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Objective: To explore the relationship of subjective sleep quality with blood pressure (BP)
and hypertension by considering the influence of sleep disordered breathing (SDB) and age
in the general population.

Methods: We evaluated sleep quality using the Pittsburgh sleep quality index (PSQI) and
SDB using NoSAS score and measured BP in randomly selected adults in China in 2019.
Sleep quality is categorized into four groups as very good, fairly good, fairly bad and
very bad. SDB is defined as NoSAS score >8. Hypertension is defined as systolic BP
>140 mmHg and/or diastolic BP >90 mmHg, and/or use of antihypertensive medicine
within previous 2 weeks. Multi-variable linear and logistic regression analyses were used
to assess the association of global PSQI score and sleep quality with BP and prevalent
hypertension.

Results: In the 33,341 participants (53.4% women, median age: 48 years), prevalence of
hypertension significantly increased from very good to very bad sleepers in total (34.3 vs
42.6 vs 50.3 vs 58.5%), SDB (61.2 vs 68.3 vs 73.3 vs 75.5%) and non-SDB participants
(26.8 vs 33.1 vs 40.1 vs 50.9%). In multiple linear regression, PSQI global score showed
significant positive association with BP levels in total, SDB and non-SDB participants,
consistent in sensitivity analysis by excluding participants who were taking antihyperten-
sives, and in participants aged <60 years in age-stratified analysis. In multivariable
logistic regression, odds ratio for presence of hypertension significantly increased from
very good to very bad sleepers in total (1 vs 1.08 vs 1.22 vs 1.48), SDB (1 vs 1.17 vs
1.35 vs 1.28) and non-SDB participants (I vs 1.05 vs 1.14 vs 1.53), consistent in
participants aged <60 years.

Conclusion: Poor subjective sleep quality is significantly associated with higher BP and
prevalent hypertension, independent of SDB in the young- and middle-aged general popula-
tion, indicating potential of improving sleep quality to lower BP and optimize hypertension
management at population level.
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Introduction
Hypertension is the primary risk factor for morbidity and mortality including
cardiovascular disease (CVD),'” and the number of hypertensives is estimated to
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be 1.56 billion by 2025;* thus improved understanding of
modifiable risk factors is critical for prevention.

Sleep is essential for optimal health and vitality.
Existing evidence suggests that poor sleep quality, per se
a public health issue with a prevalence of 31.8-60% in
adults," ™ is one of the modifiable risk factors for blood
pressure (BP) elevation and hypertension development.

Based on existing literature, only a few studies examined
the effects of objectively and subjectively measured sleep
quality on BP and yielded inconsistent results. Objectively
assessed lower sleep duration and/or efficiency, and poor sub-
jective sleep quality, are associated with higher 24-hour and
diurnal systolic BP (SBP) and higher nocturnal BP in various

8 nonetheless other studies did not

adult community dwellers;’
observe a significant association between subjective poor
sleep quality and BP*'” In terms of hypertension, current
evidence fails to provide conclusive results. Some previous
studies report that poor subjective sleep quality is associated

8,11-13

with prevalent hypertension, whereas others did not find

such an association®!'#1¢

or results are not entirely consistent
across various population groups.'""'> For instance, Bansil
et al. failed to observe such an association among the
American population in National Health and Nutrition
Examination Survey data.'” Liu et al. reported in >9400
Northeastern Chinese that poor sleepers have higher preva-
lence and odds of hypertension,'” whereas Lu et al. in 5461
participants from the Kailuan community observed such an
association in men of all ages, and only in women of young
and middle age."" Though, previous studies are not without
limitations, which may contribute to some explanations for
inconsistencies among studies. Some studies were conducted

9,10 and

15,16

in smaller sample sizes,'" in selected populations,
failed to use well-accepted assessment questionnaires,
and failed to collect data on established factors for parameters
of interest such as lifestyle, physical activity, and mood or
anxiety disorders.**!*!7

Importantly, the effects of sleep disordered breathing
(SDB) on the association of poor sleep quality with BP and
hypertension were not considered®'° or not evaluated sys-
tematically in previous studies. Only a few excluded subjects
with suspected SDB or obstructive sleep apnea (OSA), or
performed sensitivity analysis, using self-determined
standards,'' and self-reported diagnosis.'>'® SDB is an
umbrella term, with a prevalence of 25.8-83.8%'%2! and
with OSA as the most frequent type.”” OSA is the most
common form of secondary causes of hypertension” and
a common risk factor for poor sleep quality. In an analysis

of two distinctive cohorts, there is a considerable association

between shorter sleep duration and higher 24-hour SBP,
of OSA, adults.®
Understanding whether the association between sleep quality

independent in pre-hypertensive
with BP and hypertension is independent of SDB could have
great relevance on disease prevention at population level,
when considering cost-effectiveness of public sleep quality
optimization programs.*

Therefore, this study aimed to explore the relationship
of global score of Pittsburgh sleep quality index (PSQI)
and subjective sleep quality with BP and hypertension in
a sufficient sample from the general population by con-
sidering the influence of SDB and age, since many of the
adverse health effects associated with sleep are suggested
to be end organ effects of hypertension.®*> Age should
also be considered in this process, due to the fact that
prevalence of poor sleep quality (33.8-62.4%) and SDB
(as high as 80%) is higher in the elderly”®*’ and associa-

tion of the two is also inconsistent in this population.®*®

Methods

The ethics committee of People’s Hospital of Xinjiang Uygur
Autonomous Region approved the study protocol, and all the
participants signed informed consent. The study was con-
ducted in accordance with the Declaration of Helsinki.

Site

Emin County, Xinjiang China, is home to a multi-ethnic
population of >160,000, with a high prevalence of risk
disease  such  as

factors for cardiovascular

hypertension.?*-*°

Study Population

In this cross-sectional study, we used a multi-stage strati-
fied sampling method to enroll study participants aged >18
years. At the first stage, Emin county was divided into
three settings as urban, agricultural and stock-raising
areas.’® At the second stage, two corresponding streets or
villages were randomly selected using sample random
sampling (SRS) method. At the third stage, subjects aged
>15 years were selected using SRS method. Inclusion
criteria for the subjects encompassed: 1. Local inhabitants
aged >15 years and residing at current address for >6
months; 2. Agreement to participate and to sign an
informed consent form. Those unable to cooperate due to
mental and/or cognitive problems, and night workers or
pregnant women were excluded. In order to have a higher
response rate, the survey was conducted together with the
annual health check up program.
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Data Collection

Standardized questionnaire were completed for each parti-
cipant, by face-to-face interview with trained investigators
including sociodemographic characteristics (age, gender,
ethnicity, occupation, education, marital status), lifestyle
(cigarette and alcohol consumption), global physical activ-
ity questionnaire (GPAQ), PSQI, No-SAS scale, Zung’s
self rating anxiety and depression scale (SAS, SDS) ques-
tionnaires, and medical histories (hypertension, diabetes,
coronary heart disease and stroke).

Data Collection and Measurements
Height, weight, abdominal circumference and BP were
measured using standard protocols. Body mass index
(BMI) was calculated as weight (kilograms) divided by
square of height (meter). BP was measured three times
with a Professional Portable Blood Pressure Monitor
(OMRON HBP-1300, Kyoto, Japan) on the right arm
positioned at heart level after the participant was sitting
at rest for 5 minutes, with 30 seconds between each
measurement. Participants were asked to avoid exercise,
smoking, alcohol, coffee or tea for at least 30 min before
BP measurement. Average of three values was used.
Fasting venous blood samples were tested for concentra-
tions of serum creatinine, fasting blood glucose (FBG),
triglycerides (TG), total cholesterol (TC), low density
lipoprotein cholesterol (LDL-C), and high-density lipopro-
tein cholesterol (HDL-C).

Definitions

Main variables: Hypertension is defined as SBP >140
mmHg, and/or diastolic BP (DBP) >90 mmHg, and/or
use of anti-hypertensive medicine within 2 weeks.’'
Sleep quality was inquired using the Chinese version of
PSQI, widely used in the Chinese population,®* which
captures subjective sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of
sleeping medication, and daytime dysfunction. Each
domain is given a score of 0 to 3 and then combined for
a total score ranging from 0 to 21. Sleep quality is cate-
gorized into four groups as very good (PSQI score <4),
fairly good (5-9), fairly bad (10-14) and very bad sleep
(>15). SDB is defined as a No-SAS score >8,** which is
validated in the Chinese population.>*

Other variables: Alcohol consumption is defined as
consuming an alcoholic beverage at least once per week
in the past month.*> Cigarette consumption is defined as
participants who have smoked at least 20 packets of

their lifetime and smoke

cigarettes.>> Overweight and obesity is defined as BMI

cigarettes in currently
>25 kg/m>.>® Abdominal obesity is defined as having an
abdominal circumference >90 cm for men and >85 cm for
women.>® Occupation was categorized as manual and
mental work. Education attainment status was categorized
into primary and lower, and junior high and higher.
Anxiety and depressive status are defined as SAS score
>45 (raw score = 36) and SDS score > 50 (raw score =
40).>” Physical activity was assessed using the Chinese
version of GPAQ,”® and divided into two categories
using WHO recommendations on physical activity for
health (>600 Metabolic Equivalent, MET, minutes per
week). Cardiovascular disease is defined as self-reported
medical history of coronary heart disease and stroke.
Diabetes mellitus is defined as FBG >7.0 mmol/L, and/or
self-reported previous diagnosis by physicians and/or
intake of hypoglycemic agents within past 2 weeks.*
Dyslipidemia is defined as TC >6.2 mmol/L and/or TG
>2.3 mmol/L and/or HDL-C <1.0 mmol/L and/or LDL-C
>4.2 mmol/L and/or having received treatment during past
2 weeks.*® Chronic kidney disease is defined as glomerular

filtration rate <60 mL/min/1.73m>.%!

Statistical Analysis

Baseline characteristics were compared between groups
using Pearson y° tests for nominal variables. Prevalence
of hypertension, SBP and DBP were compared among
four sleep quality groups using rank sum test, and
P value was adjusted by Bonferroni method. For the rela-
tionship between PSQI global score with BP, we per-
formed multiple linear regression analysis to estimate the
B-value and the corresponding 95% confidence intervals
(95% CIs) and for the relationship of sleep quality with
presence of hypertension, multivariable logistic regression
to estimate the odds ratios (OR) and the 95% ClIs. The
minimal sufficient adjustment sets were obtained by direc-
ted acyclic graph (DAG) based on causal relationship,*
and a fully adjusted model was performed using variables
which showed significant differences in baseline charac-
teristics between hypertensive and normotensive partici-
pants SDB (present vs not) and age (>60 vs <60 years)
were analyzed as the stratification factors. Sensitivity ana-
lysis was conducted to assess the association of PSQI
global scores with BP by excluding those under anti-
hypertensive therapy.
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Results

Population Characteristics

As shown in Table 1, a total of 33,341 participants (53.4%
women, median age: 48 years) completed the survey and
were grouped by presence of hypertension as hypertension
and normotension groups. Significant differences were
observed between the two groups in all variables except
for anxiety status. Participants in the hypertension group
were more likely to be men (52.8% vs 42.6%), show older
age (55 vs 43 years), and higher BMI (27.0 vs 24.5 kg/m?)
and abdominal circumference (92.1 vs 83.1 cm), compared
with those in the normotension group (P for all <0.001).
Prevalence of poor sleep quality was significantly higher
in participants in the hypertension group than in those in
the normotension group (very good: 51.7% vs 62.7%,
fairly good: 33.0 vs 28.2%, fairly bad: 12.7% vs 7.9%
and very bad: 2.7% vs 1.2%, P for all <0.05). In addition,
prevalence of SDB was also significantly higher in parti-
cipants in the hypertension group than in those from the
normotension group (41.1% vs 13.8%, P<0.001).

Prevalence of Hypertension and BP in
Different Sleep Quality Groups

As shown in Table 2, prevalence of hypertension was
38.8%, and the median SBP and DBP was 123 mmHg
and 79 mmHg in total population. Prevalence of hyperten-
sion increased significantly from very good to very bad
sleep quality groups (very good vs fairly good vs fairly
bad vs very bad: 34.3 vs 42.6 vs 50.3 vs 58.5%) in total, in
SDB (61.2 vs 68.3 vs 73.3 vs 75.5%) and non-SDB (26.8
vs 33.1 vs 40.1 vs 50.9%) participants (P for all <0.001).

Average SBP also showed an increasing trend from
very good to very bad sleepers in total (122 vs 125 vs
129 vs 128 mmHg), and in SDB (134 vs 135/ vs 137 vs
140 mmHg) participants (P for all <0.001).

DAG Results

DAG analysis obtained the minimal sufficient adjustment
sets, which included gender, BMI, abdominal circumfer-
ence, alcohol intake, cigarette consumption, occupation,
education, MET minutes per week, anxiety, depression,
and diabetes (Supplemental Figure 1).

Relationship Between PSQI Global Score

and BP

As shown in Table 3, PSQI global score showed a significant
positive association with both SBP and DBP in total (SBP: B,

95% CI: 0.45, 0.38-0.51; DBP: B, 95% CI: 0.15, 0.11-0.18),
and in non-SDB (SBP B, 95% CI: 0.40, 0.33-0.47; DBP:
0.15, 0.11-0.20) participants, even after adjusting for the
minimal sufficient adjustment sets obtained by DAG (P for
all <0.001, model 1) and showed a marginally positive asso-
ciation only in SDB participants (B, 95% CI: 0.14, 0.00—
0.28, P=0.051). Nonetheless, inclusion of age into the model
diminished the association (model 2). In fully adjusted model
(model 3) of variables with significant difference between
hypertensive and non-hypertensive groups, PSQI global
score was only associated with SBP marginally in total
participants (SBP: B, 95% CI. —0.06, —0.12,0.00, P =
0.061) and significantly in non-SDB participants (SBP: B,
95% CI: -0.09, —0.07,0.01, P = 0.013).

In sensitivity analysis by excluding those under anti-
hypertensive therapy, PSQI global score had a significant
positive association with SBP in total (model 1, 2 and 3),
SDB (model 2 and 3) and non-SDB participants (model 1,
2 and 3) and with DBP in total (model 1, 2 and 3), and in
non-SDB (model 1, 2 and 3) participants.

Given in Table 4, multiple linear regression was per-
formed for further stratification by age. Model 1 was
adjusted for variables obtained using DAG. Model 2 was
adjusted for all the variables with significant differences
between the two groups in Table 1. In the participants aged
<60 years, PSQI global score was also in positive associa-
tion with SBP in total (model 1 and 2), SDB (model 1) and
in non SDB (model 1 and 2) participants, and with DBP in
total (model 1 and 2), and in non-SDB participants (model
1 and 2), whereas not in the participants aged >60 years.

Relationship Between Sleep Quality and

Presence of Hypertension

As shown in Table 5, compared with very good sleepers,
fairly good, fairly bad and very bad sleepers showed signifi-
cantly increased ORs for presence of hypertension in model 1
(OR = 1.34, 1.80 and 2.34), in model 2 further adjusted for
age (OR = 1.08, 1.22 and 1.48) and fully adjusted model 3
(OR = 1.05, 1.14 and 1.30) for total participants; in model 1
(OR = 1.30, 1.51 and 1.53), partly in model 2 (only in fairly
good and fairly bad sleepers, OR = 1.17 and 1.35) and partly
in model 3 (only in fairly good and fairly bad sleepers, OR =
1.12 and 1.27) for SDB participants; and in model 1 (OR =
1.28, 1.71 and 2.44), partly in model 2 (OR = 1.14 and 1.53)
and partly in model 3 (only in very bad sleepers, OR = 1.36)
for non-SDB participants. P for trend was significant in total,
SDB and non-SDB participants.
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Table | Characteristics of Study Participants by Presence of Hypertension
Variables Total Hypertension Normotension P value
N, % 33,341 (100.0) 12,928 (38.8) 20,413 (61.2) -
Gender (men, %) 15,522 (46.6) 6824 (52.8) 8696 (42.6) <0.001
Age (years) 48 (37, 57) 55 (47, 64) 43 (33,51) <0.001
<60 (n, %) 26,646 (79.9) 8238 (63.7) 18,408 (90.2) <0.001
260 (n, %) 6680 (20.0) 4687 (36.6) 1993 (9.8) <0.001
BMI (kg/m?) 25.5 (22.8, 28.3) 27.0 (24.4, 30.0) 24.5 (22.0, 27.3) <0.001
225 kg/m? (n, %) 17,957 (53.9) 8908 (68.9) 9049 (44.3) <0.001
Abdominal circumference (cm) 86.8 (78.3, 95.0) 92.1 (84.5, 99.5) 83.1 (75.5, 91.1) <0.001
Abdominal obesity (n,%) 15,871 (47.6) 8455 (65.4) 7416 (36.3) <0.001
Ethnicity, Han (n,%) 16,320 (48.9) 6577 (50.9) 9743 (47.7) <0.001
Others 17,021 (51.1) 6351 (49.1) 10,670 (52.3) <0.001
Education, < Primary (n,%) 10,638 (31.9) 5376 (41.6) 5262 (25.8) <0.001
2 Junior high 22,703 (68.1) 7552 (58.4) 15,151 (74.2) <0.001
Marital status, married (n,%) 27,233 (81.7) 10,772 (83.6) 16,461 (80.9) <0.001
Occupation, manual work (n,%) 20,290 (60.9) 8126 (62.9) 12,164 (59.6) <0.001
Cigarette consumer (n, %) 8244 (24.7) 3332 (25.8) 4912 (24.1) <0.001
Alcohol consumer (n, %) 2991 (9.0) 1413 (10.9) 1578 (7.7) <0.001
Diabetes (n, %) 6653 (20.0) 3650 (28.2) 3003 (14.7) <0.001
Fasting blood-glucose (mmol/L) 5.3 (4.8, 5.9) 5.5 (4.9, 6.2) 5.2 (4.8,5.7) <0.001
Dyslipidemia (n, %) 9435 (28.3) 5084 (39.3) 4351 (21.3) <0.001
Total cholesterol (mmol/L) 4.7 (4.0, 5.5) 49 (4.2, 5.7) 4.6 (3.9, 5.4) <0.001
Total triglycerides (mmol/L) 1.2 (0.9, 1.8) 1.4 (1.0, 2.0) 1.1 (0.8, 1.6) <0.001
Cardiovascular disease (n, %) 1530 (4.6) 1193 (9.2) 337 (1.7) <0.001
e-GFR (mL/min/1.73m?) 93.3 (75.2, I11.6) 89.8 (72.5, 107.7) 95.6 (77.1, 113.9) <0.001
Chronic kidney disease (n, %) 1615 (4.8) 809 (6.3) 806 (3.9) <0.001
Anxiety (n, %) 889 (2.7) 355 (2.7) 534 (2.6) 0.473
Depression (n, %) 1105 (3.3) 395 (3.1) 710 (3.5) 0.036
MET-minutes/ week <600 (n,%) 4884 (14.6) 1976 (15.3) 2908 (14.3) 0.009
SDB (n,%) 8127 (24.4) 5311 (41.1) 2816 (13.8) <0.001
Sleep quality, Very good (n,%) 19,483 (58.4) 6681 (51.7) 12,802 (62.7) <0.001
Fairly good (n,%) 10,009 (30.0) 4262 (33.0) 5747 (28.2) <0.001
Fairly bad (n,%) 3254 (9.8) 1637 (12.7) 1617 (7.9) <0.001
Very bad (n,%) 595 (1.8) 348 (2.7) 247 (1.2) <0.001

Abbreviations: BM|, body mass index; SDB, sleep-disordered breathing; e-GFR, estimate glomerular filtration rate; MET-minutes/week, metabolic equivalent minutes per week.

As shown in Table 6, we performed multivariable
logistic regression in participants aged <60 years and

>60 years respectively. Model 1 was adjusted for variables

obtained using DAG. Model 2 was adjusted for all the
variables with significant differences between hypertensive

and normotensive participants in Table 1.
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Table 2 Comparison of Prevalent Hypertension and Blood Pressure by Sleep Quality in Total and Stratified Population by Sleep

Disordered Breathing

Total Very Good Fairly Good Fairly Bad Very Bad P

Total subjects

Prevalence of hypertension (n, %) | 12,928 (38.8) 6681 (34.3)a 4262 (42.6)b 1637 (50.3)c 348 (58.5)d <0.001

Systolic blood pressure (mmHg) 123 (111,138) | 122 (110,136)a | 125 (112,140)b | 129 (115,144)c | 128 (I15,145)c <0.001

Diastolic blood pressure (mmHg) 79 (70,88) 79 (70,87)a 80 (71,88)b 80 (71,88)b 80 (71,88)ab <0.001
With sleep disordered breathing

Prevalence of hypertension (n, %) | 5311 (65.4) 2594 (61.2)a 1846 (68.3)b 732 (73.3)c 139 (75.5)bc <0.001

Systolic blood pressure (mmHg) 135 (122,150) | 134 (122,149)a | 135 (123,150)ab | 137 (125,151)b | 140 (126,155)b <0.001

Diastolic blood pressure (mmHg) 84 (77,93) 85 (77,93) 84 (77,93) 84 (76,91) 85 (78,92) 0.056
Without sleep disordered breathing

Prevalence of hypertension (n, %) | 7617 (30.2) 4087 (26.8)a 2416 (33.1)b 905 (40.1)c 209 (50.9)d <0.001

Systolic blood pressure (mmHg) 120 (110,133) | 120 (110,132)a | 120 (110.135)b | 123 (I11,140)c | 120 (I11,140)c <0.001

Diastolic blood pressure (mmHg) 77 (70,85) 77 (70,85)a 78 (70,86)b 79 (70,86)b 78 (70,85)ab <0.001

Note: Groups containing different lower case letters show significantly different.

Table 3 Linear Regression Analysis for the Relation of PSQI Global Score and Blood Pressure in Total Participants and Stratification by
Presence of SDB and Sensitivity Analysis by Excluding Participants taking Antihypertensives

Unadjusted Model Model | Model 2 Model 3
B 95% CI P B 95% CI P B 95% CI P B 95% CI P

Total subjects

Systolic blood pressure 0.6l 0.54, 0.67 <0.001 0.45 0.38, 0.51 <0.001 | —0.02 —0.08, 0.04 0.466 —0.06 —0.12, 0.00 0.061

Diastolic blood pressure 0.16 0.12, 0.20 <0.001 0.15 0.11,0.18 <0.001 0.00 —0.04, 0.04 0910 -0.01 —0.05, 0.03 0.534
SDB

Systolic blood pressure 031 0.18, 0.44 <0.001 0.14 0.00, 0.28 0.051 —0.04 —0.17,0.10 0.608 —0.06 —0.19, 0.08 0.410

Diastolic blood pressure —-0.09 | —0.16, —0.02 0.016 0.01 —0.07, 0.09 0.731 0.0l —0.07, 0.08 0.910 -0.01 —0.09, 0.07 0.785
Non-SDB

Systolic blood pressure 051 0.44, 0.58 <0.001 0.40 0.33, 0.47 <0.001 | -0.05 -0.12, 0.02 0.180 -0.09 -0.16, —0.02 0.013

Diastolic blood pressure 0.15 0.11,0.19 <0.001 0.15 0.11,0.20 <0.001 | -0.02 —0.06, 0.03 0.491 -0.03 —0.07, 0.01 0.169
Sensitivity analysis by excluding those under antihypertensive therapy
Total subjects

Systolic blood pressure 0.20 0.14,0.26 <0.001 0.21 0.14,0.27 <0.001 | -0.15 -0.21, —0.08 <0.001 | —0.15 -0.21, —0.09 <0.001

Diastolic blood pressure 0.0l —0.03, 0.05 0.580 0.06 0.02, 0.09 0.005 —0.07 -0.10, —0.03 0.001 -0.07 -0.11, -0.03 0.001
SDB

Systolic blood pressure -0.05 -0.20, 0.10 0.537 -0.09 -0.25, 0.07 0.29 -0.21 -0.37, -0.06 0.008 -0.21 -0.37, —0.05 0.009

Diastolic blood pressure -022 | -0.31,-0.13 | <0.001 | —0.08 -0.17, 0.02 0.12 -0.09 —0.18, 0.01 0.078 -0.09 -0.19, 0.01 0.069
Non-SDB

Systolic blood pressure 0.18 0.11,0.24 <0.001 0.19 0.12, 0.26 <0.001 | —0.14 -0.21, —0.07 <0.001 | -0.15 -0.22, —0.08 <0.001

Diastolic blood pressure 0.03 -0.02, 0.07 0.231 0.06 0.02, 0.11 0.004 -0.07 -0.12, —0.03 0.001 -0.08 -0.12, —0.03 <0.001

Notes: Model | adjusted for variables obtained by DAG: gender, BMI, abdominal circumference, alcohol consumer, cigarette consumer, occupation, education, MET minutes
per week, anxiety, depression, and diabetes. Model 2 further adjusted for age. Model 3 was adjusted for all the parameters that showed significant difference between groups

in Table I.

Abbreviation: SDB, sleep disordered breathing.

In the participants aged <60 years, compared with very

good sleepers, ORs for presence of hypertension increased

from very good to very bad sleepers totally in model 1 and 2

for total participants, in model 1 and 2 for non-SDB partici-

pants and partly in model 1 and 2 for SDB participants (in

fairly good and fairly bad sleepers). In those aged >60 years,
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Table 4 Linear Regression Analysis for PSQI Score and Blood Pressure in Total and Stratified Participants by Age and by Presence of

SDB
Unadjusted Model Model | Model 2
B 95% CI P B 95% CI P B 95% CI P
Participants aged <60 years
Total
Systolic blood pressure 0.31 0.24, 0.38 <0.001 0.27 0.21, 0.34 <0.001 0.22 0.15, 0.28 <0.001
Diastolic blood pressure 0.15 0.11,0.20 <0.001 0.16 0.12, 0.20 <0.001 0.11 0.07, 0.15 <0.001
SDB
Systolic blood pressure 0.22 0.05, 0.39 0.014 0.19 0.01, 0.37 0.044 0.14 —0.05, 0.32 0.149
Diastolic blood pressure —0.01 —0.11, 0.10 0.880 0.11 —0.00, 0.22 0.053 0.08 —0.04, 0.19 0.192
Non-SDB
Systolic blood pressure 0.24 0.17, 0.31 <0.001 0.22 0.15, 0.30 <0.001 0.18 0.10, 0.25 <0.001
Diastolic blood pressure 0.14 0.09, 0.18 <0.001 0.14 0.10, 0.19 <0.001 0.09 0.05, 0.14 <0.001
Participants aged 260 years
Total
Systolic blood pressure —0.04 —0.18, 0.09 0.524 —0.07 —0.21, 0.08 0.379 —0.08 —0.23, 0.06 0.272
Diastolic blood pressure —0.12 —0.19, —0.05 0.001 —0.05 —0.13, 0.03 0.193 —0.06 —0.14, 0.02 0.130
SDB
Systolic blood pressure —0.006 —-0.19, 0.18 <0.001 —0.11 -0.31, 0.09 0.284 —-0.13 —0.33, 0.08 0.220
Diastolic blood pressure -0.114 —-0.22, -0.01 0.029 —0.08 —0.19, 0.03 0.173 —-0.09 —0.20, 0.02 0.122
Non-SDB
Systolic blood pressure —0.033 —0.23,0.16 0.739 —0.03 —0.24, 0.18 0.808 —0.05 —0.26, 0.16 0.652
Diastolic blood pressure —0.090 —0.19, 0.01 0.074 —0.03 —0.14, 0.08 0.575 —0.03 —0.14, 0.07 0.549

Notes: Model | was adjusted for variables selected using DAG: gender, BMI, abdominal circumference, alcohol consumer, cigarette consumer, occupation, education, MET

minutes per week, anxiety, depression, and diabetes. Model 2 was adjusted for all the parameters that showed significant differences in Table .

Abbreviation: SDB, sleep disordered breathing.

compared with very good sleepers, ORs for presence of
hypertension increased from very good to very bad sleepers
only in model 1 for total participants and in fairly good
sleepers in model 1 for SDB participants and and in fairly
bad and very bad sleepers in non-SDB participants.

Discussion

We explored the association of subjective sleep quality with
BP and prevalent hypertension considering SDB and age as
confounders in a relatively large multi-ethnic population
with a wide age range using a cross-sectional design.

Main observations encompass: First, prevalence of
hypertension significantly increased from very good to
very bad sleepers in total (very good vs fairly good vs fairly
bad vs very bad: 34.3 vs 42.6 vs 50.3 vs 58.5%), SDB (61.2
vs 68.3 vs 73.3 vs 75.5%) and non-SDB participants (26.8

vs 33.1 vs 40.1 vs 50.9%). Second, in multiple linear regres-
sion, PSQI global score showed significant positive asso-
ciation with BP levels in total, SDB and non-SDB
participants, which remained significant in sensitivity ana-
lysis by excluding those taking antihypertensives. In age-
stratified multiple linear regression, positive relationship of
PSQI global score with BP was significant in total, SDB and
non-SDB participants among population aged <60 years but
not in those aged >60 years. Third, in multivariable logistic
regression, ORs for presence of hypertension significantly
increased from very good to very bad sleepers in total (1 vs
1.08 vs 1.22 vs 1.48), SDB (1 vs 1.17 vs 1.35 vs 1.28) and
non-SDB participants (1 vs 1.05 vs 1.14 vs 1.53), with
consistency in those aged <60 years, but not in SDB parti-
cipants although with a trend in the participants aged >60

years.
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Table 5 Relationship of Subjective Sleep Quality with Presence of Hypertension in Total, SDB and Non-SDB Participants

Unadjusted Model Model | Model 2 Model 3

OR (95% CI) P OR (95% CI) OR (95% CI) P OR (95% CI) P
Total participants
Very good Reference - Reference Reference - Reference -
Fairly good 1.42 (1.35, 1.49) | <0.001 1.34 (1.27, 1.42) <0.001 1.08 (1.02, 1.15) 0.008 1.05 (0.99, 1.12) 0.094
Fairly bad 1.94 (1.80, 2.09) | <0.001 1.80 (1.66, 1.96) <0.001 1.22 (111, 1.33) <0.001 1.14 (1.04, 1.25) 0.006
Very bad 2.70 (2.29, 3.19) | <0.001 2.34 (1.93, 2.83) <0.001 1.48 (1.21, 1.80) <0.001 1.30 (1.06, 1.60) 0.011
P trend <0.001 <0.001 <0.001 0.001
SDB participants
Very good Reference - Reference Reference - Reference -
Fairly good 1.28 (1.21, 1.36) | <0.001 1.30 (1.17, 1.45) <0.001 1.17 (1.05, 1.31) 0.006 1.12 (1.00, 1.25) 0.049
Fairly bad 1.56 (1.42, 1.71) | <0.001 1.51 (1.28, 1.78) <0.001 1.35 (1.14, 1.60) 0.001 1.27 (1.07, 1.51) 0.007
Very bad 2.07 (1.67,2.56) | <0.001 1.53 (1.06, 2.22) <0.001 1.28 (0.88, 1.86) 0.192 1.14 (0.78, 1.66) 0.510
P trend <0.001 <0.001 <0.001 0.005
Non-SDB participants
Very good Reference - Reference Reference - Reference -
Fairly good 1.13 (1.00, 1.27) 0.047 1.28 (1.20, 1.36) <0.001 1.05 (0.98, 1.12) 0.213 1.02 (0.95, 1.10) 0.541
Fairly bad 1.24 (1.06, 1.44) 0.006 1.71 (1.54, 1.89) <0.001 1.14 (1.02, 1.26) 0.021 1.06 (0.95, 1.18) 0.291
Very bad 1.59 (1.17, 2.17) 0.003 2.44 (1.95, 3.05) <0.001 1.53 (1.21, 1.94) <0.001 1.36 (1.07, 1.73) 0.012
P trend <0.001 <0.001 0.001 0.052

Notes: Model | was adjusted for variables selected using DAG: gender, BMI, abdominal circumference, alcohol consumer, cigarette consumer, occupation, education, MET
minutes per week, anxiety, depression, diabetes. Model 2 was further adjusted for age. Model 3 was adjusted for all the parameters that showed significant differences

between the two groups in Table |.

Abbreviations: SDB, sleep disordered breathing; OR, odds ratios; 95% CI, 95% confidence interval.

Observations from the current study may add some
evidence on on-going uncertainty between subjective poor
sleep quality and BP and hypertension. Supportive of the
current results, a recent meta-analysis of cross-sectional,
cohort, and case control studies reports a positive associa-
tion between poor sleep quality and hypertension presence.”
Nonetheless, previous studies failed to consider the poten-
tial bias brought by SDB and age to the association of sleep
quality and hypertension.®'®?® In the current study, preva-
lence of hypertension and ORs for presence of hypertension
significantly increased from very good to very bad sleepers
in total participants, and in those with and without SDB.
However, the independent association between sleep qual-
ity and hypertension presence diminishes the significance
and directionality in subjects with SDB in those aged >60
years. Based on previous reports, prevalence of SDB in the
older population reaches as high as 80%,?°*’ which may
outweigh poor sleep quality in terms of affecting hyperten-
sion development. However, further research is needed in
this specific population.

Another important aspect of the current study is that
we also assessed the association of subjective sleep quality
and BP levels by considering the effects of SDB, age and
anti-hypertensive intake. Average SBP, but not DBP,
shows a significant increasing trend from very good to
very bad sleep quality and when SDB is present or not.
PSQI global score showed a positive correlation with both
SBP and DBP in total participants aged <60 years inde-
pendent of SDB presence in multiple linear regression and
with overall consistency in sensitivity analysis by exclud-
ing those under antihypertensive treatment. In a meta-
analysis of previous studies, the average SBP and DBP
are higher for poor sleepers, whereas the difference does
not reach statistical significance. Authors conclude only
few studies assessed the association of sleep quality and
BP and the smaller sample size might have been insuffi-
cient for the detection of statistically significant results.” In
addition, current existing data did not consider the poten-
tial effects of SDB on the relation of subjective poor sleep
quality and Bp,*#!! although there is an association
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between shorter sleep duration and higher 24-hour SBP,
independent of OSA, in prehypertensive adults.®

One of the most important differences of the current
study compared with previous ones is that we included
SDB as a confounder. SDB is relatively highly prevalent
and is one of the main risk factors for both poor sleep
quality and hypertension. Studies reported that prevalence
of poor sleep quality ranges from 31.85% to 39.4% in
different adult populations.*’ In addition, the treatment of
sleep quality and SDB is obviously different. A study from
the US showed brief and personalized online sleep educa-
tion interventions can improve sleep behaviors, sleep qual-
ity, and depression scores.** Therefore, the existence of an
independent association between poor sleep quality and
BP and hypertension presence in subjects aged <60 years
independent of SDB presence and anti-hypertensive treat-
ment in the current study may have broader implications
that improvement of sleep quality at population level may
lower BP and optimize hypertension management.

Several strengths merit this study as follow: First, this
is one of the few large-scale population-based epidemio-
logical studies to explore the association of subjective
sleep quality with BP and hypertension involving SDB.
Second, multiple confounders have been adjusted in the
study such as SDB, depression, anxiety, renal function,
and physical activity, which were previously proven to be
associated with sleep quality and hypertension. In addi-
tion, DAG graph was used to select necessary variables to
be adjusted in regression analysis. Furthermore, with
a multistage proportional random sampling method, par-
ticipants in this survey are in a wide age range of both
genders from a multi-ethnic general population and the
results can be applied to the general population. However,
should
explaining the data. First, the cross-sectional nature of

some limitations also be considered, while
the study limits causality of the association between
sleep quality and hypertension. Nonetheless, most of the
current results are consistent with existing evidence.
Second, PSQI survey, rather than the golden standard of
polysomnography, was used for sleep quality assessment.
PSQI is a popular reliable and valid instrument because of
its high internal consistency (a=0.83), test-retest reliabil-
ity (r = 0.85), and moderate structural validity identifying
poor sleepers in clinical and nonclinical populations.*
PSQI global score shows moderate associations with
some objective sleep quality indexes.*> Third, we
assessed SDB using the NoSAS scale, a subjective
method, which may have brought some bias to the

prevalence of SDB found in this study. However, it is
not feasible to perform objective measurements such as
polysomnography due to their expensive, time-consuming
nature and high technical dependence. In addition, No-
SAS scale has a sensitivity of 79% and specificity of 69%
for SDB assessment and is validated in the Chinese
population.®*** Therefore, we consider the current results
still have some reliability.

In conclusion, poor subjective sleep quality is signifi-
cantly associated with higher BP and prevalent hyperten-
sion, independent of SDB in the young- and middle-aged
general population, indicating the potential of improving
sleep quality at population level to lower BP and optimize
hypertension management.

Abbreviations

BP, blood pressure; BMI, body mass index; Cls, confi-
dence intervals; DBP, diastolic blood pressure; DAG,
directed acyclic graph; GPAQ, Global Physical Activity
Questionnaire; MET, metabolic equivalent; OSA, obstruc-
tive sleep apnea; PSQI, Pittsburgh Sleep Quality Index;
SDB, sleep disordered breathing; SAS, self-rating anxiety
scale questionnaires; SDS, self rating depression scale
questionnaires; SBP, systolic blood pressure; WHO,
World Health Organization.
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