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Study Objectives: To determine current patterns and predictors of use of prescription medications commonly used for insomnia (MCUFI) in the U.S.
Design: Cross-sectional study.

Setting: National Health and Nutrition Examination Survey, 1999-2010.

Participants: 32,328 noninstitutionalized community-dwelling U.S. adults.

Interventions: N/A.

Measurements and Results: We defined MCUFI use as use of any of the following medications in the preceding month: benzodiazepine receptor
agonists (eszopiclone, zaleplon, zolpidem, estazolam, flurazepam, quazepam, temazepam, triazolam), barbiturates (amobarbital, amobarbital-
secobarbital, chloral hydrate), doxepin, quetiapine, ramelteon, and trazodone. We estimated prevalence of MCUFI use and concurrent use of
another sedating medication. We determined predictors of MCUFI use using multivariate logistic regression.

Overall, 3% percent of adults used a MCUFI within the preceding month. Zolpidem and trazodone were used most commonly. Overall MCUFI use
increased between 1999-2000 and 2009-2010 (P value for trend < 0.001). Concurrent use of other sedating medications was high, with 55% of
MCUFI users taking at least one other sedating medication and 10% taking = 3 other sedating medications. Concurrent use of MCUFIs with opioids
(24.6%) and non-MCUF| benzodiazepines (19.5%) were most common. After adjustment, adults seeing a mental health provider (aOR 4.68, 95%
C.I. 3.79, 5.77), using other sedating medications (aOR 4.18, 95% C.I. 3.36, 5.19), and age = 80 years (aOR 2.55, 95% C.I. 1.63, 4.01) had highest
likelihood of MCUFI use.

Conclusion: In this nationally representative sample, reported use of prescription medications commonly used for insomnia (MCUFIs) within the
preceding month was common, particularly among older adults and those seeing a mental health provider, with high use of sedative polypharmacy

among MCUFI users.

Keywords: Insomnia, prescription medication use, NHANES, hypnotics and sedatives, benzodiazepines, sleep disorders
Citation: Bertisch SM; Herzig SJ; Winkelman JW; Buettner C. National use of prescription medications for insomnia: NHANES 1999-2010. SLEEP

2014;37(2):343-349.

INTRODUCTION

Insomnia affects an estimated 10-15% of American adults.'
Growing awareness of insomnia and other sleep disorders
led to a doubling of physician visits for sleeplessness and an
over 7-fold increase in visits with insomnia diagnoses from
1993 to 2007.> Prescriptions for medications for insomnia
have increased accordingly, with a striking 30-fold increase in
prescriptions for nonbenzodiazepine sedative hypnotics (e.g.,
zolpidem) during this time.?

Despite these remarkable trends, as well as ongoing concerns
regarding safety®* and tolerance of prescription medications
indicated for insomnia, particularly among older adults,’ few
have investigated the current prevalence, patterns, and predic-
tors of use of prescription medications for insomnia. Most
prior analyses have described psychotropic prescribing more
generally, rather than focusing on medications commonly
used for insomnia,*® and reflect prescribing patterns from
more than a decade ago.®'> As a result, data on use of newer
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nonbenzodiazepine sedative hypnotics are sparse. Furthermore,
since the majority of patients suffering from sleep difficulties
never consult a physician,'® rates of prescription medication
use for insomnia derived from office-based studies utilizing
the National Ambulatory Medical Care Survey (NAMCS), may
underestimate the true rate of use in the community, where
patients may share prescription medications.'""” Additionally,
NAMCS does not capture data on visits at hospital based or
federally operated outpatient practices, where prescribing
patterns and patient characteristics may differ.?-*

To identify current prevalence, patterns, and predictors of
use of prescription medications commonly used for insomnia
(MCUFI) among U.S. adults, we used the National Health
and Nutrition Examination Survey (NHANES) 1999-2010.
In contrast to NAMCS, NHANES provides information on
patient-reported prescription medication use, with in-home
medication reconciliation and verification by prescription
medicine containers among community dwelling adults. We
additionally sought to define rates of sedating medication poly-
pharmacy by investigating concurrent use of other medications
with sedating properties.

METHODS

Study Population

The National Health and Nutrition Examination Survey
(NHANES) is an in-person survey of the civilian, noninstitu-
tionalized U.S. population, conducted by the National Center
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for Health Statistics (NCHS). Households are selected for
face-to-face interviews in English and/or Spanish using a
multistage probability sampling design. Low-income persons,
persons > 60 years of age, African Americans, and persons of
Mexican origin are oversampled. Demographic information is
collected on all household members, and at least one house-
hold member is selected for the sample person questionnaire,
which elicits information on medical conditions, health habits,
and prescription medication use. Since 1999, data have been
collected continuously and released at 2-year intervals.

Our study sample included adults > 20 years of age who
participated in NHANES 1999-2010 (n = 32,328), and
completed home interviews and self-administered question-
naires. Consent was obtained from participants by the NCHS
after approval by the NHANES Institutional Review Board/
NCHS Research Ethics Review Board. Our analyses were
approved for exemption by our institutional review board based
on 45 CFR 46.101(b) (4).

Assessment of Medication Use

During all surveyed years (1999-2010), sampled participants
were asked, “In the past 30 days, have you used or taken a medi-
cation for which a prescription is needed?” Those reporting
prescription medication use were then asked to show all of
their medication containers to the interviewer for recording. If
participants could not produce containers, interviewers asked
for verbal confirmation of medication name.

Outcomes of Interest

We defined our primary outcome as use of at least one
prescription medication commonly used for insomnia (MCUFT)
within the past month (yes/no). Our definition included medica-
tions that are more often prescribed for treatment of insomnia
than for other indications, and was consistent with prior epide-
miologic studies examining prescription medication use for
insomnia.>'* Prescription medications classified as MCUFIs
included nonbenzodiazepine benzodiazepine-receptor agonists
or “Z-meds” (eszopiclone, zaleplon, zolpidem); benzodi-
azepines (estazolam, flurazepam, quazepam, temazepam,
triazolam); barbiturates (amobarbital, amobarbital-secobar-
bital, chloral hydrate); doxepin; quetiapine; ramelteon; and
trazodone.

We also separately explored use of categories of MCUFIs
and individual MCUFIs (yes/no) within the past month, for
which sample sizes were sufficient, and trends in use over the
survey periods studied. Data on non-prescription medications
used for insomnia, as well as reasons for use of prescription
medications, were not available.

Additional Factors of Interest

Non-MCUFI Medications with Sedative Effects

We defined “other sedative medications” as prescrip-
tion medications that are likely to cause clinically important
sedating effects and are more often prescribed for non-sleep
related than sleep related indications. Hence, our definition
comprised a broad range of prescription medication categories,
including antihistamines, antipsychotics, non-MCUFTI barbitu-
rates, non-MCUFI benzodiazepines, muscle relaxants, opioids,
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antiepileptic drugs, sedating antidepressants (e.g., tricyclic anti-
depressants), and “sedatives-NOS” (see supplemental material
for comprehensive list). For combination medications, only one
medication had to satisfy these criteria.

Additional Covariates of Interest

Sociodemographic characteristics included age, sex, race/
ethnicity, marital status, educational attainment, and family
income. As a measure of respondents’ health habits, we consid-
ered smoking status (past, current, or never), physical activity,
and alcohol intake. Physical activity was based on NHANES’
categorization of physical activity levels during the last 30 days
and defined as vigorous if participants reported any “vigorous
activity for at least 10 minutes that caused heavy sweating or
large increases in breathing or heart rate,” moderate if partici-
pants reported “moderate activities for at least 10 minutes that
cause only light sweating or a slight to moderate increase in
breathing or heart rate,” or sedentary if neither vigorous nor
moderate activity was reported. Alcohol intake was classified as
abstain/rare (< 12 drinks/year), light (< 1 drink/week), moderate
(1-7 drinks/week for women, 1-14 drinks/week for men), and
heavy (> 7 drinks/week for women and > 14 drinks/week for
men) adapted from definitions used by the National Institute on
Alcohol Abuse and Alcoholism. We defined health care access
and network using several proxies including insurance status
(Private, Medicare, Medicaid or other government insurance,
none/unknown), usual source of care (clinic or health center,
doctor’s office/health maintenance organization, emergency
department, other place NOS, no usual place/unknown), and
number of visits to health care providers in the past year (0-1,
2-3, 4-9, > 9) categorized to achieve sufficient sample sizes in
each group. We also used self-reported health status (excellent/
very good, good, and fair/poor), body mass index (BMI, kg/m?),
chronic medical conditions (history of arthritis, cancer, cardio-
vascular disease, diabetes, liver disease, lung disease), and seen
by a mental health professional within past year (yes/no), as a
proxy for respondents’ medical and psychiatric illness burden.

Statistical Methods

Analyses were performed using SAS (v. 9.2, Cary, NC),
SUDAAN (v. 11.0.0, Research Park Triangle, NC), and STATA
(v. 12.1, College Station, TX). Estimates were weighted to
account for the unequal probabilities of selection resulting
from the complex sample design, non-response, and planned
oversampling of selected populations. We used chi-square tests
to compare characteristics between MCUFI users and non-
users. We calculated the prevalence of use of MCUFIs overall,
categories of MCUFIs, and concurrent use of other sedative
medications.

To determine predictors of MCUFI use, we performed multi-
variate logistic regression. As there were significant missing
data for income (n = 2,403) and alcohol intake (n = 4,445)
among participants included in the main model (n =32,328), we
performed multiple imputation by chained equations.?® All anal-
yses were adjusted for the following list of potential confounders
that were specified a priori: age, sex, race/ethnicity, educational
level, imputed family income, marital status, insurance status,
smoking status, imputed alcohol intake, physical activity level,
self-reported health status, chronic medical conditions, having
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No MCUFI Prevalence Chi-

MCUFI Use Use of MCUFI  square

(n=906) (n=231,422) Use(%) Pvalue

Age (years) <0.0001
20-29 42 (6.6) 5,749 (19.3) 1.03
30-39 94 (12.7) 5,366 (19.8) 1.92
40-49 164 (24.4) 5,198 (21.1) 343
50-59 170(23.9) 4,222 (17.0) 412
60-69 173 (14.6) 4,790 (11.1) 3.86
70-79 134 (10.4) 3,527 (7.6) 4,03
>80 129 (7.5) 2,570 (4.1) 5.26

Sex <0.0001
Male 337 (36.9) 15,130 (48.3) 2.28
Female 569 (63.1) 16,292 (51.7) 3.61

Education 0.792
Less than High School 273 (19.3) 9,778 (20.0) 2.88
High School 225(26.3) 7,471(25.2) 3.10
Some College 408 (54.3) 14,173 (54.9) 2.94

Race/Ethnicity <0.0001
Non-Hispanic White 583 (80.69) 15,362 (70.11)  3.41
Non-Hispanic Black 136 (7.83) 6,227 (11.25) 2.09
Mexican American 79(2.33) 6,447 (7.99) 0.89
Other 108 (9.15) 3,386 (10.66)  2.56

Marital Status <0.0001
Married or Cohabiting 475 (57.9) 19,284 (64.8) 2.66
Previously Married* 327(30.2) 7,039 (18.1) 4.86
Never Married 104 (11.9) 5,099 (17.1) 2.09

Income <0.0001
<$20,000 337(27.2)  8,774(20.5) 1.35
$20,000-544,999 239(234) 9,315(27.2) 3.91
$45,000-574,999 139 (20.4) 5478 (20.7) 257
> §75,000 149 (26.1) 5494 (25.1) 2.92
Missing 42(2.9) 2,361 (6.5) 3.09

Smoking Status <0.001

Current 241(26.8) 6,799 (23.5) 3.38
Former 299 (31.0) 8,032 (24.5) 372
Never 366 (42.2) 16,591 (52.0) 243

Table 1—Characteristics of adults by use of prescription medication commonly used for insomnia (MCUFI), past month (n = 32,328, N = 207,085,151)

n = sample size; N = population estimate. All results reported as n (%, weighted population); P values for chi-square analyses denote comparison of overall
category distributions by MCUF| status. *Previously married = widowed, divorced, or separated. **Vigorous = at least 10 minutes that caused heavy sweating
or large increases in breathing or heart rate; moderate = at least 10 minutes that cause only light sweating or a slight to moderate increase in breathing or
heart rate; sedentary = if neither vigorous nor moderate activity was reported in past 30 days. fAlcohol intake = Abstain/rare (< 12 drinks/year), light (< 1 drink/
week), moderate (1-7 drinks/week for women, 1-14 drinks/week for men), and heavy (> 7 drinks/week for women and > 14 drinks/week for men).

No MCUFI Prevalence  Chi-
MCUFI Use Use of MCUFI  square
(n=906) (n=31,422) Use(%) Pvalue
Physical Activity* <0.001
Sedentary 547 (52.3) 15,870 (43.2) 3.58
Moderate 216 (26.9) 7,978 (27.4) 2.92
Vigorous 143(20.8) 7,574 (29.5) 2.12
Alcohol Intaket <0.01
Abstain 407 (38.7) 11,417 (31.1) 3.67
Light 167 (20.1) 6,726 (23.0) 2.61
Moderate 173 (21.7)  7,543(26.1) 2.48
Heavy 37(5.1) 1,411 (5.1) 2.57
Missing 122 (14.4) 4,326 (14.7) 3.06
Self-Reported Health Status <0.0001
Excellent 227 (30.0) 13,430 (51.0) 1.77
Good 262 (31.9) 10,562 (32.2) 2.95
Fair/Poor 417 (38.1) 7,430 (16.9) 6.47
Seen Mental Health Provider <0.0001
Yes 318(36.9) 1,927 (6.9) 14.09
No 588 (63.1) 29,495 (93.1) 2.03
Used Other Sedative Medications <0.0001
Yes 511(55.7)  4,012(12.7) 11.88
No 395 (44.3) 27,410 (87.3) 1.53
Insurance Status <0.0001
Private 446 (60.3) 17,272 (65.1) 2.76
Medicare 241(18.2) 4,166 (8.0) 6.49
Medicaid/Other 153 (14.2) 2,762 (7.0) 5.89
Government
None/Unknown 66 (7.3) 7,222 (20.0) 1.11
Medical Conditions
Arthritis 490 (48.9) 8,116 (22.8) 6.17 <0.0001
Cancer 138 (14.5) 2,848 (8.4) 5.00 <0.0001
Cardiovascular Disease 235 (19.1) 3,574 (8.3) 6.57 <0.0001
Diabetes 178 (13.1) 3,336 (7.5) 511 <0.0001
Liver Disease 34 (3.6) 469 (1.4) 7.39 <0.05
Lung Disease 234 (22.4)  3,451(10.1) 6.36 <0.0001

seen a mental health professional in past year, and use of other
prescription sedative medication. To examine the robustness
of our results, in sensitivity analyses, we further adjusted for
additional measures of health-care access (number of visits to
health-care provider in the last year and usual source of care).

Subpopulation Analyses

Since BMI is associated with sleep disorders, we repeated
our models adding in BMI among the subpopulation of adults
also participating in the physical examination component of the
NHANES (n = 29,082). Lastly, among the subsample partic-
ipating in NHANES 2005-2008 (n = 10,878) who were also
queried specifically about use of pills or medications “to help
with sleep,” we quantified prevalence of use of sleep aids (yes/
no) and explored concurrent use of MCUFTIs and sleep aids. Of
note, specific types of medications used to help with sleep were
not elicited. Among the NHANES 2005-2008 subsample, we

explored concurrent use of MCUFIs and self-reported use of
medications for sleep.

RESULTS

Sample Characteristics

Overall, 906 sampled participants, representing an estimated
3% of the U.S. population or over 6 million adults, reported
using a prescription medication commonly used for insomnia
(MCUFI) within the preceding month. Table 1 presents the
descriptive characteristics of adults by MCUFI status and
unadjusted, stratified prevalence of MCUFI use. Compared
with adults reporting no use, MCUFI users tended to be older,
female, previously married, of non-Hispanic white ethnicity,
have a family income of < $20,000/year, and have Medicaid
or Medicare insurance. They also tended to have poorer health
habits (i.e., current or former smoker; low physical activity
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W Any MCUFI**
Z-meds**
M Trazodone

Population Prevalence (Weighted %)

1999-2000 2001-2002

Z-meds: eszopiclone, zaleplon, zolpidem.

2003-2004

Figure 1—Prescription medication commonly used for insomnia (MCUFI), past month: 1999-2010. *Unreliable estimate (n < 30). **P value for trend < 0.001.

2005-2006 2007-2008 2009-2010

Table 2—Prevalence of use of prescription medication commonly used
for insomnia (MCUFI), past month

Number of % Population
Persons (Estimate)
Overall MCUFI Use 906 297
Z-Meds* 346 1.23
Trazodone 282 0.97
Benzodiazepines 154 0.40
Quetapine 103 0.32
Doxepin 45 0.12

*Z-Meds: eszopiclone, zaleplon, zolpidem.

levels), reported worse health status, had higher rates of use
of other sedative medications in the preceding month, and
reported seeing a mental health professional within past year.
Unadjusted prevalence of MCUFI use was highest among those
with fair/poor health status (6.5%), seeing a mental health
provider (14.1%), using other sedative medications (11.9%),
having Medicare or Medicaid/governmental insurance (5.9-
6.5%), having chronic medical conditions (5.0-7.8% for condi-
tions of interest), and also among older adults (4.0-5.3%).

Use of Medications Commonly Used for Insomnia

Table 2 lists prevalence of MCUFI use; Z-meds were the most
commonly used category, followed by trazodone—each with a
prevalence of use of about 1% nationally. Zolpidem accounted
for 87.5% of Z-med use. Use of doxepin was uncommon.
Overall MCUFI use increased significantly over the years
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studied, from 2.0% in 1999-2000 to 3.5% in 2009-2010 (P
value for trend < 0.001, Figure 1). Use of Z-meds also increased
significantly, from 0.5% in 1999-2000 to 1.8% in 2009-2010
(P value for trend < 0.001), while use of trazodone did not
change (P value for trend = 0.78) during the same time period.
Among adults using MCUFIs, we found that over 55% also
reported using other prescription sedative medications during
the preceding month. Opioids (24.6%) and non MCUFI benzo-
diazepines (19.5%) were the most commonly reported sedative
medications used concurrently with MCUFIs. Additionally, we
found that over 10% of MCUFTI users reported taking 3 or more
other sedative medications within the past month.

In our subsample analyses, using data from only NHANES
2005-2008 (n = 10,878) in which participants were queried
specifically about use of sleep aids, we found that 19.2% of
adults reported using at least one pill or medication to help them
sleep during the past month. Among these 19.2% of partici-
pants, 19.6% used a MCUFI only and 41.9% reported use of
a MCUFTI and/or another sedative medication. Thus 58.1% of
participants taking a pill or medication specifically for sleep
within the preceding month did not report use of a MCUFI or
other prescription medication with sedative effects during this
same time period.

Correlates of Use of Medications Commonly Used for Insomnia
Factors found to be significantly associated with MCUFI
use in our primary model (Table 3) included increasing age,
female sex, higher income, having Medicaid/or other govern-
mental health insurance, worse self-reported health status,
having arthritis, seeing a mental health professional within the
past year, and taking other sedative prescription medication.

Use of Prescription Medications for Insomnia—Bertisch et al



Table 3—Factors associated with of use of prescription medication commonly used for insomnia (MCUFI), past month (n = 32,328)

Any MCUFI Usef

aOR [95% ClI]

Age (years)

20-29 -

30-39 1.44 [0.94, 2.20]

40-49 1.96 [1.32, 2.90]

50-59 2.09 [1.37, 3.18]

60-69 2.06 [1.34, 3.17]

70-79 2.15[1.44,3.22]

>80 2.55 [1.63, 4.01]
Sex

Female 1.32 [1.08, 1.61]
Education

Less than High School -

High School 1.15 [0.89, 1.48]

Some College 1.17 [0.93, 1.47]
Race/Ethnicity

Non-Hispanic White
Non-Hispanic Black

0.64 [0.50, 0.81]

Mexican American 0.49 [0.37, 0.65]

Other 0.90 [0.66, 1.23]
Marital Status

Married or Cohabiting -

Previously Married 1.19 [0.96, 1.46]

Never Married 1.07 [0.79, 1.46]
Imputed Family Income

<$20,000 -

$20,000-$44,999 0.93 [0.74,1.17]

$45,000-$74,999 1.26 [0.97, 1.62]

= $75,000 1.46 [1.07, 1.98]
Smoking Status

Never -

Former 1.11 [0.87, 1.41]

Current 1.09 [0.84, 1.40]

ratio; Cl, confidence interval.

Bold denotes significant findings. Adjusted for all variables included in this table. *Alcohol intake = Abstain/rare (< 12 drinks/year), light (< 1 drink/week),
moderate (1-7 drinks/week for women, 1-14 drinks/week for men), and heavy (> 7 drinks/week for women and > 14 drinks/week for men). **Vigorous = at
least 10 minutes that caused heavy sweating or large increases in breathing or heart rate; moderate = at least 10 minutes that cause only light sweating or a
slight to moderate increase in breathing or heart rate; sedentary = if neither vigorous nor moderate activity was reported in past 30 days. aOR, adjusted odds

Any MCUFI Usef

aOR [95% CI]

Imputed Alcohol Intake*

Abstain/Rare -

Light 0.93 [0.73, 1.19]

Moderate 1.08 [0.84, 1.41]

Heavy 1.09 [0.77, 1.55]
Physical Activity Level™

Sedentary -

Moderate 0.97 [0.80, 1.17]

Vigorous 1.01[0.77,1.33]
Self-Reported Health Status

Excellent/Very Good -

Good 1.32 [1.05, 1.66]

Fair/Poor 1.80 [1.41, 2.30]
Seen Mental Health Provider (past year)

Yes 4.68 [3.79, 5.77]
Used Other Sedative Medication (past month)

Yes 4.18 [3.36, 5.19]
Insurance Status

Private -

Medicare 1.23 [0.98, 1.54]

Medicaid/Other Government 1.44 [1.10, 1.88]

None/Unknown 0.59 [0.40, 0.86]
Medical Conditions

Arthritis 1.46 [1.20, 1.79]

Cancer 0.98 [0.77,1.23]

Cardiovascular Disease 1.09 [0.82, 1.46]

Diabetes 1.02 [0.79, 1.30]
Liver Disease 1.18 [0.73,1.92]
Lung Disease 1.22 [0.97, 1.53]

Factors significantly associated with a lower likelihood of
MCUFI use included Non-Hispanic black or Mexican Amer-
ican race/ethnicity and having none/unknown insurance status.
Further adjustment for health care access did not substantially
alter these findings. In secondary analyses, body mass index
was not significantly associated with MCUFI use, and did not
substantively alter the relationship between MCUFI use and
other factors of interest.

DISCUSSION

In this large, nationally representative study, we found
increasing prevalence of MCUFI use over time, from 2.0% in
1999-2000 to 3.5% in 2009-2010. A majority of MCUFTI users
reported concurrent use of other prescription medications with
sedative properties. Having seen a mental health professional
in the past year and use of other sedating medications were
the strongest independent predictors of MCUFI use. Among

sociodemographic factors, increasing age, female sex, and
higher income were associated with higher likelihood of use,
while those of Non-Hispanic black and Mexican American
race/ethnicity had lower use. Even with increasing rates of use
of MCUFTIs, between 2005-2008 the vast majority of adults
using sleep aids did not report using MCUFTIs.

Consistent with prior studies estimating overall sleep medi-
cation use on a national level, we found that prescription medi-
cation use has continued to increase over time. Using data from
NAMCS, Moloney et al. reported that prescriptions for medi-
cations indicated for insomnia increased per office visit from
1993 to 2007. Specifically, they found a 50% increase in benzo-
diazepine prescriptions—from 2.5 million in 1993 to 3.7 million
in 2007—and a 30-fold increase in non-benzodiazepine seda-
tive hypnotic prescriptions (i.e., Z-meds and ramelteon),
reaching 16.2 million prescriptions in 2007.> We found a
similar, though much less robust, 3- to 4-fold increase in use
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of Z-meds within the preceding month from 1999-2010. This
discrepancy is likely due to the approval of zolpidem in 1992,
with its use being more common by the start of our study period
(1999-2000). Together these data demonstrate a significant
increase in prescriptions for and use of medications indicated
for insomnia over the past decade, with much of this rise attrib-
utable to Z-meds rather than “older medications” prescribed
for sleep (e.g., trazodone). Though current data support use of
Z-meds for treatment of insomnia and suggest adverse events
from Z-meds may be less frequent than benzodiazepines,’® given
the lack of long-term studies assessing efficacy,? fall-risks,
cognitive impairment,® and other well-described side effects
(e.g., complex sleep related behaviors),?*?’ further research into
adverse effects in relation to prescribing patterns of these medi-
cations is warranted.’

In addition to research on overall prevalence of MCUFI
use, Balkrinshnan et al. investigated predictors of pharma-
cotherapy for insomnia using NAMCS data from 1996 to
2001."° Consistent with our results, they found that older adults
(65 years or older), women, white race, and individuals with
public, as compared to private insurance, had higher likeli-
hood of receiving pharmacotherapy for insomnia. Similarly,
Paulose-Ram et al. studied use of prescription psychotropic
medication in NHANES from 1988 to 1994, also identifying
female sex, white race, and older age as independent predic-
tors of psychotropic medication use.” Use of these medications
in older adults is of particular concern as they have a nearly
five times increased odds of experiencing cognitive side effects
compared with placebo,” with Z-meds having similar rates of
psychomotor-type adverse events (reports of dizziness, loss of
balance, or falls) and cognitive adverse events (memory loss,
confusion, disorientation), compared with benzodiazepines in
adults over 60 years of age.”®

Our finding that 58.1% of participants who reported taking
any pill or medication to aid with sleep within the preceding
month did not report concurrent use of a MCUFI or other
prescription medication with sedative effects, suggests that
use of over-the-counter sleep aids (e.g., diphenhydramine) is
highly prevalent and vastly underestimated in studies that rely
on prescription data. Therefore our study also undoubtedly
underestimates the prevalence of sedating medication poly-
pharmacy. These findings highlight the importance that physi-
cians prescribing medications with sedating properties should
inquire and counsel about concurrent use of both prescription
and over-the-counter medications with sedative properties.

Limitations

A major limitation of our study is that NHANES data
collected on indications for prescription medication are not
publicly available, and hence not all MCUFI prescriptions
may have been for treatment of insomnia, likely leading to
some misclassification bias. Additionally, we did not include
all medications potentially used for insomnia in our definition
of MCUFI, as we chose to focus on medications that are more
often prescribed for treatment of insomnia than for other indi-
cations to assure specificity of our outcome definition. Thus,
the rate of medication use for insomnia is likely higher than
the estimate derived in our study owing to our necessarily
conservative exposure definition. Although self-reported use of

prescription medications is verified with prescription bottles,
20% of prescription medications in NHANES are not confirmed
with a dispensed container, which could have led to further
misclassification bias. However, 93% of respondents classified
as MCUFT users did report use of a medication for sleep diffi-
culties, suggesting high specificity of our outcome definition.
Additionally, information was collected on prescription medi-
cation use only within the preceding month, limiting our ability
to distinguish the characteristics of short-term MCUFI users
to those using MCUFIs longer-term, which may be of clinical
importance.

CONCLUSION

In the United States, use of MCUFIs within the preceding
month, most notably Z-meds, was common and increased from
2.0% in 1999-2010 to 3.5% in 2009-2010, with likely higher
rates of use when accounting for use of other prescription medi-
cations for insomnia (i.e., non-MCUFTIs). High rates of MCUFI
use were reported among older individuals and those seeing a
mental health provider. Among adults using MCUFTs, there is a
high rate of concurrent use of other sedative medications.
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SUPPLEMENTAL MATERIAL

Other Sedative Medications: Prescription medications likely to cause clinically important sedating effects that are more often prescribed for

non-sleep related indications.

A

acetaminophen/butalbital

acetaminophen/butalbital/caffeine

acetaminophen/butalbital/caffeine/codeine

acetaminophen/caffeine/chlorpheniramine maleate/
hydrocodone/phenylephrine

acetaminophen/caffeine/dihydrocodeine

acetaminophen/chlorpheniramine/phenylephrine/
phenyltoloxamine

acetaminophen/codeine

acetaminophen/dichloralphenazone/isometheptene

acetaminophen/hydrocodone

acetaminophen/oxycodone

acetaminophen/pentazocine

acetaminophen/phenyltoloxamine

acetaminophen/propoxyphene

acetaminophen/tramadol

acetylcarbromal

acrivastine/pseudoephedrine

alprazolam

aminophylline/amobarbital/ephedrine

aminophylline/ephedrine/phenobarbital/potassium iodide

aminophylline/ephedrine/guaifenesin/phenobarbital

amitriptyline/chlordiazepoxide

anhydrous calcium iodide/codeine

aripiprazole

aspirin/butalbital

aspirin/butalbital/caffeine

aspirin/butalbital/caffeine/codeine

aspirin/caffeine/orphenadrine

aspirin/carisoprodol

aspirin/hydrocodone

aspirin/methocarbamol

aspirin/oxycodone

atropine/hyoscyamine/phenobarbital/scopolamine

atropine/phenobarbital

B

baclofen

belladonna

belladonna/butabarbital

belladonna/caffeine/ergotamine/pentobarbital

belladonna/ergotamine/phenobarbital

belladonna/opium

betamethasone/indomethasone/methocarbamol

biperiden

bromazepam

brompheniramine

brompheniramine/carbetapentane/phenylephrine

brompheniramine/codeine/phenylpropanolamine

brompheniramine/dextromethorphan/guaifenesin/phenylephrine

brompheniramine/dextromethorphan/guaifenesin/
pseudoephedrine
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brompheniramine/dextromethorphan/phenylephrine
brompheniramine/dextromethorphan/phenylpropanolamine
brompheniramine/dextromethorphan/pseudoephedrine
brompheniramine/diphenhydramine/phenylephrine
brompheniramine/hydrocodone/phenylephrine
brompheniramine/hydrocodone/pseudoephedrine
brompheniramine/phenylephrine
brompheniramine/phenylpropanolamine
brompheniramine/pseudoephedrine
buprenorphine/naloxone

buspirone

butabarbital
butabarbital/hyoscyamine/phenazopyridine

butalbital

c

cannabis

carbamazepine

carbetapentane/chlorpheniramine

carbetapentane/chlorpheniramine maleate/ephedrine/
phenylephrine

carbetapentane/chlorpheniramine/phenylephrine

carbetapentane/phenylephrine/pyrilamine

carbinoxamine

carbinoxamine/dextromethorphan/pseudoephedrine

carbinoxamine/hydrocodone/pseudoephedrine

carbinoxamine/pseudoephedrine

carisoprodol

chlordiazepoxide

chlordiazepoxide-clidinium

chlordiazepoxide-methscopolamine

chlormezanone

chlorphenesin

chlorpheniramine

chlorpheniramine/codeine/pseudoephedrine

chlorpheniramine/dextromethorphan/guaifenesin/
phenylephrine

chlorpheniramine/dextromethorphan/phenylephrine

chlorpheniramine/dextromethorphan/pseudoephedrine

chlorpheniramine/dihydrocodeine/phenylephrine

chlorpheniramine/hydrocodone

chlorpheniramine/hydrocodone/phenylephrine

chlorpheniramine/hydrocodone/pseudoephedrine

chlorpheniramine/methscopolamine/phenylephrine

chlorpheniramine/methscopolamine/pseudoephedrine

chlorpheniramine/phenylephrine

chlorpheniramine/phenylephrine/phenylpropanolamine/
phenyltoloxamine

chlorpheniramine/phenylephrine/phenyltoloxamine

chlorpheniramine/phenylephrine/pyrilamine

chlorpheniramine/pseudoephedrine

chlorpromazine

chlorzoxazone
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clemastine

clidinium

clonazepam

clorazepate

clozapine

codeine

codeine/guaifenesin
codeine/guaifenesin/pseudoephedrine
codeine/phenylephrine/promethazine
codeine/promethazine

cyclizine

cyclobenzaprine

cyproheptadine

D

dantrolene
dexbrompheniramine/hydrocodone/phenylephrine
dexbrompheniramine/pseudoephedrine
dexchlorpheniramine
dexchlorpheniramine/dextromethorphan/phenylephrine

dexchlorpheniramine/dextromethorphan/pseudoephedrine

dextromethorphan/diphenhydramine/phenylephrine
dextromethorphan/promethazine

diazepam

dichloralphenazone
dihydrocodeine/guaifenesin/pseudoephedrine
dimenhydrinate

diphenhydramine
diphenhydramine/hydrocodone/phenylephrine
diphenhydramine/phenylephrine
diphenhydramine/pseudoephedrine

divalproex sodium

doxacurium

dronabinol

droperidol
dyphylline/ephedrine/guaifenesin/phenobarbital

E

ephedrine/phenobarbital/potassium iodide/theophylline
ephedrine/hydroxyzine/theophylline
ephedrine/phenobarbital/theophylline

ethosuximide

F
fentanyl
fluoxetine/olanzapine
fluphenazine

G
gabapentin
guaifenesin/hydrocodone

guaifenesin/hydrocodone/pheniram/phenylpropanolamine/

pyrilamin
guaifenesin/hydrocodone/pheniramine/phenylephrine/

phenylpropanolamine
guaifenesin/hydrocodone/phenylephrine
guaifenesin/hydrocodone/pseudoephedrine
guaifenesin/phenylephrine/pyrilamine
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H

haloperidol

homatropine/hydrocodone

hydrocodone

hydrocodone/ibuprofen

hydrocodone/pheniramine/phenylephrine/
phenylpropanolamine/pyrilamine

hydrocodone/phenylephrine

hydrocodone/phenylephrine/pyrilamine

hydrocodone/phenylephrine/pyrilamine

hydrocodone/phenylpropanolamine

hydrocodone/potassium guaiacolsulfonate

hydrocodone/pseudoephedrine

hydrocodone/pseudoephedrine/triprolidine

hydromorphone

hydroxyzine

hyoscyamine/phenobarbital

L

lamotrigine
levetiracetam
lithium
lorazepam
loxapine

M

meclizine
meperidine
meperidine/promethazine
mephobarbital
mesoridazine
metaxalone
methadone
methdilazine
methocarbamol
methotrimeprazine
methsuximide
metoclopramide
mivacurium
morphine

N

nabilone

(0]

olanzapine
opium
orphenadrine
oxazepam
oxcarbazepine
oxycodone
oxymorphone

P
pancuronium
pentazocine
perphenazine
phenindamine
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pheniramine

pheniramine/phenylephrine nasal

pheniramine/phenylpropanolamine/phenyltoloxamine/
pyrilamine

pheniramine/phenylpropanolamine/pyrilamine

pheniramine/phenyltoloxamine/pseudoephedrine/pyrilamine

pheniramine/phenyltoloxamine/pyrilamine

phenobarbital

phenylephrine/promethazine

phenylephrine/pyrilamine

phenyltoloxamine

phenytoin

pramipexole

pregabalin

prochlorperazine

prochlorperazine

promazine

promethazine

propiomazine

propoxyphene

pyrilamine

R
risperidone
ropinirole
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S
scopolamine
succinylcholine

T
tapentadol
thiethylperazine
thioridazine
tiagabine
tizanidine
topiramate
tramadol
trifluoperazine
triflupromazine
trimeprazine
trimethobenzamide
tripelennamine
triprolidine
tubocurarine

v
valproic acid

Z
ziprasidone
zonisamide
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