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Abstract

IMPORTANCE Benzodiazepines are prescribed for the treatment of adolescent sleep disorders;
however, benzodiazepine overdoses occur, often in combination with opioids.

OBJECTIVE To evaluate whether benzodiazepine treatment for sleep disorders, compared with
alternative pharmacologic treatments (trazodone, hydroxyzine, zolpidem, zaleplon, and
eszopiclone), is associated with increased risk of drug overdose for young people.
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and poisoning codes, and health care use measures. We also included the clinician type associated
with the sleep disorder diagnosis, contact with a mental health professional, and psychotherapy
claims. Recent opioid prescription, a stratification variable, was defined as 1 or more opioid
prescriptions dispensed 90 or less days before benzodiazepine or comparator treatment start.

Statistical Analysis
Statistical analysis was performed from November 1, 2021, to May 16, 2022. We characterized the
study population and compared benzodiazepine and comparator initiators. We estimated treatment
length, with discontinuation defined as no prescription fill for 30 days after the last prescription
supply ended. Discontinuation in the comparator group was defined as no subsequent prescription
for any medication within the comparator group. We then estimated the cumulative incidence of 3-
and 6-month overdose with the Kaplan-Meier estimator, and the hazard ratios (HRs) and 95% CIs
using Cox proportional hazards regression models.

Propensity scores were estimated with logistic regression and applied using inverse probability
of treatment weighting (IPTW) to estimate the adjusted cumulative incidence and HRs. The potential
confounders and the factors associated with drug overdose were included in the propensity score
model (eTable 2 in the Supplement). Inverse probability of treatment weights were applied to the
Cox proportional hazards regression model, and no other covariates were added. In the primary
analysis, minimal trimming was applied to areas with no propensity score overlap. Doubly robust
95% CIs were estimated for adjusted HRs.

As-treated and intention-to-treat (ITT) cumulative incidences and HRs are presented. In ITT
analyses, youths were followed up until overdose, 6 months, insurance disenrollment, or end of data
(December 31, 2018), whichever came first. In as-treated analyses, youths were followed up until
treatment discontinuation (30-day grace period), overdose, 6 months, insurance disenrollment, or
end of data, whichever came first. Individuals were analyzed based on initial treatment. Intention-to-
treat estimates were included because overdose risk may continue after treatment ends (eg, if
treatment was associated with subsequent substance misuse). As-treated analyses provide risk
estimates during initial treatment and are useful for safety studies.

Secondary Analyses
We conducted 2 secondary analyses with propensity scores recreated within each stratum. We
stratified by 1 or more filled opioid prescriptions in the 90 days before treatment start. We also
stratified by age group: young adolescents (10-17 years) and young adults (18-29 years); post hoc
analyses were stratified by ages 18 to 24 years and 25 to 29 years.

Sensitivity Analyses
We estimated results using stabilized IPTW (SIPTW) and applied additional trimming for the IPTW-
adjusted analysis, at the first percentile of the propensity score in the exposed group and the 99th
percentile of the unexposed group. We stratified by antidepressant use 90 or less days before
benzodiazepine or comparator treatment start. We conducted analyses excluding individuals aged
10 to 11 years and including new users of clonidine in the comparator group. In a post hoc sensitivity
analysis, we assessed the strength necessary for an unmeasured confounder to fully explain the
observed association between treatment type and drug overdose if no association existed.40

Results

Study Cohort
The primary cohort included 23 084 patients initiating benzodiazepine treatment (14 444 female
participants [62.6%]; mean [SD] age, 23 [4.1] years) and 66 706 initiating comparator treatments
(38 446 female participants [57.6%]; mean [SD] age, 22 [4.4] years; trazodone, 27 815; hydroxyzine,
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10 929; and Z-drugs, 27 962), with 90.3% (81 097 of 89 790) having an insomnia diagnosis and 9.7%
(8693 of 89 790) an unspecified sleep disorder diagnosis (eTable 2 in the Supplement).

New users of benzodiazepines and new users of comparator drugs had many similar
characteristics (Table 1). Benzodiazepine initiators compared with the comparator group were more
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Table 1. Young People Initiating Benzodiazepine or Comparator Treatment for Sleep Disorder: Crude and Propensity Score–Weighted Cohortsa

Characteristic

Study cohort, unweighted Inverse probability of treatment weightingb

No. (%)
Standardized
difference

Weighted, No (%)
Standardized
difference

Benzodiazepine initiators
(n = 23 084)

Comparator group
(n = 66 706)

Benzodiazepine initiators
(n = 89 515)

Comparator group
(n = 89 814)

Male 8640 (37.4) 28 260 (42.4) 0.10 36 674 (41.0) 36 812 (41.0) 0.00

Age at treatment initiation, yc

10-17 2001 (8.7) 9730 (14.6) 0.19 11 865 (13.3) 11 713 (13.0) 0.01

18-24 11 424 (49.5) 33 481 (50.2) 0.01 44 712 (49.9) 44 868 (50.0) 0.00

25-29 9659 (41.8) 23 495 (35.2) 0.14 32 938 (36.8) 33 233 (37.0) 0.00

Comorbid psychiatric diagnoses, 1 y

Anxiety disorder, unspecified

Recent diagnosis (≤30 d) 6897 (29.9) 10 193 (15.3) 0.36 17 116 (19.1) 17 328 (19.3) 0.00

Past diagnosis only
(31-365 d)

1110 (4.8) 3778 (5.7) 0.04 5125 (5.7) 4885 (5.4) 0.01



Age Stratification
For young adults aged 18 to 29 years, the adjusted 6-month cumulative incidence of drug overdose
(ITT analysis) was 0.9% for benzodiazepine initiators and 0.6% for comparator treatment initiators.
In the adjusted analysis for young adults, benzodiazepine treatment was associated with an
increased risk of drug overdose compared with comparator treatment (as-treated analysis: HR, 1.63

Table 1. Young People Initiating Benzodiazepine or Comparator Treatment for Sleep Disorder: Crude and Propensity Score–Weighted Cohortsa (continued)

Characteristic

Study cohort, unweighted Inverse probability of treatment weightingb

No. (%)
Standardized
difference

Weighted, No (%)
Standardized
difference

Benzodiazepine initiators
(n = 23 084)

Comparator group
(n = 66 706)

Benzodiazepine initiators
(n = 89 515)

Comparator group
(n = 89 814)

Other diagnoses, 1 y

Musculoskeletal pain 5312 (23.0) 16 206 (24.3) 0.03 21 829 (24.4) 21 566 (24.0) 0.01

Fatigue, malaise 5228 (22.6) 12 528 (18.8) 0.10 17 871 (20.0) 17 855 (19.9) 0.00

Migraine, headache 4112 (17.8) 11 590 (17.4) 0.01 16 017 (17.9) 15 781 (17.6) 0.01
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[95% CI, 1.25-2.12]) (Table 3). In post hoc stratification by ages 18 to 24 years and 25 to 29 years, the
adjusted HRs were similar (as-treated analysis: HR, 1.62 [95% CI, 1.20-2.18] and 1.52 [95% CI, 0.87-
2.66], respectively). H
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nonpharmacologic interventions, nonbenzodiazepine sleep medication should be strongly
considered for those with recent opioid prescriptions. Because of heightened overdose risks among
opioid users concomitantly using Z-drugs,43,44 cautious prescribing is warranted for current



comorbidities, which could be associated with their observed higher drug overdose incidence. The
heterogeneity in treatment practices and drug overdose risk among people aged 10 to 29 years calls
for further investigation to explore benzodiazepine treatment and drug overdose risk within narrow
age strata.

Although drug overdose risk was elevated for young people initiating benzodiazepines, drug
overdose events were also observed among those starting comparator medications. Psychiatric
conditions often co-occur with insomnia,6,45 which may contribute to overdose risk. Although our
analysis focused on overdose risk, other safety concerns should guide prescribing decisions. For
example, sleep medications have been associated with suicide attempts,46 and Z-drugs carry a boxed
warning of serious injuries from complex sleep behaviors.47



Conclusions

When treating young people for sleep disorders, it is important to consider the elevated risk of drug
overdose with benzodiazepine treatment compared with alternative pharmacologic treatments.
Adolescence and young adulthood are critical periods for which rigorous information is needed on
the risks of benzodiazepine and other treatments for sleep disorders given the consequences of
sleep disorders and the potential for treating insomnia to reduce adverse outcomes.2,4 With the lack
of large, head-to-head trials of benzodiazepine and alternative sleep medications among young
people, continued observational research on the comparative safety of pharmacologic treatments
for sleep disorders is necessary to guide treatment decisions. By quantifying the 6-month risk of drug
overdose after benzodiazepine treatment initiation for sleep disorders and providing comparative
estimates on drug overdose among initiators of other pharmacologic interventions, we hope to
inform prescribing decisions and encourage close monitoring for this young patient population.
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