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ABSTRACT
Objective: Previous studies found an association
between hypnotic use and mortality risk. The
prospective outcome data and the many baseline risk
factors included in the Women’s Health Initiative (WHI)
provide an opportunity to better understand the
reasons for this association.
Setting: The WHI is a long-term national health study
that focused on strategies for preventing disease in
postmenopausal women. Participants were enrolled
from 1993 to 1998.
Design: Baseline hypnotic use was evaluated for an
association with subsequent mortality or disease after
adjusting for baseline risk.
Subjects: 148 938 postmenopausal women between
the ages of 50 and 79 throughout the USA. The
median follow-up was 8 years.
Main outcome measures: Mortality. Secondary
outcomes included myocardial infarction, stroke,
diabetes and seven types of cancer.
Results: For persons who use hypnotic medications
almost daily the age-adjusted hazard ratio (HR) for
mortality was 1.62 (95% CI 1.50 to 1.74). Greater
hypnotic use was associated with less healthy levels of
physical function, general health and smoking at
baseline. After adjustment for these factors the HR for
almost daily hypnotic use was 1.14 (1.06 to 1.23) for
mortality and 1.53 (1.18 to 1.99) for melanoma; it was
not significantly associated with increased incidence of
other diseases tested. Less frequent hypnotic use and
several types of sleeping difficulties were not
associated with mortality, but sleeping more than
10 h a night had a risk-adjusted HR for mortality of
1.28 (1.01 to 1.61).
Conclusions: The association of hypnotic use with
mortality and incident disease was greatly reduced
after adjusting for baseline risk factors. These
findings do not support a strong independent
association of hypnotic use with most health
outcomes.

Inadequate sleep is a predictor of numerous
health problems including depression,1 hyper-
tension,2 diabetes3 and cardiac events.4 To
reduce these problems many people rely on
hypnotics. Americans filled some 60 million
prescriptions for hypnotics last year, up from

47 million in 2006, according to IMS Health, a
healthcare services company.5 Despite their
obvious acute effects, their long-term efficacy
for treatment of sleep disorders is unclear.6–8

In addition, there are concerns that these
medications may have adverse health effects. A
recent study found high hazard ratios for mor-
tality and cancer associated with hypnotic
use.5 9 10 Other studies have also found evi-
dence that hypnotic use may increase the risk
of disease and mortality.11–19

A potential flaw in these studies, however,
is the possibility that higher-risk patients take
more hypnotics, and it is this higher risk
rather than the hypnotics that contributes to
adverse health outcomes. For example, it
might be that health problems or psycho-
logical problems interfere with sleep, and
people with these problems are more likely
to take sleeping pills. It is also possible that
sleep problems rather than sleep medica-
tions cause adverse health outcomes.

ARTICLE SUMMARY

Article focus
▪ The study evaluated whether hypnotic use at

baseline was associated with subsequent mortal-
ity or disease incidence. The analysis took into
account baseline health.

Key messages
▪ The results supported previous findings of an

association of hypnotic use with subsequent
poor health or mortality. However, this associ-
ation was almost eliminated after taking into
account smoking, general health and physical
function at baseline. These risk factors may have
exaggerated the apparent health consequences
of hypnotic use in other studies.

Strengths and limitations of this study
▪ Strengths include a large data set with informa-

tion about hypnotic use, sleep disturbance and
risk factors for mortality. A limitation is that
many currently used hypnotics were not available
at the time of this study.
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Although observational studies do not dependably
produce valid results20 a number of features of the
Women’s Health Initiative (WHI) dataset make it better
than most for evaluating the influence of sleep medica-
tion on health. It includes a large and, in many respects,
diverse population with accurately recorded health out-
comes that occur during a median follow-up time of
8 years. It also provides baseline information about char-
acteristics of sleep, use of sleep medication and numer-
ous risk factors. In the present study WHI data were
analysed to assess the association of sleep medication,
hours sleep and difficulty sleeping with mortality and
the development of 10 specific diseases.

METHODS
The WHI study design has been described in detail.21–23

In brief, it was a long-term national health study that
focused on strategies for preventing heart disease, breast
and colorectal cancer, and osteoporosis in postmenopau-
sal women. Women between the ages of 50 and 79 were
enrolled for an observational study or randomised con-
trolled trial (RCT) from 1993 to 1998 at 40 clinical
centres throughout the USA. The institutional review
boards at all participating institutions, including the
coordinating centre, subcontractors and clinical centres,
approved the study protocols and procedures.
Participants available for analysis included 161 748 WHI

participants: 93 651from the observational study, 16 590
fromtheRCTofoestrogenplusprogesterone(E+P), 10 722
from the RCT of oestrogen only (oestrogen-alone), and
40 785additionalwomenwhowere in thediet studyandnot
in an RCT of hormone therapy. Baseline information
included demographics, general health, clinical and
anthropometric, functional status, healthcare behaviours,
reproductive, medical history, family history, personal
habits, thoughts and feelings, therapeutic class of medi-
cation, hormones, supplements and dietary intake.
Outcomes were identified primarily through self-report at
semiannual contacts for clinical trial participants and
annual contacts for observational study participants.
Specific details of illnesses and hospitalisations are
obtained as needed via a standardised questionnaire admi-
nisteredbyphoneor in-person interview, or self-completed
form. For primary and secondary outcomes, portions of
the medical record (discharge summary and results
of relevant diagnostic and laboratory tests) are requested
and assembled.
We excluded 9584 participants from the observational

study because they would have been excluded from RCTs.
Exclusion criteria were platelets less than 75 000/mm3,
haematocrit less than 32%, oral daily use of a glucocorti-
costeroid, body mass index (BMI) less than 18, systolic
blood pressure greater than 200 mm Hg, diastolic
greater than 105 mm Hg, breast cancer ever, other
cancers in the last 10 years, or stroke, transient ischae-
mic attack, or myocardial infarction (MI) in the last
6 months. These exclusion criteria made the study

participants more homogenous (since they had already
been applied to the RCTs) and they reduced the likeli-
hood that sleep patterns would be influenced by severe
health problems. An additional 3285 participants were
excluded from the final analyses because they were
missing information on one or more of the questions
used to define difficulty sleeping. The number of partici-
pants analysed was 148 938.

Outcomes and risk factors
The present study assessed the association of hypnotic
use with mortality (the primary outcome in this study
and the one most often evaluated for an association with
sleep medications) and other disease outcomes that may
contribute to mortality: MI, stroke, diabetes, breast
cancer, colon cancer, lung cancer, colorectal cancer,
lymphoma, melanoma and ovarian cancer. If hypnotic
use caused specific health problems that led to mortality,
then the strongest associations should be between sleep
medication use and these health problems. It is certainly
possible that the health problems most associated with
hypnotic use were not collected by the WHI or tested in
the present study. One of the outcomes cited in several
studies of hypnotic use that was not collected by the
WHI was suicide.17 18 24

Several risk factors related to sleep were tested for an
association with the primary and secondary outcome
variables.
The sleep factor analysed in greatest detail was the

response to the following question about sleep medica-
tions: ‘Did you take any kind of medication or alcohol at
bedtime to help you sleep?’ The answers were on a five-
point scale from not in the past 4 weeks to 5 or more
times a week. For simplicity the highest point on the
scale was referred to as frequent hypnotic use.
Information about sleep duration was from the

response to the following question: ‘About how many
hours of sleep did you get on a typical night during the
past 4 weeks?’ Answers were on a six-point scale that
ranged from 5 or less hours to 10 or more hours.
Information was also obtained about the following

insomnia-related factors in the past 4 weeks: quality of
sleep, trouble falling asleep, wake up several times, wake
up earlier than planned, trouble getting back to sleep and
the WHI sleep construct that was formed by summing the
scores for the five specific types of difficulty sleeping.
These risk factors were tested for an association with

the primary and secondary outcomes after adjusting for
a set of risk factors highly associated with mortality as
described in statistical methods. One of the mortality
risk factors was smoking history, which was obtained
from three questions:
1. A three category smoking status variable (never/

past/current).
2. On the average, how many cigarettes do you (did

you) usually smoke each day?
3. How many years have you been (were you) a regular

smoker?
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Statistical methods
The association of risk factors with each outcome was
tested using Cox proportional hazard regression. Each
of the risk factors related to sleep were evaluated separ-
ately. The hazard ratio (HR) and associated χ2 of the
risk factor were obtained after adjusting for age and
again after adjusting for mortality risk factors. The mor-
tality risk factors were identified using stepwise propor-
tional hazards regression on all the potential risk factors
collected at baseline by the WHI. Factors statistically sig-
nificant at p<0.0001 level in the full dataset minus parti-
cipants who would not qualify for RCTs were retained in
the model.
The sleep variables were included in the regression

models as categorical variables. The category of greatest
interest for each sleep variable was the most extreme.
Therefore, results were provided for the sleep variable
as a whole and for the most extreme category of the
sleep variable, which was represented by a binary
variable.
The three questions about smoking were included as

categorical risk factors in the proportional hazard regres-
sion equation. A composite smoking variable for a given
subject was created by summing the age-adjusted regres-
sion coefficients associated with the values of the
smoking variable present in that subject. This composite
was an ordinal variable that was associated with an iden-
tical χ2 value as the χ2 is associated with the three cat-
egorical smoking variables. Because the variable was
ordinal, it was possible to find its correlation with other
risk factors.
The question about sleep medication was worded so

that it included subjects who used alcohol to help them
sleep. To assess whether the results were altered by sub-
jects using alcohol as a sleep aid, the analyses on sleep
medications were repeated for only those subjects who
took less than one drink a week.
Every study that has evaluated the association between

use of sleep medications and mortality adjusted for dif-
ferent covariables. The covariables that most influence
the association between sleep medication use and mor-
tality are those most confounded with sleep medications.
The amount of confounding depends on what other
variables are included in the regression equation. We
created a score that measures the extent that frequent
hypnotic use was confounded with another risk factor
that was included in the Cox model. This score is analo-
gous to a measure of confounding in linear regression.25

The confounding score was the product of χj and rhu,,j
where χj is the square root of the χ2 value for the other
risk factor when it is in the Cox model with frequent
hypnotic use, and rhu,,j is the correlation of the other
risk factor with frequent hypnotic use. This score pro-
vides an intuitive, quantified measure of the confound-
ing associated with a particular covariable in the present
study. For the 10 binary or ordinal covariables in the
present study, the correlation of this confounding score
with the change in the χ2 value of frequent hypnotic use

when the covariable was added to the regression equa-
tion was 0.99.
To test whether hypnotic use was a special risk factor

for the morbidly obese, as has been suggested,26 we
used a statistical test for interaction between hypnotic
use and BMI of 35 or greater.

RESULTS
General characteristics of the participants are shown in
table 1. For all variables except for race there is substan-
tial diversity among the participants.
The risk factors independently associated with mortal-

ity at p<0.0001 level are sorted in table 2 according to
their χ2 value. The last column shows the score suggest-
ing how much a variable is confounded with frequent
hypnotic use. Three covariables have much higher con-
founding scores than the others: physical functioning,
smoking and general health. Although age is by far the
strongest risk factor, it is not highly confounded with the
use of sleep medication.
The associations of mortality with characteristics of

sleep are shown in table 3. All associations are shown
adjusted for age alone, age plus the characteristics most
confounded with frequent hypnotic use, and all covari-
ables statistically significant at the p< 0.0001 level. The χ2

value for the association of hypnotic use with mortality
adjusted for age is 182. After also adjusting for three
confounding covariables, the χ2 value for sleep medica-
tions was reduced from 182 to 21, and the HR for hyp-
notic use five or more times a week compared to
non-users was reduced from 1.62 (95% CI=1.50 to 1.74)
to 1.14 (1.06 to 1.23). The risk-adjusted HRs for mortal-
ity associated with hypnotic use less frequent than five
times a week were 1 or less.
The χ2 values were much greater for hypnotic use

than for the other sleep characteristics. Of the six

Table 1 Subject characteristics

Characteristics Categories

Percentage

(N=148 938)

Age (years) 49–55 17.8

56–69 60.9

70–81 21.3

Race White 82.7

Marital status Married 62.4

Education level High-school graduate

or less

22.3

Post high school 38.5

College graduate or

higher

39.1

Income <US$35000 42

US$35000 to US$75000 37.9

≥US$75000 17.4

Health score <75 41

75–90 43

>90 9
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Table 3 Sleep factors associated with mortality

Parameter Sample size

Adjustment

Age only

Age +3 primary

confounders

10 Variable

model

HR χ2* HR χ2* HR χ2*

Sleep meds

5+/week 9142 1.62 156.8 1.14 11.2 1.14 10.9

3–4/week 4187 1.34 24.0 1.04 0.5 1.06 1.0

1–2/week 8247 1.11 5.1 0.95 1.3 0.97 0.5

<1/week 13737 0.96 1.3 0.91 5.6 0.94 2.2

Never 113625 1.00 N/A 1.00 N/A 1 N/A

Overall 181.8 20.81 16.0

Trouble initiating sleep

5+ times a week 5864 1.54 81.5 1.05 1.1 1.02 0.1

3–4 times a week 8635 1.18 13.4 0.93 2.5 0.93 2.9

1–2 times a week 19105 1.05 2.5 0.92 6.3 0.93 4.8

<1 time a week 27583 0.93 5.6 0.9 12.5 0.91 10.5

Never 87751 1.00 N/A 1.00 N/A 1 N/A

Overall 107.2 20.1 15.0

Quality of sleep

Very restless 3293 1.49 28.2 0.86 3.9 0.84 5.4

Restless 20914 1.25 27.1 0.87 10.1 0.89 7.0

Average quality 62492 1.07 3.5 0.89 10.5 0.91 7.4

Sound or restful 42936 1.01 0.0961 0.96 1.2 0.98 0.4

Very sound or restful 19303 1.00 N/A 1.00 N/A 1 N/A

Overall 64.4 18.5 16.3

Hours of sleep per night

5 or less 12517 1.38 68.5 1.1 5.4† 1.05 1.3

6 40966 1.14 22.4 1.06 4.3 1.04 2.1

7 (control) 55953 1.00 N/A 1.00 N/A 1 N/A

8 33041 1.06 3.1 1.04 1.9 1.04 1.9

9 5695 1.23 13.8 1.08 1.8 1.06 1.1

10 or more 766 2.04 37.0 1.35 6.4† 1.28 4.3

Overall 109.1 12.6 6.8

*If χ2≥ 3.84, p<0.05. If χ2≥ 14.4, p<0.0001.
†After adjusting for the other six risk factors for mortality, the χ2 value was reduced to 1.3 for sleeping 5 h or less and reduced to 4.3 for
sleeping 10 h or more.
N/A, not applicable.

Table 2 Risk factors independently associated with mortality at p<0.0001 and the amount of confounding of these risk

factors with frequent hypnotic use

Risk factor HR χ2
Correlation with

hypnotic use

Confounding score

for hypnotic use

Age (10 years) 2.31 2343.5 0.007 0.44

Smoking* 1.38 1539.8 0.050 2.17

Diabetes treatment 1.99 357.1 0.021 0.73

Physical function* 0.82 332.5 −0.137 7.48

General health 0.99 112.0 −0.134 5.15

Coronary bypass surgery 1.92 102.6 0.014 0.33

Systolic blood pressure 1.12 60.3 0.014 0.39

Income* 0.92 48.6 −0.036 0.68

Loss of appetite 1.19 48.6 0.052 0.98

Alcohol * 0.94 25.6 −0.001 0.01

WHI dataset (3 df) 51.6

US region (3 df) 44.2

*The HR was computed for an increase in the variable of 1 SD.
HR, hazard ratio; 3df, a variable with four categories has three degrees of freedom in the Cox model; WHI, Women’s Health Initiative.
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measures of difficulty sleeping, only two were included
in this table. The three other measures of specific types
of difficulty sleeping had lower age-adjusted HRs and
lower χ2 values than the reported measures.
The only other sleep-related variable associated with a

statistically significant increased mortality risk was sleep-
ing more than 10 h a night compared to sleeping 7 h a
night; the fully adjusted HR was 1.28 (1.01 to 1.61). Very
short sleepers had a 33% age-adjusted elevation in mor-
tality that was nearly eliminated with full adjustment for
mortality risk factors. Perhaps some mortality risk factors
contributed to very short sleep. Neither quality of sleep,
trouble falling asleep, waking up several times, waking
up earlier than planned, trouble getting back to sleep,
nor the WHI sleep construct was significantly associated
with increased mortality after adjusting for the three
primary confounders.
There were statistically significant associations between

frequent hypnotic use and difficulties sleeping although
the correlations were perhaps lower than expected: 0.20
for difficulty initiating sleep, −0.12 for quality of sleep
and −0.01 with number of hours of sleep.
It is possible that some participants in this study used

alcohol as their sleep medication. After eliminating
participants who used alcohol at least once a week, the
risk-adjusted HR for using sleep medications at least five
times a week compared to non-users of hypnotics was
1.13, p= 0.01. This HR is almost identical to the HR of
1.14 for hypnotic use at least five times a week in table 3.
HRs for other frequencies of hypnotic use after eliminat-
ing those who drank alcohol infrequently were all less
than 1 and not statistically significant.
We found that frequent hypnotic use was a slightly

stronger risk factor for women with BMI less than 35
than for more obese women, but the difference was not
statistically significant, that is, the p value for the inter-
action was greater than 0.10.
The association of hypnotic use with other outcomes

is shown in table 4. Hypnotic use at least five times a
week has age-adjusted statistically significant HRs for lung

cancer, myocardial infarction, stroke and melanoma. After
adjusting for the most highly confounded variables, the
only HR significantly greater than 1 is for melanoma.

DISCUSSION
Our results supported previous findings of an associ-
ation of the use of sleep medicine with incident disease
and mortality. The associations were greatly reduced
when adjustment was made for baseline physical func-
tion, health and smoking history. After the additional
adjustment there was evidence that persons who used
sleep medications almost daily had a slightly elevated
risk of mortality and a substantially elevated risk of mel-
anoma; there was no evidence that less frequent users
had any additional risk of mortality or of relatively
common specific diseases that might mediate the asso-
ciation between hypnotic use and mortality. Frequent
hypnotic use had no stronger association with mortality
for morbidly obese women. We also did not find evi-
dence that difficulty sleeping was associated with mor-
tality after adjusting for confounders. There was,
however, a risk-adjusted association between sleeping
more than 10 h a night and mortality.
A hypothesis consistent with these results is that sleep

medications contributed little to greater mortality or
disease but that they were used more frequently by
patients at higher risk of mortality or disease. The associ-
ation of mortality with more than 10 h a night of sleep
might be eliminated by adjustment for additional base-
line risk factors that contributed to mortality risk as well
as long sleep.

Previous literature
Several previous studies found a statistically significant
association between sleep medication and mortality9 11–18

although some did not.24 27 28 The highest HRs were 5.3
for greater than 132 pills a year and 3.6 for the use of
only 4–18 pills a year.9 Other HRs for regular users were
between 2.03 (in a study with only 39 regular users)17 and

Table 4 Association of sleep medication use with outcomes other than mortality

Age adjusted Adjusted for age +3 primary confounders

Outcome

Hypnotic use 5+/week Hypnotic use 5+/week

HR χ2** CI HR χ2** CI

Myocardial infarction 1.35 21.7 1.19 1.53 1.02 0.05 0.89 1.15

Stroke 1.35 18.1 1.17 1.54 1.09 1.5 0.95 1.25

Diabetes 1.17 14.9 1.08 1.27 0.85 15.4 0.78 0.92

Breast cancer 1.11 3.7 1.00 1.22 1.12 4.7 1.01 1.24

Colon cancer 0.70 6.4 0.53 0.92 0.64 9.7 0.49 0.85

Lung cancer 1.58 20.6 1.30 1.92 1.17 2.3 0.96 1.43

Colorectal cancer 0.71 6.8 0.55 0.92 0.66 10.2 0.51 0.85

Lymphoma 1.09 0.3 0.79 1.52 1.04 0.05 0.74 1.45

Melanoma 1.35 5.2 1.04 1.74 1.53 10.4 1.18 1.99

Ovary cancer 0.94 0.1 0.65 1.36 0.93 0.1 0.64 1.36

*If χ2≥ 9.5, p<0.05. If χ2≥ 22.7, p<0.0001.
**If χ2≥ 3.84, p<0.05. If χ2≥ 14.4, p<0.0001.
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1.09.27 The highest HRs for non-regular users ranged
from 4.439 to 0.98.13

The studies differed with respect to setting (Sweden,17

Norway,12 Finland,13 the USA,9 15 27 28 Canada,11 18

France24 and Japan14) and conditions being treated by
hypnotics (difficulty sleeping only9 14–18 24 27 28 or diffi-
culty sleeping or anxiety11–13), and both of these differ-
ences influence the type of people who choose to take
hypnotics and therefore the mortality risk factors that
are confounded with hypnotic use. For example, it is
possible that in some cultures a higher percentage of
people who use hypnotics are depressed and therefore
at an increased risk for suicide.
Only one study used data from a RCT,15 and the

others differed greatly with respect to the number and
types of risk factors used for adjustment, which
impacts the ability of the study to remove confound-
ing. No previous studies included information about
any of the three variables most confounded with sleep
medication use in the present study: physical function
(which may be more relevant than information about
exercise), precise smoking history and general health.
It is possible that adjusting for these risk factors in pre-
vious studies would have weakened the risk found in
these studies. It is also possible that study results may
depend on the specific hypnotics used, which were
rarely specified but no doubt varied substantially
depending on the date of the study and the country
in which the study was done.
Our study did find that the risk-adjusted HR for mel-

anoma was 1.53 for frequent hypnotic use. This is con-
sistent with a significant association of hypnotic use with
skin cancer in a secondary analysis of RCT data15 and a
laboratory study showing that these drugs cause cancer
in animals.15 Other studies have also previously found
an association between hypnotic use and cancer.19

CONCLUSIONS
Results from this study are consistent with many inter-
pretations including a weak causal association of hypno-
tics with mortality, an association with mortality only
because hypnotic use is a marker for poor health, and a
strong association with mortality for recent hypnotics
that were not well represented in this study. This study
did not support a strong association of the hypnotics
most commonly used in the 1990s with mortality. One
possible reason that the results differed from some previ-
ous studies is that the most important confounding vari-
ables in the present study may not have been available
in previous studies.
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