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Association Between Benzodiazepine Receptor Agonists
and Snoring Among Women in the Nurses’ Health Study
Brian M. Lin, MD, ScM; Frank B. Hu, MD; Gary C. Curhan, MD, ScD

IMPORTANCE Snoring is highly prevalent among adults. The use of benzodiazepine receptor
agonists is also common, with higher prevalence of use with more advanced age.
Benzodiazepine receptor agonists cause muscle relaxation, which may affect muscle tone
and airway dynamics and thereby increase snoring. Previous studies examining the
association between use of benzodiazepine receptor agonists and snoring were
underpowered to detect clinically meaningful differences or did not report the magnitude of
association.

OBJECTIVE To investigate the association between use of benzodiazepine receptor agonists
and snoring in women.

DESIGN, SETTING, AND PARTICIPANTS Women aged 62 to 86 years provided information on
snoring and covariates of interest in the 2008 survey of the Nurses’ Health Study, a
cross-sectional cohort study of female registered nurses in the United States. Potential effect
modification of the association between use of benzodiazepine receptor agonists and snoring
by age, body mass index, waist circumference, smoking, alcohol consumption, and physical
activity was explored. Logistic regression was used to adjust for potential confounders. Data
analysis was conducted from November 2015 to March 2016.

MAIN OUTCOMES AND MEASURES Self-reported habitual snoring, defined as a few nights a
week or more.

RESULTS Of 52 504 participants (mean [SD] age, 72.4 [6.7] years), 14 831 (28.2%) reported
habitual snoring. There was a slightly higher prevalence of benzodiazepine receptor agonist
use among habitual snorers (11.4%) compared with nonhabitual snorers (10.6%) (absolute
difference, 0.8%; 95% CI, 0.2%-1.4%). After multivariable adjustment, use of benzodiazepine
receptor agonists was not associated with snoring (odds ratio, 1.01; 95% CI, 0.95-1.07)
compared with women who did not use benzodiazepine receptor agonists. Although there
was no significant interaction with smoking, there were higher odds of snoring with use of
benzodiazepine receptor agonists among current smokers (odds ratio, 1.34; 95% CI,
1.04-1.73).

CONCLUSIONS AND RELEVANCE Use of benzodiazepine receptor agonists is not associated
with odds of snoring in middle-aged and elderly women.
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A pproximately 35% of the US population snores
habitually.1 Previous studies have shown adverse health
outcomes associated with snoring, and that snoring is

associated with greater daytime sleepiness and decreased
performance.2-9 Thus, identification of modifiable factors as-
sociated with snoring is an important public health issue.

Benzodiazepine receptor agonists are medications
commonly used as sleep aids. Approximately 15 million pre-
scriptions for benzodiazepine receptor agonists are written
annually in the United States, and approximately 10% of the
population has reported having used these medications.10,11

Benzodiazepine receptor agonists cause muscle relaxation,
which may affect muscle tone and airway dynamics and
thereby increase the risk of snoring.

Previous cross-sectional studies in women have shown as-
sociations between snoring and body mass index (BMI) (cal-
culated as weight in kilograms divided by height in meters
squared), age, waist circumference, smoking status, physical
activity, hypertension, and alcohol dependence.12,13 How-
ever, despite the fact that snoring and use of benzodiazepine
receptor agonists are common, the association between the use
of these medications and the risk of snoring is unclear. Previ-
ous studies primarily comprised younger women and were un-
derpowered to detect differences in snoring by use of benzo-
diazepine receptor agonists or did not report the magnitude
of the observed association.13,14 We investigated the associa-
tion between use of benzodiazepine receptor agonists and snor-
ing, and potential effect modifiers of this association, in 52 504
women who participated in the Nurses’ Health Study.

Methods
Study Participants
The Nurses’ Health Study is a cohort of female registered nurses
originally enrolled in 1976. At study onset, there were 121 700
participants aged 30 to 55 years. Questionnaires are adminis-
tered every 2 years, with an average follow-up rate of more than
90% of the eligible person-time. The 2008 questionnaire (http:
//www.nurseshealthstudy.org/participants/questionnaires)
included a question about snoring. Of the 73 693 women who
answered the long-form questionnaire in 2008, a total of 14 831
(20.1%) reported habitual snoring. After excluding participants
with missing information, our study population was 52 504
women. Completion of the self-administered questionnaire
was considered implied informed consent. The Partners
Healthcare Institutional Review Board approved this study.

Ascertainment of Snoring
In the 2008 questionnaire, participants were asked, “Do you
snore?” Possible responses were “every night,” “most nights,”
“a few nights a week,” “occasionally,” “almost never,” and
“don’t know.” Participants who reported snoring every night,
most nights, or a few nights a week, were considered to be
habitual snorers. Participants who reported snoring occasion-
ally or almost never were considered to be nonhabitual
snorers. Significant associations between several factors and
self-reported snoring have been observed using a similar man-

ner of assessment in other cohorts.4,12-15 In addition, assess-
ment of snoring in the Nurses’ Health Study cohort in this man-
ner has been associated with increased risk of colorectal
cancer,16 increased risk of type 2 diabetes,17 and positive as-
sociations with biomarkers of cardiovascular disease risk.18

Ascertainment of Medication Use
In the 2008 questionnaire, participants were asked if they had
regularly used “minor tranquilizers (eg, Valium, Xanax, Ati-
van, Librium)” or “Ambien, Sonata, or Lunesta.” Although
“regularly” was not defined in the 2008 questionnaire, “regu-
lar use” was defined as 2 or more times per week in the pre-
vious biennial questionnaires sent to study participants. We
classified women who answered yes to either of these ques-
tions as participants using benzodiazepine receptor agonist
medications.

Ascertainment of Covariates
Covariates were selected based on previously reported fac-
tors associated with snoring. Factors considered included
age,13-15,19 BMI,13-15,19 waist circumference,13,19 alcohol
consumption,13,19 smoking status,14,15,19 race/ethnicity,20 physi-
cal activity,13,19 sleep position,19 hypertension,12 anxiety,28 and
diabetes.17 Data on covariates were obtained from the bien-
nial questionnaires. Data from the 2008 questionnaire were
used, with the exception of waist circumference, which was
from the 2000 questionnaire.

Statistical Analysis
Data analysis was conducted from November 2015 to March
2016. Analyses were performed in a cross-sectional manner
using information on snoring and medication use that was col-
lected on the 2008 questionnaire. Multiple logistic regres-
sion analyses were used to adjust for potential confounders.
Given previously described associations between increased
snoring and younger age, greater BMI and waist circumfer-
ence, current smoking, greater alcohol consumption, and de-
creased physical activity, we explored potential effect modi-
fication of the association between use of benzodiazepine
receptor agonists and snoring by these variables. We hypoth-
esized that risk of snoring would increase with use of benzo-
diazepine receptor agonists in older women, given greater sen-
sitivity to the effects of these medications among the elderly

Key Points
Question Is use of benzodiazepine receptor agonists associated
with snoring in women?

Findings In this cohort study of 52 504 women, there was a
statistically significantly higher prevalence of use of
benzodiazepine receptor agonists among habitual snorers (11.4%)
compared with nonhabitual snorers (10.6%). After multivariable
adjustment, use of benzodiazepine receptor agonists was not
associated with odds of snoring compared with women who did
not use benzodiazepine receptor agonists.

Meaning Use of benzodiazepine receptor agonists is not
associated with snoring in women.
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population.21 Obesity increases passive mechanical pres-
sures by increasing fat deposition and redundant tissue in the
neck and tongue, increasing the risk of airway obstruction.22

Thus, we hypothesized that use of benzodiazepine receptor
agonists among women with a higher BMI and greater waist
circumference increases the risk of snoring, given higher me-
chanical pressures and the muscle-relaxing effects of these
medications. We also hypothesized that less physical activity
decreases airway muscle tone and increases the risk of snor-
ing with use of benzodiazepine receptor agonists. Smoking has
been associated with irritation of nasopharyngeal mucosa, with
resulting edema and narrowing of the airway.14 Furthermore,
animal models have shown that nicotine is associated with in-
creased upper airway muscle tone,23 withdrawal of which may
increase upper airway resistance and increase risk of snoring.
Use of benzodiazepine receptor agonists among smokers may
result in further relaxation of airway muscle tone, leading to
greater risk of snoring, compared with no use of these medi-
cations. Alcohol use has been hypothesized to increase snor-
ing by increasing the frequency and duration of obstructive
events in the upper airway secondary to depression of arousal
mechanisms and oropharyngeal muscle hypotonia.24,25 Use of
benzodiazepine receptor agonists may further depress arousal

mechanisms and decrease oropharyngeal muscle tone, thereby
increasing the risk of snoring.

Associations are expressed as odds ratios and 95% CIs. All
statistical analyses were performed via SAS software, version
9.4 (SAS Institute Inc).

Results
Participant characteristics according to snoring status are
shown in Table 1. Women who reported habitual snoring had
a higher mean (SD) BMI (28.3 [5.8] vs 26.0 [5.0]) and waist cir-
cumference (90.2 [13.6] vs 85.7 [12.8] cm), were less physi-
cally active (median, 8.2 [interquartile range, 2.1-21.2] vs 11.5
[interquartile range, 3.2-26.3] metabolic equivalents), were
more likely to be a current or past smoker (current, 5.9% vs
4.5%; past, 51.2% vs 48.2%), have a history of type 2 diabetes
(17.3% vs 12.1%) or hypertension (69.9% vs 64.1%), and report
use of benzodiazepine receptor agonists (11.4% vs 10.6%) com-
pared with nonhabitual snorers.

In 2008, a total of 14 831 women (28.2%) reported ha-
bitual snoring. There was a slightly higher prevalence of the
use of benzodiazepine receptor agonists among habitual snor-
ers compared with nonhabitual snorers (11.4% vs 10.6%; ab-
solute difference, 0.8%; 95% CI, 0.2% to 1.4%). However, af-
ter multivariable adjustment, use of benzodiazepine receptor
agonists was not associated with snoring (odds ratio, 1.01; 95%
CI, 0.95-1.07) (Table 2).

There was no statistically significant effect modification
by BMI (Table 3), smoking status (Table 4), age, waist circum-
ference, alcohol consumption, and physical activity (eTables
1-4 in the Supplement). Although there was no overall signifi-
cant interaction, after multivariable adjustment, there was an
increased odds of snoring with use of benzodiazepine recep-
tor agonists among current smokers (odds ratio, 1.34; 95%
CI, 1.04-1.73) compared with women who did not use benzo-
diazepine receptor agonists (Table 4).

We performed secondary analyses investigating the asso-
ciation between snoring and use of minor tranquilizers as
described in the questionnaire, and the association between
snoring and use of Ambien, Sonata, or Lunesta. Performing
these analyses separately did not change the results.

Discussion
We found no overall association between use of benzodiaz-
epine receptor agonists and snoring. Although there was no
significant overall interaction between use of benzodiaz-
epine receptor agonists and snoring by smoking, use of these
medications among current smokers was associated with
higher odds of snoring.

Snoring has been associated with adverse health effects,
as well as increased daytime sleepiness and reduced
performance.2-9 Benzodiazepine receptor agonists relax muscle
tone, which may increase the odds of snoring. However,
previous studies showed mixed results on the association
between snoring and use of benzodiazepines, with one cross-

Table 1. Characteristics of Participants According to Habitual Snoring

Characteristic

Valuea

Habitual Snorer
(n = 14 831)

Nonhabitual Snorer
(n = 37 673)

Age, mean (SD), y 71.4 (6.5) 72.7 (6.7)

BMI, mean (SD)b 28.3 (5.8) 26.0 (5.0)

Waist circumference, mean
(SD), cm

90.2 (13.6) 85.7 (12.8)

White race/ethnicity 13 973 (94.2) 35 561 (94.4)

Hispanic race/ethnicity 152 (1.0) 332 (0.9)

Physical activity, median
(IQR), METs

8.2 (2.1-21.2) 11.5 (3.2-26.3)

Smoking status

Never 6323 (42.6) 17 770 (47.2)

Past 7600 (51.2) 18 151 (48.2)

Current 881 (5.9) 1683 (4.5)

Alcohol consumption,
median (IQR), g/d

1.2 (0.0-7.9) 1.3 (0.0-8.8)

History of hypertension 10 370 (69.9) 24 129 (64.1)

History of diabetes 2567 (17.3) 4546 (12.1)

Usual sleep position

On side 9503 (64.1) 24 677 (65.5)

On back 892 (6.0) 2046 (5.4)

On front 1320 (8.9) 3457 (9.2)

Mixed 162 (1.1) 407 (1.1)

Use of benzodiazepine
receptor agonists

1691 (11.4) 3999 (10.6)

History of anxiety 679 (7.9) 1267 (6.2)

Abbreviations: BMI, body mass index; IQR, interquartile range; METs, metabolic
equivalents.
a Data are presented as number (percentage) of patients unless otherwise

indicated. Percentages may not total 100% owing to missing data and
rounding of decimal points.

b Calculated as weight in kilograms divided by height in meters squared.
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sectional study revealing no significant association and an-
other reporting a positive association.13,14 However, one of these
studies had a low prevalence of the use of benzodiazepines
among participants,13 and the other was in a smaller cohort of
men and women with no reporting of the magnitude of the ob-
served association.14 In our cohort of 52 504 women, we ob-
served no overall association between use of benzodiazepine
receptor agonists and snoring.

It has been previously suggested that factors associated
with snoring may have different effects on women by age and

BMI.13 We explored the association between use of benzodi-
azepine receptor agonists and snoring by age, BMI, waist cir-
cumference, smoking status, alcohol consumption, physical
activity, and sleep position, and found that, although there was
no significant overall interaction by any of these variables, there
were significant differences in the observed associations among
current smokers.

The association between higher BMI and increased
odds of snoring has been well established.13,14 Previous
authors have suggested that women with a higher BMI or

Table 2. Habitual Snoring According to Use of Benzodiazepine Receptor Agonists

Use of Benzodiazepine Receptor
Antagonists Women, No.

Prevalence of Habitual Snoring,
No. (%) Odds Ratio (95% CI)a

No 46 814 13 140 (28.1) 1 [Reference]

Yes 5690 1691 (29.7) 1.01 (0.95-1.07)

a Adjusted for age, race/ethnicity,
body mass index, waist
circumference, alcohol
consumption, physical activity,
sleep position, smoking status,
hypertension, anxiety, and diabetes.

Table 3. Habitual Snoring According to Use of Benzodiazepine Receptor Agonists, Stratified by BMI Categories

BMIa No. of Women
Prevalence of Habitual
Snoring, No. (%) Odds Ratio (95% CI)b,c

<21

No use of benzodiazepine
receptor agonists

5052 862 (17.1) 1 [Reference]

Use of benzodiazepine receptor
agonists

697 134 (19.2) 1.02 (0.83-1.25)

21 to <24

No use of benzodiazepine
receptor agonists

9640 1912 (19.8) 1 [Reference]

Use of benzodiazepine receptor
agonists

1212 261 (21.5) 1.03 (0.88-1.19)

24 to <30

No use of benzodiazepine
receptor agonists

18 453 5157 (28.0) 1 [Reference]

Use of benzodiazepine receptor
agonists

2152 648 (30.1) 1.03 (0.93-1.14)

30 to <35

No use of benzodiazepine
receptor agonists

6571 2514 (38.3) 1 [Reference]

Use of benzodiazepine receptor
agonists

783 323 (41.3) 1.03 (0.88-1.20)

≥35

No use of benzodiazepine
receptor agonists

3182 1499 (47.1) 1 [Reference]

Use of benzodiazepine receptor
agonists

372 202 (54.3) 1.22 (0.98-1.53)

Abbreviation: BMI, body mass index.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Adjusted for age, race/ethnicity,
waist circumference, alcohol
consumption, physical activity,
sleep position, smoking status,
hypertension, anxiety, and diabetes.

c P = .35 for interaction.

Table 4. Habitual Snoring According to Use of Benzodiazepine Receptor Agonists, Stratified by Smoking Status

Smoking Status No. of Women
Prevalence of Habitual
Snoring, No. (%) Odds Ratio (95% CI)a,b

Never

No use of benzodiazepine receptor
agonists

21 800 5710 (26.2) 1 [Reference]

Use of benzodiazepine receptor
agonists

2293 613 (26.7) 0.96 (0.87-1.06)

Past

No use of benzodiazepine receptor
agonists

22 688 6663 (29.4) 1 [Reference]

Use of benzodiazepine receptor
agonists

3063 937 (30.6) 1.01 (0.92-1.09)

Current

No use of benzodiazepine receptor
agonists

2241 746 (33.3) 1 [Reference]

Use of benzodiazepine receptor
agonists

323 135 (41.8) 1.34 (1.04-1.73)

a Adjusted for age, race/ethnicity,
body mass index, waist
circumference, alcohol
consumption, physical activity,
sleep position, hypertension,
anxiety, and diabetes.

b P = .07 for interaction.
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waist circumference may have more fat deposits or redun-
dant tissue in the oropharynx compared with normal-
weight or underweight individuals, thereby predisposing
them to higher odds of snoring.13 We found no overall asso-
ciation between use of benzodiazepine receptor agonists
and snoring by BMI or waist circumference.

Smoking has been associated with irritation of nasopha-
ryngeal mucosa, with resulting edema and narrowing of the
airway.14 Furthermore, animal models have shown that nico-
tine is associated with increased upper airway muscle tone23;
withdrawal from nicotine may increase upper airway resis-
tance during sleep. Previous studies have reported an
association between smoking and snoring.13-15,26,27 We found
that the association between use of benzodiazepine receptor
agonists and snoring by smoking status was of borderline sta-
tistical significance. However, there was a significantly higher
odds of snoring among current smokers who used benzodiaz-
epine receptor agonists compared with current smokers who
did not use these medications. This finding may be owing to
the muscle-relaxing effects of benzodiazepine receptor ago-
nists being greater among individuals who smoke and have in-
creased airway resistance and edema.

Older women experience altered pharmacokinetics and
pharmacodynamics, resulting in a longer benzodiazepine re-
ceptor agonist half-life, and they may be more sensitive to the
effects of these medications compared with younger women.21

However, the association between use of benzodiazepine re-
ceptor agonists and snoring did not vary by age. The lack of
expected differences by age may be that older cohort partici-
pants were prescribed lower doses of benzodiazepine recep-
tor agonists, given preexisting knowledge of the sensitivity of
older individuals to these medications.

Alcohol consumption has been hypothesized to increase
snoring by increasing the frequency and duration of obstruc-
tive events in the upper airway secondary to depression of
arousal mechanisms and oropharyngeal muscle hypotonia.24,25

Use of benzodiazepine receptor agonists may further depress
arousal mechanisms and decrease oropharyngeal muscle tone,
thereby increasing the risk of snoring. However, we observed
no association between use of benzodiazepine receptor ago-
nists and the odds of snoring among different categories of al-
cohol use. Although a previous study described an associa-
tion between alcohol dependence and snoring,13 the quantity
of alcohol consumed by women in our cohort was relatively
low, with few women reporting the consumption of 30 or more

grams of alcohol daily (the equivalent of 2 standard alcoholic
drinks per day).

Limitations
Our cohort comprises predominantly white women. Further
investigation is required to examine the association between
use of benzodiazepine receptor agonists and snoring in other
populations. The study design was cross-sectional; there-
fore, we cannot address the temporal nature of the observed
associations. However, our findings represent data from the
largest cohort of women studied to date on this subject. Our
questionnaire did not ask about individual benzodiazepine re-
ceptor agonists so we were able to investigate only the class
of medications. Further investigation is needed to ascertain
whether differences exist in the association between snoring
and use of specific benzodiazepine receptor agonist agents. Al-
though we found no association between alcohol consump-
tion and the odds of snoring, it is possible that temporality of
alcohol intake relative to sleep and use of benzodiazepine re-
ceptor agonists are important; this factor was not ascertained
in our cohort. Further investigation is required to better un-
derstand these associations. Further investigation is also
needed to better understand the potential association be-
tween the use of benzodiazepine receptor agonists and other
aspects of sleep-related breathing disorders. Our exposure was
defined as regular use of benzodiazepine receptor agonist
medications. Although regular use was not defined on the 2008
questionnaire, it was defined as 2 or more times per week on
previous biennial questionnaires. The outcome in our study
was self-reported snoring. However, a previous study using
data from the Nurses’ Health Study demonstrated that the
prevalence of snoring in women who were living with spouses
or partners was similar to that in women who were not living
with spouses or partners, which suggests no obvious bias in
self-report.19 In addition, many studies have evaluated snor-
ing using this manner of assessment, revealing associations
between snoring and several well-established factors such as
hypertension, diabetes, and colorectal cancer.4,12-15

Conclusions
The use of benzodiazepine receptor agonists was not associated
with odds of snoring; however, use of these medications among
current smokers was associated with higher odds of snoring.
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