs
All patients
Treated Patients 374,441 (22.0%) 5134 1.39(1.38,1.39) <.001
Matched Control Cohort 146,947 (8.6%) $97
Patients with no fall° or MVA events®
Treated Patients 256,246 (15.1%) $125 1.32(1.31,1.33) <.001
Matched Control Cohort 111,059 (6.5%) $94
Patients with 1+ fall
Treated Patients 113,905 (6.7%) $158 149 (1.47,1.50) <.001
Matched Control Cohort 34,016 (2.0%) 5106
Outpatient Costs
All patients
Treated Patients 868,655 (51.1%) $292 1.82(1.81,1.83) <.001
Matched Control Cohort 595,020 (35.0%) 5161
Patients with no fall® or MVA events®
Treated Patients 727,581 (42.8%) $279 1.81(1.80,1.82) <.001
Matched Control Cohort 552,413 (32.5%) $154
Patients with 1+ fall
Treated Patients 136,150 (8.0%) $380 1.51(1.49,1.54) <.001
Matched Control Cohort 40,523 (2.4%) $251

Abbreviations: Cl Confidence interval, PPPM Per patient per month, MVA Motor vehicle accident

@ Healthcare costs estimated using a generalized linear model with a Gamma distribution and log link function while adjusting for age, sex, race, geographic region
and Charlson Comorbidity Index score. Empty cells represent values not available for analysis. OR adjusted model is not feasible, due to the small sample size. Patients

with 1+MVA, or 1+ fall and MVA, represented a negligible population and were excluded as motor vehicle insurance may have covered healthcare costs

b “Fall events” were defined as receipt of > 1 diagnostic code for falls, hip fractures, or traumatic brain injuries (TBIs), regardless of claim position or point of service.

See methods for additional details

€ “MVA events” were defined as receipt of > 1 diagnostic code for a MVA. See methods for additional details

diagnosis, in both treated and untreated cohorts. Sur-
prisingly, this previous Medicare analysis showed no
significant difference in total costs between the treated
and untreated cohorts during the 12 months prior and
12 months post-insomnia diagnosis [42]. In another
study, relative to non-sleep disordered controls, patients

with untreated insomnia demonstrated $63,607 (95% CI:
$60,532, $66,685) higher all-cause healthcare utilization
and costs in the 11 months prior to insomnia diagnosis
or matched index date, with inpatient care accounting for
most of the healthcare use and costs (2019 USD) [43].
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Falls are associated with substantial economic burden.
Depending on the severity of the fall, costs per fall can
range from $1,596 to $10,913, and costs for fall-related
hospitalizations can range from $10,052 to $42,840 (2010
USD) [43]. Total annual costs of insomnia in the US are
estimated at $77 to $116 billion, with $75 to $100 billion
of these costs being indirect [2]. Thus, present results are
consistent with prior studies demonstrating a substantial
public health burden and elevated direct medical costs
associated with both insomnia treatment and falls.

Our study possesses strengths. Most important, we
performed a comprehensive, large-scale analysis of the
impact of treated insomnia on falls and other adverse
outcomes among older adults. Second, in addition to
being large, our Medicare sample is highly generalizable,
representing 100% of Medicare fee-for-service benefi-
ciaries in the US. Third, we considered the most widely
prescribed insomnia treatments, including low-dose tra-
zodone, which is frequently used off-label to treat insom-
nia. Fourth, we employed multiple measures to maximize
the specificity of our operational definitions, such as
excluding patients receiving benzodiazepines with a con-
current diagnosis of anxiety.

At the same time, our methodology has limitations for
consideration. Most important, we were unable to assess
some clinical variables including insomnia symptoms or
severity, daytime function, and quality of life. Second, we
did not match on specific comorbidities, concomitant
medication use or previous fall history, but we did con-
trol for comorbidity burden using the Charlson Comor-
bidity Index in the adjusted generalized linear models.
Claims data limitations did not allow us to control for
patient frailty or severity of illness. It has been suggested
that these patients may use hypnotics more often for
reasons such as stress and fear because of an underlying
severe illness. Third, we assessed only falls that required
medical attention, and we were unable to assess falls that
resulted in death. Fourth, there is currently no validated
algorithm to identify patients with insomnia in admin-
istrative claims data, and insomnia is underreported
and underdiagnosed. Thus, we relied on prescription
drug claims for on- or off-label insomnia treatments to
identify the patients with treated insomnia. Dosing was
limited for trazodone to <100 mg without requiring an
accompanying insomnia diagnosis to further ensure
its use for insomnia in the absence of a diagnosis code.
Claims data do not contain information on whether or
when the patient took their prescription medication, only
the fill date. Fifth, we did not control for extent of expo-
sure (dosage and persistence) in the analysis; effects were
attributed to first index medication with > 5 days’ supply.
Medication exposure at the time of fall was not ascer-
tained. Sixth, we were unable to assess over-the-counter
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(OTC) insomnia treatments, certain prescription insom-
nia medications, or non-pharmacological treatments (ie,
cognitive-behavioral treatment). Given the nature of our
data source (and our inability to assess use of OTC medi-
cation), we were unable to control for untreated insom-
nia, which has itself been associated with increased risk
of falls and HCRU [30, 43]. Finally, administrative claims
methodology design precludes determination of causal-
ity. Lastly, insomnia patients could differ from the control
group beyond exposure to the insomnia drugs of interest,
namely with respect to variables that we could not con-
trol (eg, disease severity, health status).

In summary, this national analysis of 100% Medi-
care claims examined outcomes for older adult patients
treated with commonly prescribed medications for
insomnia (ie, benzodiazepines, trazodone, zolpidem IR,
zolpidem ER). Compared with non-sleep disordered con-
trols, treated adult patients demonstrated significantly
increased risk of falls, all-cause mortality, and adverse
economic outcomes. Although prescribers may perceive
trazodone as a lower-risk alternative for treatment of
insomnia, this study’s findings suggest that trazodone,
like benzodiazepines and zolpidem, was associated with
higher risk of falls and higher healthcare resource utiliza-
tion compared to controls. Further, risk varied by insom-
nia medication, with benzodiazepines and trazodone
typically being associated with the worst outcomes. Note,
however, that this was an observational study rather than
a randomized controlled trial so the results of this study
are associative rather than causal. Future research should
seek to identify patients at greatest risk of adverse out-
comes from commonly prescribed insomnia treatments
and to match these individuals with safe, effective alter-
natives. Most important, these results highlight the need
for insomnia treatments which are suitable for use in
older adults with insomnia and are not associated with an
increased risk of falls.
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