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Aim: The relationship between sleeping characteristics and antihypertensive medication is
little known. We examined the association of sleep quality or duration and the use of sleeping
pills with the number of antihypertensive drugs used in older adults.

Methods: This was a prospective cohort study of treated hypertensive patients aged
≥60 years participating in a seniors cohort, followed from 2008 to 2010 through 2012 to
2013. Self-reported sleep duration, sleep quality (usually having difficulty falling asleep or
staying asleep) and sleeping pills use were ascertained at baseline, and the change in the
number of antihypertensive drugs (active agents) between 2008–2010 and 2012–2013 was
calculated. Analyses were carried out with logistic regression, and adjusted for demo-
graphics, lifestyle, comorbidity, baseline number of antihypertensive drugs and hypertension
control.

Results: Among the 752 participants at baseline (mean age 69.9 years, 49.2% men), the
mean sleep duration was 6.9 h/day, 37% had poor sleep quality, 16.5% usually consumed
sleeping pills and the mean number of antihypertensive drugs was 1.8. During the follow-up
period, 156 (20.7%) patients increased the number of antihypertensive drugs. No association
was found between sleep duration or quality and the change in antihypertensive drug use.
Usual sleeping pills consumption was associated with a higher risk of increasing (vs dec-
reasing/maintaining) the number of antihypertensive drugs (odds ratio 1.85; 95% confidence
interval 1.12–3.07, P-value 0.02).

Conclusions: Consumption of sleeping pills was prospectively linked to an increased num-
ber of antihypertensive drugs. “Sleeping pill use” might be an indicator of future needs of
antihypertensive treatment, and a warning indicator to investigate underlying sleep disorders
or unhealthy lifestyles. Geriatr Gerontol Int 2019; ••: ••–••.
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Introduction

Hypertension is very frequent in older people, who are thus at
increased cardiovascular risk; nevertheless, antihypertensive treat-
ment has generally shown to reduce such risk, although the blood
pressure target in older patients is still debated.1–3 Also, approxi-
mately 50% of older adults complain about difficulty with initiat-
ing or maintaining sleep.4

Many studies have generally found associations of sleep char-
acteristics with blood pressure and hypertension in middle-aged
adults,5–10 however these associations were absent or inconsistent
among older adults.7,8,11,12 Furthermore, hypertensive patients
might change their needs of antihypertensive drug treatment over
time depending on the levels of blood pressure achieved.13 Here
again, sleep disorders might be at work; for example, one study
reported that antihypertensive drug users were more likely to
take sleep medications.14 However, to our knowledge this associ-
ation has not been further examined, in particular in older
adults.

The present study examined whether sleeping characteristics
(duration, quality and frequency of sleeping pills consumption)
were associated with prospective changes in antihypertensive
treatment in older adults; as hypertensive patients often require
combination therapies for optimal blood pressure control, we
focused on the number of antihypertensive drugs (active
agents).

Methods

Data were taken from a seniors cohort, which was established in
2008–2010 with 2076 individuals selected through stratified ran-
dom sampling from the non-institutionalized population aged
≥60 years in Spain.15 In 2012–2013 (median follow-up period
3.5 years), updated data were collected. The study protocol was
approved by a University Hospital Clinical Research Ethics Com-
mittee, and patients provided written informed consent.

Participants’ sleep duration was obtained by asking: “How
many minutes do you usually sleep per day (including both night-
time and daytime)?” Sleep quality was obtained by asking: “Do
you have difficulty falling asleep?” and “Do you have difficulty
staying asleep (night awakenings)?”; those who answered “some-
times” or “never or rarely” to the two questions were classified as
having good sleep quality, and those who responded “usually” to
any of the them as poor sleep quality. Participants were also asked:
“Do you take medication to sleep?”, with the following responses:
“usually”, “sometimes” and “never/rarely.” The latter two
responses were classified as “unusual.”

Overall medication consumption was obtained by asking the
participants: “How many medications do you currently use?”, and
by checking the number reported with the packages and medical
prescriptions he/she had at home. Only antihypertensive drugs
were selected for this analysis. The outcome variable was the
change in the number of antihypertensive drugs (active agents),
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which was calculated as the number of drugs in 2012–2013 minus
the number in 2008–2010.

Baseline information on potential confounders of the associa-
tions was collected. Sociodemographic variables included age, sex
and educational attainment (≤primary, secondary or university).
Diet was assessed using a computerized dietary history validated
in Spain. Total energy intake (kcal/day) was estimated, and the
Mediterranean diet was approached by an adherence screener,
which scores from 0 to 14 depending on the food consumed,
quantity and frequency, with a higher score indicating better
adherence. The Mediterranean diet adherence screener was classi-
fied into sex-specific tertiles. Total sodium and potassium intake
was expressed in mmol/day. Alcohol consumption was obtained
with the frequency–quantity scale used in the Spanish National
Health Survey, and participants were classified as excessive
drinkers (>24 g/day of alcohol intake in women, and >40 g/day in
men) or non-excessive drinkers (never drinker, former drinker,
moderate drinker). The following eight comorbidities were con-
sidered. Seven of them were self-reported chronic diseases diag-
nosed by the physician: asthma or chronic bronchitis, arthritis,
osteoarthritis, hip fracture, depression (in need of treatment), car-
diovascular disease (ischemic heart disease, stroke or heart failure)
and cancer at any site; and diabetes mellitus was defined as fasting
glucose ≥126 mg/dL or current treatment. Sleep apnea was self-
reported based on physician diagnosis. Weight and height were
measured using standardized procedures, and body mass index
was calculated as weight (kg) divided by squared height (m2).
Blood pressure was measured three times using standardized con-
ditions and validated devices. Hypertension control, both at base-
line and at follow up, was considered if systolic blood pressure
was <140 mmHg and diastolic blood pressure <90 mmHg.

Statistical analysis

The analyses were carried out with 752 participants who were
treated with hypertensive drugs at baseline. The associations
between each sleep characteristics (sleep duration in hours [con-
tinuous], sleep quality [poor/good], and sleeping pill consumption
[usual/unusual]) in 2008–10 and the change in the number of
antihypertensive drugs (increase or decrease/maintenance) from
2008–2010 to 2012–2013 were summarized with odds ratios
(OR) and 95% confidence interval (CI) obtained from multiple
logistic regression. Models were adjusted consecutively for base-
line covariates (see Table 3 footnote).

Analyses were carried out using Stata/SE, version 13 (Stata
Corp, College Station, TX, USA).

Results

At baseline, the participants’ mean age was 69.9 � 6.6 years),
49.2% were men, the mean sleep duration was 6.9 � 1.4 h/day,
37.0% had poor sleep quality, 16.5% usually consumed sleeping
pills and the mean number of antihypertensive drugs was
1.8 � 0.9. During the follow-up period, 156 (20.7%) participants
increased the number of antihypertensive drugs that they were
taking.

Table 1 shows the baseline characteristics of participants
according to their status of sleeping pills consumption in
2008–2010. Compared with patients who were not usual sleeping
pills consumers, those who usually consumed sleeping pills were
more frequently women, had significantly higher frequency of low
educational level, lower energy consumption, higher frequency of
comorbidities (≥2) and uncontrolled hypertension, they slept fewer
hours a day, and had a higher frequency of poor sleep quality.

Table 2 shows the baseline characteristics of participants who
increased and those who decreased/maintained the number of
antihypertensive medications between 2008–2010 and 2012–2013.
Compared with patients who decreased or maintained the number
of antihypertensive drugs, those who increased this number had a
higher mean number of comorbidities, slept fewer hours a day,
more frequently took sleeping pills, and took a lower mean num-
ber of blood pressure medication and had higher frequency of
uncontrolled hypertension.

No statistically significant association was found between the
sleep duration or quality and the change in the number of antihy-
pertensive drugs (Table 3). However, patients who usually took
sleeping pills had an 85% higher risk of increasing the number of
antihypertensive drugs than those who were not usual consumers
(fully adjusted OR 1.85, 95% CI 1.12–3.07, P = 0.017).

Of the 124 participants who usually took sleeping pills in
2008–2010, 92 (74%) keep on the same “usually consuming” sta-
tus in 2012–2013, and most (571% or 91%) of the 628 patients
who were not usual consumers at baseline did not change their
consumption status after follow up. As a sensitivity analysis, after
additionally adjusting the association between sleeping pills con-
sumption and increased antihypertensive drug consumption for
the change in hypnotic consumption between 2008–2010 and
2012–2013, the association remained similar in magnitude and
statistically significant (OR 1.77, 95% CI 1.06–2.95, P-value

Table 1 Baseline characteristics of treated hypertensive participants, according to the sleeping pills consumption in 2008–2010

Baseline characteristics Sleeping pills consumption

Usual Sometimes/never P

n (%) 124 (16.5) 628 (83.5)
Age, years (SD) 71.2 (6.9) 69.7 (6.5) 0.406
Men, n (%) 31 (25.0) 339 (53.9) <0.001
Educational level (primary or less), n (%) 90 (72.6) 355 (56.5) 0.001
Non-excessive drinkers, n (%) 119 (95.9) 570 (90.7) 0.056
Energy intake kcal/day, mean (SD) 1832.6 (570.8) 2005.3 (557.8) 0.002
Mediterranean diet, mean score (SD) 7.0 (1.8) 7.3 (1.8) 0.417
Potassium intake (mmol/day), mean (SD) 0.06 (0.2) 0.08 (0.3) 0.404
Sodium intake (mmol/day), mean (SD) 109.4 (46.9) 118.2 (49.4) 0.070
Body mass index (kg/m2), mean (SD) 29.8 (5.0) 29.6 (4.2) 0.588
Comorbidities, n (%) 53 (42.7) 140 (22.3) <0.001
Sleep apnea syndrome, n (%) 4 (3.3) 29 (4.6) 0.505
Controlled hypertension, n (%) 41 (33.1) 270 (43.0) 0.040
No. antihypertensive drugs, mean (SD) 1.8 (0.9) 1.8 (0.9) 0.569
Sleep duration (h/day), mean (SD) 6.6 (1.6) 6.9 (1.4) 0.008
Poor sleep quality, n (%) 85 (68.6) 193 (30.7) <0.001

SD, standard deviation.
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0.028). Likewise, the OR for the association between sleep dura-
tion or sleep quality and change in blood pressure medication
remained similar and non-statistically significant after this addi-
tional adjustment (OR 0.90, 95% CI 0.78–1.05, P = 0.178; and
OR 1.05, 95% CI 0.68–1.63, P = 0.822, respectively).

Discussion

In the present study, usual consumption of sleeping pills was pro-
spectively associated with a higher risk of increasing the number
of antihypertensive drug treatments in older adults. Importantly,
this association was observed regardless of sleep duration and
quality, body mass index, diet, physical activity, and hypertension
control.

The present findings of no association between sleep duration
and quality and change in antihypertensive drug treatment in
older adults are consistent with some studies that found no associ-
ation between sleep characteristics and hypertension or hyperten-
sive treatment in older adults.7–9,11,12. For example, in the Sleep
Heart Health Study, antihypertensive treatment among hyperten-
sive patients did not vary according to sleep duration.9

Our finding that habitual use of sleeping pills was associated
with an increase in antihypertensive treatment might be partly
explained by some factors. A number of studies have reported that
some sleeping pills (e.g. benzodiazepine hypnotics) might increase
sleep-disordered breathing in some cases, and sleep disorders

might be associated with hypertension and, in particular, with
nocturnal hypertension in older patients.14,16–18 Also, some sleep
medications (e.g. trazodone) have been shown to inhibit the hypo-
tensive effect of various antihypertensive agents (e.g. clonidine,
methyldopa) in animals, and hypertension has also occurred in a
few patients during long-term therapy, yet the clinical importance
of this potential interaction has not been determined;19 unfortu-
nately, we did not have detailed data on hypnotic types for most of
the present patients, but it seems that the consumption of these
drugs was low. Other potential reasons of the association include
underlying sleep disturbances not examined in this report
(e.g. anxiety) and reduced physical activity (self-reported in this
study) because of sedation, which is related to hypertension.1

Among study limitations, we lacked data on long-term patterns
of sleep characteristics and covariates, and some changes over
time are possible. Also, sleep data were self-reported; however,
these variables have shown adequate validity.20 Residual con-
founding might also still exist because data on some variables were
not precise enough (e.g. sleep quality was dichotomized) or
because of unmeasured or insufficiently adjusted confounders.
Finally, although reverse causation cannot be entirely ruled out,
the present study design and adjustment for baseline antihyper-
tensive treatment limits this possibility.

In conclusion, the present prospective study of older hyperten-
sive patients shows an independent association between usual
sleeping pills consumption and an increasing number of blood
pressure medications over time. The importance of this study

Table 2 Baseline characteristics of treated hypertensive participants, according to the change in antihypertensive drugs between
2008–2010 and 2012–2013

Baseline characteristics Change in the no. antihypertensive drugs

Increase Decrease/maintenance P

n (%) 156 (20.7) 596 (79.3)
Age, years (SD) 70.8 (6.6) 69.8 (6.6) 0.434
Men, n (%) 80 (51.3) 290 (48.7) 0.559
Educational level (primary or less), n (%) 103 (66.0) 342 (57.4) 0.134
Non-excessive drinkers, n (%) 143 (91.7) 546 (91.6) 0.982
Energy intake (kcal/day), mean (SD) 1957.2 (551.8) 1981.9 (566.5) 0.626
Mediterranean diet, mean score (SD) 7.14 (1.8) 7.25 (1.8) 0.984
Potassium intake (mmol/day), mean (SD) 0.051 (0.22) 0.081 (0.27) 0.216
Sodium intake (mmol/day), mean SD) 115.1 (48.4) 117.2 (49.3) 0.646
Body mass index (kg/m2), mean (SD) 29.8 (4.7) 29.6 (4.3) 0.627
Comorbidities, mean (SD) 1.2 (1.0) 1.0 (0.9) 0.002
Sleep apnea syndrome, n (%) 5 (3.2) 28 (4.7) 0.419
Controlled hypertension, n (%) 52 (33.3) 259 (43.5) 0.022
No. antihypertensive drugs, mean (SD) 1.5 (0.8) 1.9 (0.9) <0.001
Sleep duration (h/day), mean (SD) 6.7 (1.5) 6.9 (1.4) 0.032
Poor sleep quality, n (%) 66 (42.3) 212 (35.6) 0.121
Usual sleeping pills consumption, n (%) 38 (24.4) 86 (14.4) 0.003

SD, standard deviation.

Table 3 Association between baseline sleep characteristics and the increase in antihypertensive drugs in 2008–2013

Increase of antihypertensive drugs between 2008 and 2013

Baseline sleep characteristics Model 1 Model 2 Model 3

Odds ratio (95% CI) P Odds ratio (95% CI) P Odds ratio (95% CI) P

Sleep duration (h/day) 0.88 (0.77–1.01) 0.077 0.87 (0.77–1.02) 0.086 0.91 (0.78–1.05) 0.185
Sleep quality (poor vs good) 1.02 (0.68–1.53) 0.911 1.03 (0.68–1.56) 0.879 1.07 (0.69–1.65) 0.769
Sleeping pills (usual vs unusual) 1.86 (1.16–2.98) 0.010 1.88 (1.16–3.04) 0.010 1.85 (1.12–3.07) 0.017

Model 1: Logistic regression model adjusted for age, sex and level of education; plus mutually adjusted for the other sleep characteristics. CI, confi-
dence interval. Model 2: Logistic regression model adjusted as model 1 plus additionally adjusted for non-excessive drinking, energy intake, Medi-
terranean diet, potassium intake, sodium intake, body mass index and time dedicated to activities (walking, cycling/doing sport, gardening/DIY,
housework, watching TV, playing PC, traveling by bus, reading, listening to music, having breakfast, lunch, dinner and napping). Model 3: Logistic
regression model adjusted as model 2 plus additionally adjusted for number of comorbidities, sleep apnea syndrome, number of baseline antihyper-
tensive drugs and control of hypertension in 2008 and 2013. Covariates were modeled as continuous except education (≤primary, secondary or uni-
versity), non-excessive drinking (yes/no), sleep apnea (yes/no) and control of hypertension (yes/no).

Sleep and antihypertensive treatment
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from a clinical viewpoint is not just the association between
sleeping pill use and future need of antihypertensive drugs, but
the importance of taking “sleeping pill use” as a “warning indica-
tor” to investigate the underlying sleep disorders or unhealthy life-
styles. However, further studies are required to confirm this
association and elucidate underlying mechanisms. These findings
are important given that one in five older people in the present
study increased their antihypertensive treatments during the
follow-up period, and it is known that the greater the number of
medications patients take, the higher the risk of inadequate medi-
cations, adverse reactions and lower treatment adherence.21
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