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1  | INTRODUCTION

Patients with hypertension have been found to be more susceptible 
to various cardiovascular diseases including stroke and coronary heart 
diseases.1,2 Adequate sleep duration not only maintains body function, 
but also prevents adverse cardiovascular outcomes. For instance, in-
adequate sleep has been associated with hypertension3 and mortality 
from cardiovascular diseases.4 Apart from sleep duration, sleep quality 
is another important aspect of sleep, but its relationship with cardio-
vascular outcomes has received little attention.

One possible reason underlying the paucity of studies on sleep 
quality concerns its complicated conceptualization. Sleep quality is a 
composite of sleep indexes, including sleep duration and presence of 
sleep problems, which can be measured objectively (eg, polysomnog-
raphy or actigraphy) or subjectively (eg, sleep diaries or self-reported 
surveys).5 Objective sleep quality is categorized into a set of indexes 
including awakenings, amount and percentage of sleep stages, rapid 
eye movement latency, number of apneas or hypopneas, and periodic 
movements of sleep.5 Despite their precision in measurement, the ob-
jective indexes are not consolidated into a global sleep-quality index 
based on their relative importance.6

Although sleep measures resemble objective sleep indexes (eg, 
awakenings during sleep and sleep disturbances), the subjective sleep 

quality refers to the retrospective appraisal of the sleep experience 
as recalled by the individual, which can be summarized into a global 
sleep status.5 For instance, the Pittsburgh Sleep Quality Index (PSQI) 
encompasses sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medications, and daytime dysfunc-
tion in the previous month.7 The PSQI is a popular and clinically ac-
cepted instrument of choice because of its high internal consistency 
(α = 0.83), test-retest reliability (r = .85),7 and moderate structural va-
lidity identifying patients with poor sleep quality in both clinical and 
nonclinical populations (a global score >5 of 21).8 Several reviews have 
assessed the association between PSQI-measured sleep quality and 
health outcomes including obesity9 and glycemic control.10

Studies conducted in Asia11 and Europe12,13 have suggested that poor 
subjective sleep quality is associated with significantly higher odds ratios 
(ORs) of hypertension. Poor sleep has also been associated with signifi-
cantly higher levels of systolic blood pressure (SBP) and/or diastolic blood 
pressure (DBP) in Asian14,15 and European studies.16,17 Nevertheless, the 
existing body of evidence is not entirely consistent, as insignificant asso-
ciations between poor sleep and blood pressure (BP) have been found 
across different study regions, such as the American continent18,19 and 
Africa.20 This observation indicates that the relationship between sleep 
quality and hypertension may vary across continents. In addition, sev-
eral studies have revealed that patients with hypertension have higher 
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global PSQI scores (indicative of poorer sleep quality) than patients with 
normotension.14,20

Apart from its association with BP, poor sleep quality may be associ-
ated with the dipping pattern of BP. For a healthy patient, there is at least 
a 10% reduction in nocturnal BP as compared with daytime BP; such 
a patient is characterized as a “dipper.”21 “Nondippers” demonstrate an 
increased activity in the sympathetic nervous system and a decreased 
activity in the parasympathetic nervous system, which probably explains 
the higher nocturnal BP.22 Nondipping BP is associated with higher risk 
for cardiorenal organ damage such as left ventricular hypertrophy and 
cerebrovascular diseases.23 Poor sleep quality may be associated with 
nondipping patterns through their disruption of the circadian rhythm.24 
This association is supported by previous research reporting higher 
PSQI global scores for nondippers than dippers.25,26 However, no meta-
analysis has been conducted to summarize these findings.

Current evidence suggests a potential association between poor 
subjective sleep quality and hypertension, but it has not been verified 
through a systematic approach. The primary aims of the present sys-
tematic review and meta-analysis are to summarize current evidence 
and to determine whether poor subjective sleep quality is associated 
with elevated BP. The secondary aim is to examine whether the asso-
ciations differ by geographic regions.

2  | METHODS

2.1 | Search strategy

Multiple databases were used for the present review, namely Medline 
(1946 to present), Embase (1974 to 2016 week 44), Ovid Nursing Database 
(1946 to October week 3 2016), and PsycINFO (1806 to October week 4 
2016). The search period was from inception to October 2016. Detailed 
keywords for literature search are outlined in the Supporting Information. 
Search terms included a combination of synonyms of “sleep quality,”9 
“hypertension,”3 and “blood pressure”3 as adapted from relevant review 
articles.3,9 All articles with English abstracts were assessed.

2.2 | Study inclusion criteria

•	 Primary studies with a cross-sectional, prospective, or retrospective 
design

•	 Studies that examined sleep quality with a self-reported 
questionnaire

•	 Studies that defined hypertension with criterion or guidelines or 
studies that assessed SBP and/or DBP

•	 All human participants

2.3 | Study exclusion criteria

•	 Literature reviews, intervention studies, letters, or abstracts from 
conference proceedings

•	 Articles without an abstract or full text in English.

2.4 | Study selection

Initial screening on the titles and abstracts was independently con-
ducted by two reviewers (KL and BW) using the aforementioned in-
clusion/exclusion criteria. Full texts of relevant articles were obtained, 
and their eligibility independently determined by the said reviewers. 
Discrepancies were solved by discussion and mediated by a third re-
viewer (WT).

2.5 | Exposures and outcomes

The exposures and outcomes of the present review included sub-
jective sleep quality, hypertension, and levels and dipping of BP, as 
both hypertension and sleep quality were designated as outcomes 
in previous studies. Studies entailing the use of self-reported sleep 
quality tools or predefined categories of sleep quality were included 
in the review. Studies that included hypertension as an exposure/
outcome and provided specific criteria or guidelines defining it were 
also included. For studies that assessed BP, objective measure-
ment methods such as the use of sphygmomanometers had to be 
reported. For studies examining BP dipping, they would be included 
if clear definitions were given to differentiate between dippers and 
nondippers.

2.6 | Data extraction and quality assessments

For each included study, the study characteristics were indepen-
dently extracted by two reviewers (KL and BW), namely the country 
where the study was conducted, study design, health status, age and 
number of participants, and references used to define hypertension 
or the dipping pattern of BP, by using a standard data extraction form 
created in Covidence (https://www.covidence.org/), an online plat-
form that facilitates the preparation of systematic reviews and meta-
analyses. The effect measures, such as the mean difference, OR, and 
regression coefficients, and their standard errors were extracted from 
the articles. Where regression coefficients adjusted for covariates 
were provided by the articles, adjusted values were preferred. The 
types of adjusted variables were also extracted. Outcomes without 
sufficient information for conducting meta-analysis were described 
in a narrative fashion.

The methodological quality of the included studies was as-
sessed by critical appraisal tools proposed by the Joanna Briggs 
Institute.27 The tools were tailored for various study designs, and 
the checklists for cross-sectional (8 items), case-control (10 items), 
and cohort studies (11 items) were used in the present review. The 
checklists assessed the possibility of bias in the design, conduct, 
and analysis of each study type. The ratings of each item were “yes” 
(low risk of bias), “no” (high risk of bias), and “unclear” (information 
inadequate for judgment). The percentage of items rated as “yes” 
for each included study was computed as a measure of the study 
quality.

https://www.covidence.org/
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2.7 | Statistical analysis

The statistical analysis was divided into three components: the asso-
ciations between: (1) sleep quality and hypertension; (2) sleep quality 
and BP; and (3) hypertension and dipping BP on sleep quality. The OR 
and mean difference were, respectively, used as the effect measure 
for binary and continuous outcomes. If BP was measured at multi-
ple time points within the same day, the average value over 24 hours 
was computed. Random effects models using the inversed variance 
approach were used to pool the estimates from individual studies be-
cause of the varying population and criteria used to define outcomes. 
The results were summarized using forest plots. I2 was used to assess 
the heterogeneity, with an I2 between 50% and 90% possibly repre-
senting substantial heterogeneity.28

Subgroup analysis was conducted to examine whether the hetero-
geneity of studies could be explained by the regional difference where 
the regions of studies were classified in terms of continents, such as 
America and Asia. Publication bias was examined by funnel plots and 
tested statistically by the Egger test if a particular outcome included at 

least 10 studies, as recommended by the Cochrane handbook.28 The 
“trim-and-fill” method was performed when publication bias (P value 
of the Egger test <0.1) was detected.29 The use of this method cor-
rected the meta-analysis parameters by trimming the studies that con-
tributed to the asymmetry of the funnel plot.30 Sensitivity analysis was 
conducted by removing studies that either did not assess sleep quality 
by the PSQI or included patients with diagnosed diseases other than 
hypertension (eg, type 2 diabetes mellitus). All meta-analyses, forest 
plots, and funnel plots were performed by Review Manager 5.2, while 
the Egger test and trim-and-fill method were conducted by STATA 
11.0 (StataCorp).

3  | RESULTS

3.1 | Study selection

The literature search identified 5392 references, of which 1671 du-
plicates were removed. After screening the titles and abstracts, 41 
articles were found to be potentially suitable, for which the full texts 

F IGURE  1 Study selection
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were retrieved. Finally, upon full-text evaluation, 29 articles were 
included in this systematic review, of which 22 contained sufficient 
data for meta-analysis and the remaining seven are presented narra-
tively. Reasons for exclusion in each stage of the search are provided 
in Figure 1.

3.2 | Included articles

The characteristics and outcome definitions of the 29 studies from an 
aggregate of 45 041 patients are described in the Table. There were 
26 cross-sectional studies, one cohort study, and two case-control 
studies, all published between 2007 and 2016. A total of seven stud-
ies were conducted in Asia (16 716 patients), 14 in Europe (13 663 
patients), six in the American continent (14 202 patients), one in 
Australia (206 patients), and one in Africa (254 patients). The PSQI is 
the most popular measure for sleep quality among the included stud-
ies (25 of 29 articles). The methodological quality of the studies ranged 
from 37.5% to 100%. The adjusted variables of studies conducting re-
gression analyses are also described in the Table. Commonly adjusted 
variables included sex, age, BMI, diabetic status, and/or smoking hab-
its. However, some variables were adjusted in fewer studies, such as 
mental health status11,12 and drug use.12,31

3.3 | Sleep quality on hypertension

In eight of the included articles (Figure 2), poor sleep quality was sig-
nificantly associated with a greater likelihood of hypertension (OR, 
1.48; 95% confidence interval [CI], 1.13–1.95 [I2 = 87%]).

When stratified by continents, a significant positive association 
was discerned between poor sleep quality and hypertension in Asia 
(OR, 1.81; 95% CI, 1.35–2.42) but not Europe (OR, 1.38; 95% CI, 
0.92–2.06).

Heterogeneity decreased in all continents (I2 = 73% in Asia and 
60% and Europe), but remained substantially present (between 50% 
and 90%).28

Upon exclusion of studies that did not assess sleep quality by the 
PSQI,18,31 the significant association persisted between poor sleep 
quality and hypertension (OR, 1.72; 95% CI, 1.29–2.31 [I2 = 71%]). 
None of the included studies involved patients with medical diagnoses 
apart from hypertension.

3.4 | Sleep quality on BP

A total of 11 studies assessed the association between sleep quality 
and SBP (Figure 3), while 10 studies assessed DBP (Figure 4). Although 
poor sleepers had higher SBP (mean difference, 4.37; 95% CI, −0.69 
to 9.42 [I2 = 96%]) and DBP (mean difference, 1.25; 95% CI, −1.20 to 
3.70 [I2 = 82%]), the difference was not statistically significant.

When stratified by continents, the association between poor sleep 
quality and SBP or DBP remained statistically insignificant for all con-
tinents. Heterogeneity remained high (over 70%) in studies from all 
continents for both outcomes and did not demonstrate any significant 
difference. All analyzed studies assessed the sleep quality by the PSQI.

Upon exclusion of studies that included patients with diabetes 
mellitus,15–17 urinary tract infections,32 and chronic kidney diseases,19 
the association between poor sleep quality and SBP (mean differ-
ence, 3.99; 95% CI, −3.88 to 11.86 [I2 = 98%]) or DBP (mean differ-
ence, 1.23; 95% CI, −2.28 to 4.74 [I2 = 95%]) remained statistically 
insignificant and highly heterogeneous.

3.5 | Hypertension/dipping on sleep quality

The difference in sleep quality scores between patients with hyper-
tension and those with normotension was examined in five studies 
(Figure 5), while that between dippers and nondippers was examined 
in seven studies (Figure 6). The PSQI was the only scale used for 
sleep quality assessment. Patients with hypertension attained signifi-
cantly higher PSQI scores (mean difference, 1.51; 95% CI, 1.00–2.02 
[I2 = 64%]), indicating poorer sleep quality, whereas dippers attained 
significantly lower scores (mean difference, −1.67; 95% CI, −2.43 to 
−0.91 [I2 = 41%]), indicating better sleep quality.

When stratified by continents, Asian (mean difference, 1.04; 
95% CI, 0.16–1.93) and European studies (mean difference, 2.33; 
95% CI, 1.22–3.44) revealed poorer sleep quality for patients with 
hypertension than those with normotension. In European (mean dif-
ference, −1.71; 95% CI, −2.88 to −0.55) and American (mean differ-
ence, −2.17; 95% CI, −4.15 to −0.19) studies, dippers demonstrated 
better sleep quality than nondippers. No heterogeneity (I2 = 0%) was 
found among European studies that examined the influence of hy-
pertension on sleep quality and American studies that assessed the 
influence of BP dipping on sleep quality. All analyzed studies assessed 
sleep quality by the PSQI.

Upon exclusion of studies that recruited patients with posttrau-
matic stress disorder and/or depression,33 dippers were still found 
to have better sleep quality than nondippers with low heterogeneity 
(mean difference, −1.57; 95% CI, −2.37 to −0.77 [I2 = 45%]). No stud-
ies were included for the analysis on the difference in sleep quality 
between patients with hypertension and those with normotension.

3.6 | Publication bias

Since only the analysis on the difference of SBP (Figure 3) and DBP 
(Figure 4) between poor and normal/good sleepers included at least 
10 studies, publication bias was assessed for these two outcomes. 
The funnel plots were not perfectly symmetrical, which suggests 
publication bias (Figures S1 and S2). The Egger test demonstrated 
potential publication bias for the meta-analysis of SBP (P = .06) and 
DBP (P = .07). However, after performing the trim-and-fill method, 
no nonsymmetric study was identified, so the results of meta-analysis 
remained the same.

3.7 | Studies not included in meta-analysis

Of the 29 eligible articles, seven were not included in the meta-
analysis, whose results are presented herein narratively. Narang 
and colleagues34 assessed sleep quality using a self-developed sleep 
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disturbance scale, with higher scores reflecting worse sleep quality. 
The results showed that patients with the highest tertile of sleep 
disturbance scores had significantly higher odds of hypertension 
(OR, 1.44; 95% CI, 1.00–1.64) than those with the lowest tertile.

As for the relationship between sleep quality and BP, Jackowska 
and associates35 conducted correlation analysis between BP and PSQI 
scores among 119 healthy women in the United Kingdom, but nei-
ther SBP nor DBP demonstrated any significant correlation with sleep 
quality. Henskens and reasearchers36 investigated whether subjective 
sleep disturbances during overnight BP monitoring resulted in higher 
nighttime BP readings of patients with untreated hypertension. The 
results showed that participants whose subjective sleep quality was 
lower on the second ambulatory BP monitoring (ABPM) than the first 
ABPM exhibited higher nocturnal BP levels than their counterparts 
with a similar sleep quality for both ABPM measurements. From the 
regression analysis performed by Berentzen and colleagues,37,38 sleep 
quality did not have any significant prospective association with SBP 
and DBP in both sexes but was associated with SBP and DBP dipping.

Senthil and coworkers39,40 studied the potential mechanism 
through which elevated BP could interfere with PSQI scores. Senthil 
and colleagues39 did not find significant differences in sleep qual-
ity between patients with systolic prehypertension and those with 
normotension, but those with diastolic prehypertension exhibited 
significantly lower PSQI scores. Moreover, Elliott and associates40 

ascertained that poor sleep quality was significantly correlated with 
higher SBP and DBP values.

4  | DISCUSSION

In the present review, a positive association between poor sleep qual-
ity and the presence of hypertension is observed. The average values 
of SBP and DBP are higher for poor sleepers, although the difference 
does not reach statistical significance. Two reasons can potentially 
explain the insignificant association between sleep quality and BP. 
First, only two studies examined both BP and the likelihood of hy-
pertension.41,42 Although the outcomes were similar, the studies were 
not identical in the meta-analyses. Second, the studies examining the 
risk of hypertension involved 36 971 participants, whereas those as-
sessing the SBP and DBP involved only 8726 and 8687 participants, 
respectively. The smaller sample size might have been insufficient for 
the detection of statistically significant results.

Despite the insignificant difference in BP between normal and 
poor sleepers, the results from the meta-analysis are generally in 
agreement with those in the literature. Some measurements of ob-
jective sleep quality have been positively associated with the likeli-
hood of hypertension, such as lower sleep efficiency (being asleep 
for less than 85% of the time in bed),43 higher beta power during 

F IGURE  2 Forest plot for sleep quality and hypertension. CI indicates confidence interval; SD, standard deviation
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nonrapid eye movement sleep,44 and decreased slow-wave sleep.45 
Some studies not included in the meta-analysis demonstrated the 
significant influence exerted by poor sleep quality on the presence 
of hypertension34 and levels of BP,40 and the effect of hypertension 
on sleep quality.39 The above results imply that poor sleep qual-
ity leads to significant influence on the presence of hypertension. 
Apart from longer sleep duration, greater sleep hygiene and better 
sleep quality warrant the attention of scholars and health promotion 
practitioners.

In addition to the significant association between poor sleep and 
hypertension, patients with hypertension and nondippers have been 
found to exhibit worse sleep quality. The relationship between sleep-
disordered breathing, hypertension, and dipping in BP may account 
for the observation. Two large prospective cohort studies demon-
strated that sleep-disordered breathing increased the risk of hyper-
tension after adjusting for anthropometric measurements and lifestyle 
factors.46,47 Meanwhile, obstructive sleep apnea as a prevalent sleep 
disorder might increase BP variability and lessen nocturnal dipping 
by altering neuroendocrine control.48 As for poor sleep quality and 
nondipping BP, the direction of association is unlikely to be reversed. 
Physiologically, poor sleep quality may disrupt the circadian rhythm, 
leading to nondipping BP.24

As demonstrated by the sensitivity analysis, the magnitude of the 
effect and heterogeneity of the results remained the same upon re-
moval of studies that did not assess sleep quality by the PSQI and of 
those that included patients with diagnosed diseases other than hy-
pertension. Although some studies included did not assess sleep qual-
ity by the PSQI or the participants were not recruited from the general 
population, the overall findings of the present review were not altered.

Heterogeneity is high in the majority of the analyzed outcomes, 
which can be explained partly by regional differences in some out-
comes, including the association between poor sleep and hyperten-
sion and the sleep quality scores of patients with and those without 
hypertension. However, other outcomes remained highly heteroge-
neous after subgroup analysis by regions. The numbers of participants 
included in Asia, Europe, and America were similar, so it is unlikely 
that the heterogeneity originated from large-scale studies in any one 
particular continent. The varieties of the clinical characteristics of the 
included studies and of the sleep assessment tools might account for 
the heterogeneity. However, in the present study, the meta-analysis 
that included only the general population or used the PSQI as an 
assessment tool remained far too heterogeneous. The high I-square 
value implies the varieties of the clinical characteristics and of the 
assessment methods. Another possible reason is the differences in 

F IGURE  3 Forest plot for sleep quality and systolic blood pressure. CI indicates confidence interval; SD, standard deviation
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adjustments of regression analysis across studies. However, as pre-
viously described, many of the adjusted variables were similar across 
studies, including sex, age, body mass index, diabetic status, and/or 
smoking habits. Accordingly, it was unlikely for the heterogeneity to 
have originated from the difference in the adjustment methods.

The PSQI was the prominent sleep quality measurement in the 
present review, as is similar to the observation in previous reviews 
on sleep quality.9,10 Only four of the included studies did not assess 
sleep quality by the PSQI.18,31,36,37 Among these, three studies ac-
quired the frequency of sleep problems and/or daytime outcomes, 
including short sleep,18 difficulties in falling asleep,31 and difficul-
ties in awakening.37 The remaining one study by Henskens and col-
leagues36 assessed sleep quality by the Groningen Sleep Quality 
Scale, which transformed the frequency of sleep disturbance into 
scores and provided definite cutoff points for poor sleep quality. 
Although different assessment tools were used, sleep disturbance, 
sleep duration, and daytime outcomes were the common constructs 
of sleep quality, which match with the seven components of the 
PSQI.

As mentioned, the PSQI is a reliable and valid instrument, the 
results of which can be interpreted easily. As revealed in previous 
studies, the PSQI global score had moderate associations with some 

objective sleep-quality indexes including Polysomnography sleep 
maintenance, sleep efficiency, and microarousal index.8 Although it 
entails some subjectivity, the PSQI is a more convenient method to 
identify poor sleep quality in practice than the objective but pro-
hibitively expensive methods such as polysomnography. The finding 
of our study lends evidence to its potential as a screening tool in 
both self-assessments and clinical settings. Poor sleep quality and 
the presence of cardiovascular events can be further confirmed by 
sophisticated assessments.

The quality of the methodologies for the included studies varies, 
but only a few of them (5 of 29) scored ≤50%.20,35,39,49,50 The study 
with the lowest rating (37.5%) was not included in the meta-analysis, 
while the number of participants of the other four studies was 541, 
which accounted for only 1.20% of the total patients included in the 
present review only. Therefore, the quality of the methodologies does 
not have a significant impact on the validity of the results.

5  | STUDY STRENGTHS AND LIMITATIONS

The major strength of the present meta-analysis lies in quantifying the 
influence of poor sleep quality on the presence of hypertension and the 

F IGURE  4 Forest plot for sleep quality and diastolic blood pressure. CI indicates confidence interval; SD, standard deviation
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levels and dipping pattern of BP, which covers various populations in 
the world with reasonably large sample sizes. Nonetheless, several limi-
tations should be addressed. First of all, the present study included only 
articles written in English, wherein eligible studies published in other 

languages might have been overlooked. Nevertheless, the geographi-
cal regions of interest in the included articles were evenly distributed 
throughout different continents. The language restriction is not a major 
flaw in the present literature search. In addition, the present review did 

F IGURE  5 Forest plot for sleep quality scores between patients with and without hypertension. CI indicates confidence interval; SD, 
standard deviation 

F IGURE  6 Forest plot for sleep quality scores between dippers and nondippers. CI indicates confidence interval; SD, standard deviation
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not include studies that assessed objective sleep quality, so the utility 
of subjective sleep quality in assessing the risk of hypertension cannot 
be compared with that of objective sleep quality. Moreover, despite 
the predominance of the PSQI in assessing subjective sleep quality, 
only two of the 29 included articles reported how the PSQI subscales 
might associate with hypertension.11,14 Last, the heterogeneity of the 
analyzed outcomes was high, despite the use of consistent methods 
of measurement for sleep quality and BP for most studies. Although 
the Egger test found the evidence of publication bias, the main findings 
were not altered by asymmetrical studies as shown in the trim-and-fill 
analysis.

In the present meta-analysis, 26 of the 29 included studies were 
cross-sectional; only the data of the cohort studies could not be in-
cluded in the meta-analysis.37 Although cohort studies have some 
protection from bias related to reverse causation, the cross-sectional 
studies do not have such protection. Although the significant asso-
ciation found between poor sleep quality on BP has been supported 
by physiological evidence, the direction of the association remains to 
be confirmed. Accordingly, prospective cohort studies should be con-
ducted to elucidate the temporal relationships. The PSQI is a recom-
mended instrument because of its reliability and validity in sleep quality 
assessment.

6  | CONCLUSIONS

Although it is not significantly associated with BP, poor subjective 
sleep quality has a significant association with an elevated risk of hy-
pertension. Patients with hypertension and nondippers demonstrated 
significantly poorer subjective sleep quality. The findings suggest a re-
lationship between sleep quality and the prevalence of hypertension, 
instead of one between sleep duration alone and its prevalence. The 
direction of the association between sleep quality and hypertension 
needs to be verified by larger-scale cohort studies, and the PSQI is a 
recommended tool for sleep quality assessment. The general popula-
tion can use the PSQI as a self-assessment tool for identifying the 
presence of adverse BP levels.
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