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Abstract

Objective: Previous research has not investigated the role of prescription medication in sleep-
obesity associations despite the fact that 56% of U.S. adults take at least one prescription
medication.

Methods: Data from n = 16,622 adults in the National Health and Nutrition Examination Survey
(2007-2012) were used to examine how the association between obesity and self-reported sleep
duration varied by total number of prescription medications used in the past 30 days and by select
classes of prescription medications including anxiolytics/sedatives/hypnotics, antidepressants,
sleep aids, anticonvulsants, thyroid agents, and metabolic agents.

Results: Logistic regression analyses showed a significant inverse linear association of sleep
duration and obesity, regardless of the total number of prescription medications individuals were
taking. Each additional hour of sleep was associated with a 10% decrease in the odds of obesity.
Results suggest that increased sleep duration is associated with lower odds of having obesity
overall, even for long-duration sleepers (=9 h), and this association does not differ for those taking
antidepressants, thyroid agents, metabolic agents, and multiple prescription medications.

Conclusions: The relationship between sleep duration and obesity was similar among all
prescription medication users and nonusers. The potential for a nonlinear association between
sleep duration and obesity may be important to examine in some specific prescription medication
classes.

Introduction

Cross-sectional, longitudinal, and experimental research support a relation between short
sleep duration and adult obesity (1,2). Experimental research restricting sleep duration has
shown causal effects on weight gain, and improving sleep habits represents a potential
intervention target for obesity treatment and prevention (2). Evidence supports potential
mechanisms for a causal effect of short sleep on obesity including changes to hormones that
control metabolism, hunger, and satiety (2). Although there is variation, short sleep duration
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is conservatively defined as sleeping less than 6 h per night (2). Less is known about long
sleep duration (defined as sleeping 9 h or more per night). Some studies, however, suggest
long sleep duration may also be associated with obesity (1) or that higher obesity prevalence
in long-duration sleepers is secondary to other psychological and medical disorders that are
associated with obesity (2). Contrary to short sleep duration and obesity, mechanisms to
explain associations between long sleep duration and health status are lacking (3).

Data from the National Health and Nutrition Examination Survey (NHANES) from 2005 to
2008 indicated that in the past month over 56% of U.S. adults used at least one prescription
drug, and over 61% of adults with obesity used at least one prescription drug (4).
Approximately 14% of all adults and 20% of adults with obesity (4) reported using five or
more prescription medications. In addition, previous research has shown that prescription
sleep aid use is higher among adults who report either a short or long sleep duration (5).

Few studies have investigated the role of prescription medication use in the context of sleep
duration and obesity. While some studies of sleep duration and obesity have included
covariates for prescription medication use (6), many have not included covariates or
excluded participants taking certain medications, which limits research generalizability (7-
9). Many classes of prescription medications, however, may be relevant to understanding the
observed associations between sleep duration and obesity. For example, some commonly
used prescription medications, including psychoactive and thyroid medications, may have
side effects that include changes in sleep, may be used to treat conditions that include
changes in sleep, or are associated with patients presenting with complaints of fatigue
(10,11). Epilepsy and medications for epilepsy have known interactions with sleep (12).
Metabolic agents (e.g., antidiabetes, antihyperlipidemic, antiobesity agents) may be
important to examine to determine whether sleep-obesity associations differ among
individuals who are likely to already have obesity and other comorbid chronic health
conditions. Furthermore, drug interactions, off-label medication use, and individual
differences in responses to medication may complicate research efforts to screen out
individuals for whom medication use is likely to influence sleep-obesity associations
(13,14).

Limitations of previous studies support the need for more research to clarify what role
prescription medication use may play in the association between sleep duration and obesity,
particularly with long-duration sleepers about whom less is known. The aims of the current
study, therefore, were to: 1) examine whether the association between sleep duration and
obesity is moderated by total number of prescription medications, and 2) examine whether
the association between sleep duration and obesity is moderated by different classes of
prescription medications.

Data from the 2007 to 2012 cycles of NHANES were used in the current analysis. NHANES
uses a complex sampling design to produce a nationally representative sample of the U.S.
civilian noninstitutionalized population. Three 2-year data cycles were needed to obtain a
large enough sample size of long-duration sleepers (9 or more hours). During 2007 to 2012,
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NHANES over-sampled some racial/ethnic minorities (Hispanic and non-Hispanic black),
non- Hispanic white persons 80 years and older, and non-Hispanic white persons with low
income. Beginning in 2011 to 2012, non-Hispanic Asian persons were also over-sampled.
NHANES includes an inperson home interview during which demographic, socioeconomic,
and health-related questions are assessed, including interviewer verified prescription
medication data. Examination data, including medical, physiological, laboratory, and
anthropometric measures, are collected during a separate visit to a Mobile Examination
Center. The National Center for Health Statistics Research Ethics Review Board approved
the protocol, and informed consent was obtained from all adult participants. The overall
examination response rate for the 2007 to 2012 cycles ranged from 69.5% to 77.3%.
Additional NHANES design and protocol details are available elsewhere (15).

Self-reported sleep duration

Sleep duration was assessed with a single question, “How much sleep do you usually get at
night on weekdays or workdays?” Participants reported the number of hours in integers (i.e.,
7 h or 8 h was allowed but nothing between 7 h and 8 h).

Medication use

Prescription medication use was collected in a personal interview in the home before
physical examination. Participants were asked whether they have taken any medications in
the past 30 days for which a prescription was needed. Those who answered “yes” were
asked to provide the medication containers for all the products used. The product name was
entered into the Computer-Assisted Personal Interviewing system. If no container was
available, participants were asked to verbally report the name of the medication.
Approximately 81% of all prescription medications reported in 2007 to 2012 were recorded
based on interviewers viewing the container. In addition, approximately 92% of all
prescription medications were automatically matched to the Lexicon Plus (Cerner Multum,
Inc.) data collection drug database in Computer-Assisted Personal Interviewing, and the
remaining medications were edited after data collection. The Lexicon Plus database is a
comprehensive database of U.S. drug market prescription medications that is updated
monthly (16). Nonmatch was most commonly due to incorrect spelling, insufficient detail, or
reporting of a nonprescription product that was not in the database. Additional data
processing and editing information can be found elsewhere (15). Total number of
prescription medications reported was used categorically (0 medications, 1-2 medications,
3-4 medications, 5-6 medications, and =7 medications). Binary variables were created to
indicate use of specific classes of drugs including: 1) antidepressants, 2) anxiolytics,
sedatives, and hypnotics (ASH), 3) sleep aids (following previous use [5] of specific sleep
aid medications), 4) anticonvulsants, 5) thyroid hormones, and 6) metabolic agents
(including antihyperlipidemic agents, antidiabetic agents, and peripherally acting antiobesity
agents). These drug classes were chosen for their associations with either sleep duration or
obesity (e.g., side effects, presenting complaints, comorbidities). Sleep aids were a
combination of some hypnotics and some antidepressants with a sedative function (5) and
thus overlapped with the ASH category but may have a higher representation of individuals
who present with sleep complaints rather than mood complaints. Antipsychotics, central
nervous system stimulants, and natural/alternative sleep aids (e.g., melatonin and
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antihistamine from over-the-counter drug data from dietary supplement files) were
considered but were not common enough to include.

Weight status

Covariates

Body mass index (BMI) was calculated as weight in kilograms divided by height in meters
squared rounded to one decimal place using height and weight measures collected with
standardized protocols in the Mobile Examination Center. Weight status was defined as
normal weight/underweight = BMI <25 kg/m?, overweight = 25 kg/m < BMI <30 kg/mZ,
and obesity = BMI = 30 kg/m?2.

Covariates used in adjusted models included age (in years), race/ethnicity, and sex. Race/
ethnicity was categorized as one of four categories: non-Hispanic white, non-Hispanic black,
Hispanic (regardless of their race), and other (including non-Hispanic individuals reporting
more than one race group and non-Hispanic individuals of other races). Those in the “other”
group were included in calculations of the total population but were not reported separately.

Statistical analysis

All analyses were conducted in R v. 3.2.1 (17) using the Survey package (18) to account for
the complex sampling design. Examination sample weights were used to account for over-
sampling, nonresponse, and noncoverage. Standard errors were estimated using Taylor series
linearization, and confidence intervals (CI) were calculated using the Korn and Graubard
(19) method which may be more accurate for estimates near 0 and 1 compared with Wald-
type methods.

Statistical significance was set at £ <0.05 using a two-tailed #statistic. For these analyses,
participants 20 years and older were considered eligible (7= 17,713). Successively,
participants who were pregnant (/7= 182) or missing sleep duration data (7= 33),
anthropometric data (/7= 867), or prescription data (n7=9) were excluded from all analyses.
Final unweighted sample sizes by weight status are shown in Table 1 (final 7= 16,622). The
unadjusted prevalence of obesity by self-reported sleep duration (grouped into five
categories: <5 h, 6 h, 7 h, 8 h, and <9 h) was examined across categories of total and specific
classes of prescription medications. For each medication class category, three mutually
exclusive groups of medication users were identified: (1) those taking zero prescription
medications, (2) those taking at least one medication in the specific drug class of interest,
and (3) those taking other medications outside the specific drug class of interest. Contrast
codes were used for each medication class variable to test for significant differences in those
taking zero medications compared with those taking the specific drug of interest. Separate
logistic regressions (for each drug class and one for total prescription medications) were
used to test the differences in the odds of obesity in those not taking any prescription
medications compared with those taking the drug classes of interest controlling for age, sex,
and race/ethnicity. Interaction terms created with sleep duration (measured continuously)
and the contrast coded medication use variables were used to test whether medication use
moderated the sleep duration-obesity association including all lower order terms. Quadratic
terms for sleep duration were considered and were not significant in any models. However,
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consistent with patterns seen in observed data, quadratic terms for sleep duration were
included in models for anxiolytics, ASH, and anticonvulsants only as this improved the fit of
the models to the observed data. It should be noted that odds ratios (OR) for obesity may
overestimate the relative risk because the prevalence of obesity is relatively high (20).
Predicted probabilities of obesity were calculated from the adjusted models using
marginalized standardization. Sensitivity analyses were run that compared two categories of
prescription medication class users: 1) those taking the specific medication of interest and 2)
everyone else (i.e., those taking zero medications or taking medications outside the class of
interest were combined). Results were similar and are therefore not presented. Stratified
analyses including only those taking the specific medication of interest were considered, but
some smaller sample sizes limited power (77 ranged from 653 to 3,977 across medication
categories).

Descriptive prevalence data across prescription medication classes are shown in Table 2.
Approximately 49%, 43%, and 35% of individuals with underweight/normal weight,
overweight, and obesity reported taking no prescription medication, respectively, and
approximately 3%, 6%, and 12% took seven or more prescription medications, respectively
(Table 2). The unadjusted prevalence of obesity across self-reported sleep duration by the
number of total prescription medications and by specific prescription medication class is
shown in Figures 1 and 2, respectively.

When adjusting for covariates, logistic regression results with total prescription medication
use showed there were significant main effects of sleep duration and medication use on odds
of obesity such that sleep duration was inversely related to odds of obesity and medication
use was positively related to odds of obesity (Table 3). There was no significant interaction
between sleep duration and total medication use such that sleep duration and obesity were
significantly inversely associated regardless of the total number of prescription medications
used (Table 3). Predicted probabilities of obesity for individuals taking zero medications
decreased from 35% to 22% as sleep duration increased from 4 h to 10 h (Supporting
Information Table 1). Predicted probabilities of obesity for individuals taking >7
medications decreased from 68% to 53% with sleep duration increasing from 4 hto 10 h
(Supporting Information Table 1). Analyses with total prescription medications stratified by
sex or race/Hispanic origin were similar to the main analyses (see Supporting Information
Table 2).

Adjusted results with specific medication classes showed that there was no significant
interaction between sleep duration and medication use for antidepressant, thyroid hormone,
and metabolic agent medication use. Main effects, estimated with the interaction terms
removed, showed that each additional hour of self-reported sleep was significantly
associated with approximately 8% to 9% decrease in the odds of obesity for antidepressant,
thyroid hormone, and metabolic agent medications (Table 3). For antidepressant, thyroid
hormone, and metabolic agent medications the difference in predicted probability percentage
points for those reporting 4 h of sleep compared with those reporting 10 h of sleep was 14%
(42%—-28%) for all three medication classes (Supporting Information Table 1). Interaction
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terms, indicating the slope of the relationship between sleep duration and odds of obesity
differed depending on medication use, approached significance for ASH (P =0.067), sleep
aids (P=0.061), and anticonvulsants (= 0.071; Table 3). For ASH, sleep aids, and
anticonvulsant medications the difference in predicted probability percentage points for
those reporting 4 h of sleep compared with those reporting 10 h of sleep was 1% (39%
—-38%), 4% (42%—-46%), and 1% (50%—49%), respectively (Supporting Information Table
1). Graphs of predicted probabilities for those taking ASH, sleep aids, and anticonvulsant
medications versus zero medications by sleep duration are shown in Supporting Information
Figure 1.

Discussion

The aims of this study were to examine the associations of sleep duration and obesity by
prescription medication use, both in terms of number and different classes of prescription
medications. There were three main findings.

First, results showed that longer sleep duration was associated with lower odds of obesity in
U.S. adults, regardless of total prescription medication use. This is consistent with a
previous study examining NHANES (2005-2010) sleep and BMI data that controlled for
numerous self-reported chronic disease conditions and lifestyle behaviors (6). This study
extends previous findings through the examination of detailed prescription medication data
and includes the latest available sleep data. Our findings are in contrast to some studies that
have shown an increased risk of obesity in self-reported long-duration sleepers (21). A
recent review concluded that it is not yet known if long sleep duration is inherently
unhealthy or could be indicative of other health problems, including medical or
psychological issues (2). Some are beginning to speculate on potential mechanisms between
long sleep duration and health status (22) though others have noted there is a paucity of
research on long sleep duration mechanisms, which is in contrast to a large body of evidence
on short sleep duration mechanisms (3). Long sleep duration may indicate other risk factors
are present such as low socioeconomic status, depression (23,24), or low physical activity
(25), and long sleep duration may be better conceptualized as a diagnostic marker rather
than a cause of poor health (26). Results of this study are consistent with the interpretation
that long sleep duration may be an indicator of select secondary health problems but not
poorer health in general, as assessed by use of certain prescription medication classes but not
total prescription medication use. In addition, results add to the extant and robust literature
supporting an association between short sleep duration and obesity risk (2).

Second, individuals taking antidepressants showed the same significant inverse sleep-obesity
association compared with those taking no prescription medications. Some research has
found long sleep duration to be associated with poor health outcomes only in individuals that
had preexisting medical conditions but not in those who were healthy (27) and that self-
reported psychiatric problems, but not other chronic health problems, were at play (21). This
study complements past research by examining individuals who are receiving
pharmacological treatment for different health conditions and showed that among
individuals who were taking antidepressants sleep duration and obesity are significantly
inversely associated. Studies of individuals who self-report emotional distress or depressive
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symptoms (8,28), of which only a fraction are receiving psychological or pharmacological
treatment (29,30), have shown higher risk of poor health outcomes with long sleep duration.
Some longitudinal research has suggested that self-reported sleep duration measures aspects
of psychological distress and that associations of sleep duration with obesity may be
secondary effects associated with psychological distress (8). This study’s results are partially
consistent with this interpretation in that individuals being treated with antidepressants
exhibit the same relationship between sleep duration and obesity as individuals taking no
medications at all, who can be considered to be healthier than individuals taking prescription
medications. However, there was no evidence of a general curvilinear association (i.e., only
among users of ASH, sleep aids, and anticonvulsants), which indicates self-reported long
sleep duration may only be an indicator of psychological distress or secondary health
conditions in some subpopulations. Given that half of depressed individuals wait at least 6 to
8 years before seeking treatment (29), it is plausible that long sleep duration and obesity risk
associations mean different things when considering self-reported depression symptoms
compared with those engaged in treatment.

Lastly, results provided some support for ASH, sleep aids, and anticonvulsants modifying
the relationship between sleep duration and obesity, though statistical significance was not
achieved. Among those who use anxiolytic, sedative, and hypnotic and specific sleep aid
medications, there is a U-shaped pattern in the relation between obesity and increased sleep
duration. This is not surprising as anxiolytics, sedatives, and hypnotics directly target sleep
and arousal, and the conditions these medications are used to treat are also commonly
associated with sleep disturbance. The prevalence of using ASH, sleep aids, and
anticonvulsants was relatively low (3.1%-4.1% of underweight/normal weight individuals
and 4.1%-6.9% of individuals with obesity). However, the prevalence of some other types of
medications that did not modify the sleep duration-obesity relationship (e.g.,
antidepressants, metabolic agents) was sometimes relatively high (8.6% of normal weight to
28.2% of individuals with obesity). Thus, practices such as routinely excluding individuals
taking different classes of medications or estimating overall effects among different groups
of medication users are likely to impact the generalizability of sleep-obesity research.
Moderating versus main effects of certain classes of prescription medications and differing
prevalence rates may also contribute to bias in studies that are not designed primarily to look
at sleep duration-obesity associations and that may have had prescription medication
exclusion criteria that targeted different health issues.

Strengths and limitations of this study should also be considered. Strengths included the
nationally representative sample, the prescription medication data, and the examination of
long-duration sleepers. The prescription medication data in NHANES are based on home
interviews where medication containers physically located in the home are reviewed to
obtain accurate information and reflect actual patient use more closely than data on what
medications were prescribed, sold, or dispensed in the previous year. Previous research has
relied on selfreports (7), prescription sales and doctor’s office data (31), or retrospectively
linked drug dispensing records (32). Studies on long-duration sleepers are limited due to
small sample sizes or combining long- duration and average-duration sleepers (2).
Limitations include the use of a single self-reported sleep duration question, the use of past
month prescription medication use, which may not reflect medications taken intermittently
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or for other acute conditions, and the cross-sectional design. This study was limited in the
extent to which differences by sex and race/Hispanic origin could be investigated due to low
sample sizes, which precluded examining sleep-medication interactions or specific
medication classes in stratified analyses. While this study was focused on the effects of sleep
on obesity, there may also be bidirectional effects whereby weight gain compounds sleep
problems (33). In addition, the study cannot distinguish between associations with the
prescription medications themselves versus the underlying medical conditions they were
prescribed to treat.

This study sought to disentangle associations between sleep duration, obesity, and
prescription medication use. Results showed a significant inverse association between sleep
duration and risk of having obesity that was not modified by total prescription medication
use, antidepressant medication use, thyroid hormones, or metabolic agents. This suggests
that there is not an inherent increased risk of obesity associated with long sleep duration.
The potential for a nonlinear association between sleep duration and obesity may be
important to examine in individuals taking ASH, sleep aids, or anticonvulsants. Future
research is needed to better elucidate the relations among sleep duration and obesity and the
role of prescription medications.O
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Figure 2.
Unadjusted obesity prevalence by drug class and self-reported sleep duration in U.S. adults

aged 20 years and over, 2007 to 2012. Source: NHANES.
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TABLE 3

Logistic regression results of prescription medication use and selected prescription medication classes on
obesity

Lower Upper
OR 95%CIl 95% ClI

Total prescription medications

Intercept 0.34 0.30 0.37
Sleep duration 0.91 0.89 0.94
1-2 Medications 1.26 1.16 1.38
3-4 Medications 2.07 1.78 241
5-6 Medications 2.69 2.25 3.22
=7 Medications 4.14 3.43 5.00

Antidepressants

Intercept 0.54 0.49 0.59
Sleep duration 0.91 0.89 0.94
Medication use 2.19 1.89 2.53
ASH
Intercept 0.53 0.48 0.59
Sleep duration 0.93 0.90 0.95
Medication use 1.98 1.70 231
Quadratic sleep 1.00 0.99 1.02
Medications x sleep 1.08 1.00 1.17
Sleep aids
Intercept 0.55 0.50 0.61
Sleep duration 0.93 0.91 0.95
Medication use 2.30 1.95 2.72
Quadratic sleep 1.00 0.99 1.02
Medications x sleep 1.09 1.00 1.19
Thyroid hormones
Intercept 0.56 0.50 0.61
Sleep duration 0.92 0.89 0.94
Medication use 2.29 1.93 271

Anticonvulsants

Intercept 0.56 0.50 0.62
Sleep duration 0.93 0.90 0.95
Medication use 2.45 211 2.85
Quadratic sleep 1.00 0.99 1.02
Medications x sleep 1.08 1.00 1.18
Metabolic agents
Intercept 0.52 0.47 0.57
Sleep duration 0.91 0.89 0.94
Medication use 2.57 2.21 2.98
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All models were adjusted for age, sex, and race/Hispanic origin. Prescription medication use was assessed as past month use.

ASH = anxiolytics, sedatives, and hypnotics. Metabolic agents include antihyperlipidemic agents, antidiabetic agents, and peripherally acting
antiobesity agents.
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