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a b s t r a c t

Objectives: We aimed to determine the relationship between sleep quality and treatment-resistant
hypertension (RH).
Methods: In our cross-sectional cohort study, 270 consecutive essential hypertensive patients were
recruited at the Outpatient Hypertension Unit, University of Pisa, Italy. The Pittsburgh Sleep Quality Index
(PSQI), Beck Depression Inventory (BDI), and State-Trait Anxiety Inventory (STAI-Y2) were administered
to all subjects. RH was defined as office blood pressure (BP) >140/90 mmHg with three or more antihy-
pertensive drugs or controlled BP with four or more drugs. Poor sleep quality was defined as PSQI >5,
depressive symptoms as BDI >10, and trait anxiety as STAI-Y2 >40. Patients with other sleep disorders
were excluded.
Results: Complete data were available for 222 patients (50.9% men; mean age, 56.6 ± 12.5 y; RH, 14.9%).
Poor sleep quality had a prevalence of 38.2% in the overall population. RH was associated with poor sleep
quality, increased sleep latency and reduced sleep efficiency. No significant relationship was found
between RH and short sleep duration or depressive symptoms and trait anxiety. Poor sleep quality
was more prevalent in resistant vs nonresistant hypertensive women (70.6% vs 40.2%; P = .02) but not
in resistant vs nonresistant men (43.8% vs 29.2%; P = .24). In women poor sleep quality was an indepen-
dent predictor of RH, even after adjustment for cardiovascular and psychiatric comorbidities (odds ratio
[OR], 5.3 [confidence interval {CI}, 1.1–27.6), explaining 4.7% of its variance. In men age, diabetes mellitus
(DM), and obesity were the only variables associated with RH.
Conclusions: Poor sleep quality is significantly associated with resistance to treatment in hypertensive
women, independent of cardiovascular and psychiatric confounders.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

There is growing evidence of a relationship between sleep dis-
orders and cardiovascular disease. In particular, sleep disorders
are linked through several pathophysiologic mechanisms to car-
diovascular risk factors, such as hypertension, diabetes mellitus
(DM), and obesity, thus increasing the incidence of cardiovascular
events [1,2]. This relationship is well-established for obstructive
sleep apnea syndrome (OSAS) [3], but it also has been suggested
for other sleep disorders such as insomnia and short sleep duration
[4]. Indeed both insomnia and short sleep duration have been asso-
ciated with increased prevalence and incidence of hypertension

and cardiovascular events [4–7]. In a cross-sectional population-
based study, insomnia and short sleep duration were indepen-
dently associated with a higher prevalence of hypertension, which
further increased in the presence of both conditions [8]. Prospec-
tive studies also provided evidence of increased incidence of
new-onset hypertension in subjects with insomnia or short sleep
duration [5,6], though the relationship was attenuated or nonsig-
nificant after considering confounding factors [4]. The question of
causality between disordered sleep and cardiovascular disease is
obscured by the fact that a variety of cardiovascular risk factors
and psychiatric disorders might simultaneously contribute to both
insomnia and hypertension [9–11], making it difficult to unravel if
an independent cause-effect relationship that exists between these
two conditions. Furthermore, the relationship appears to be gen-
der-specific, being more prevalent in women than in men [12].

The role of global sleep quality in hypertension severity is even
less established. In particular, the condition of resistant hyperten-
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sion (RH) is of interest, as it identifies a nonnegligible percentage of
patients with a more severe form of hypertension, higher cardio-
vascular risk, and negative prognosis [13].

Thus we hypothesized that poor sleep quality or short sleep
duration might be associated with increased hypertension severity.
Accordingly, the aim of our study was to investigate the prevalence
and features of poor sleep quality in a population of patients
accessing a Hypertension Outpatient Unit for the first time, to as-
sess if RH is associated with poor sleep quality or short sleep dura-
tion. Moreover, the role of gender and cardiovascular and
psychiatric comorbidities in the relationship between RH and sleep
quality also was evaluated.

2. Methods

2.1. Patients

Starting in May 2011, 270 consecutive patients attending their
first visit to the Hypertension Outpatient Unit of the University
Hospital of Pisa, Italy were enrolled. Inclusion criteria were age
of >18 years, written informed consent, and diagnosis of essential
arterial hypertension according to current guidelines [14]. Criteria
of exclusion were: known or suspected (according to clinical judg-
ment) secondary hypertension, including drug-induced hyperten-
sion; hypertension in pregnancy; previous diagnosis of OSAS or
restless legs syndrome (RLS); severe chronic heart failure or hepa-
tic insufficiency; end-stage renal disease; and active neoplastic dis-
ease. On the basis of these inclusion and exclusion criteria, 436
patients were screened to enroll 270 patients, with a rate of accep-
tance of 61.9%. Furthermore, patients with a score of 1 or more on
item 10 of the Pittsburgh Sleep Quality Index (PSQI), regarding self-
reported symptoms or symptoms reported by the patient’s room-
mate that were compatible with OSAS or RLS (i.e., snoring), were
excluded from the analysis after enrollment.

The study conformed to the Declaration of Helsinki and was ap-
proved by the local Ethical Committee. All patients provided writ-
ten informed consent prior to entering the study.

2.2. Measurements

After enrollment, patients were asked to come to the Hyperten-
sion Outpatient Unit after an overnight fasting period. A blood
sample was drawn for routine examination (e.g., lipid profile, blood
fasting glucose, serum creatinine, urinalysis), determined accord-
ing to standard laboratory procedures. Hypercholesterolemia and
DM were defined according to current guidelines [15,16] or in
the presence of current lipid-lowering or glucose-lowering treat-
ment, respectively. Glomerular filtration rate was estimated using
the Modification of Diet in Renal Disease formula, and chronic kid-
ney disease was defined as glomerular filtration rate <60 mL/min/
1.73 m2.

Office blood pressure (BP) was measured at the brachial level in
the sitting position by a trained physician, with the patients resting
for at least 10 min under quiet environmental conditions. BP mea-
surement was repeated at least three times at 2-min intervals
using an automatic oscillometric device (OMRON-705IT, Omron
Corporation, Kyoto, Japan). Average BP was then calculated for
the last two measurements. On this basis of these measurements,
RH was defined as office BP >140/90 mmHg with three or more
antihypertensive drugs or controlled BP with four or more drugs,
including a diuretic, according to current guidelines [13,14].
Weight and height were measured and a complete clinical exami-
nation was performed; obesity was defined as a body mass index
(BMI) >30 kg/m2.

Medical and pharmacologic history was recorded to identify
cardiovascular risk factors and disease. Habitual physical activity
was defined as brisk walking or sports activities for at least 1 h
per week. Current use of cardiovascular and psychiatric drugs also
was recorded.

2.3. Questionnaires

2.3.1. Pittsburgh Sleep Quality Index
The PSQI is a widely used, self-rated, standardized question-

naire assessing sleep quality in the previous month [17]. The 19
questions are grouped in seven component scores, each exploring
a different sleep feature; the sum yields a global PSQI score used
to define poor sleep quality when >5. On the basis of the sleep
duration component of the PSQI score, self-reported short sleep
duration was defined as <6 h of sleep per night. The following
PSQI-derived data also were analyzed: increased sleep latency
(>30 min), reduced sleep efficiency (<85%), sleep disturbance
(sleep disturbances component score >1), and daytime dysfunction
due to sleepiness (daytime dysfunction component score >1).

2.3.2. Beck Depression Inventory
To consider the frequent comorbidity of sleep disorders with

depression, the Beck Depression Inventory (BDI) was administered.
The BDI is a 21-question inventory for self-assessment and is one
of the most widely used instruments for measuring the severity
of depression. The presence of depressive symptoms was defined
with a BDI score >10 [18,19].

2.3.3. State-Trait Anxiety Inventory
To consider the frequent comorbidity of sleep disorders with

anxiety, trait anxiety was assessed using the State-Trait Anxiety
Inventory (STAI-Y2) and was defined as a score >40 [20].

2.4. Statistical analysis

Statistical analysis was performed using NCSS 2008 (NCSS:
Kaysville, Utah, USA). For normally distributed data, results were
expressed as mean ± standard deviation (SD), whereas median va-
lue and 25% to 75% interquartile range were used for abnormally
distributed data. Differences in means between groups were ana-
lyzed using analysis of variance for normally distributed variables
or the Kruskal–Wallis z test for abnormally distributed variables;
categorical variables were analyzed using the v2 test. Question-
naire results and cardiovascular risk factors were expressed as bin-
ary discrete variables to build multiple logistic regression models
including RH as a dependent variable. We analyzed the effects of
age, gender, and of a panel of cardiovascular (e.g., previous cardio-
vascular events, DM, obesity) and psychiatric comorbidities (e.g.,
psychiatric medications use, depressive symptoms, anxiety) as
well as of short sleep duration, chosen according to a significant
association with RH in our population or in previous studies.
Chronic kidney disease was not inserted in the model, despite sig-
nificant association with RH for high collinearity correlation with
DM. For the same reason, menopause status could not be consid-
ered as a confounding factor (resistant hypertensive women were
100% in postmenopause). The analysis was then stratified by
gender.

3. Results

Among the 270 patients enrolled, those with self-reported (or
reported by roommate) sleep apneas, snoring, and leg restlessness
(n = 35) or with incomplete data (n = 13) were excluded. The final
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