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ABSTRACT

Background. The coexistence of type 2 diabetes mellitus (T2DM) and hypertension
can impair sleep quality, potentially leading to a wide range of adverse health outcomes.
Therefore, this study aimed to evaluate sleep quality and its associated factors in patients
with concurrent T2DM and hypertension in Hunan, China.

Methods. This cross-sectional study recruited patients with concurrent T2DM and
hypertension who visited the Department of Endocrinology at the First People’s
Hospital of Ruanjiang City, Hunan Province, China, between July 2022 and February
2023. Trained investigators conducted face-to-face interviews to collect data on
sociodemographic, lifestyle, and disease-related factors, and assessed anxiety and sleep
quality using the Generalized Anxiety Disorder-7 scale and the Pittsburgh Sleep Quality
Index, respectively. Multivariable logistic regression analysis was performed to identify
factors independently associated with sleep quality. A receiver operating characteristic
(ROC) curve was generated to evaluate the predictive ability of the model, and the
Hosmer-Lemeshow test was used to assess model calibration. Subgroup analyses were
conducted by sex, educational level, and number of T2DM complications to test model
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robustness.

Results. A total of 475 patients with concurrent T2DM and hypertension were included.
The prevalence of poor sleep quality was 59.4% (95% confidence interval (CI) [54.9%—
63.9%]). Multivariable logistic regression analysis showed that advanced age (adjusted
odds ratio (aOR) = 2.12, 95% CI [1.29-3.48]), history of stroke (aOR = 2.16, 95% CI
[1.15-4.06]), and anxiety (aOR = 4.24, 95% CI [2.58-6.98]) were associated with higher
odds of poor sleep quality. Regular physical activity was associated with lower odds (aOR
=0.53,95% CI [0.34-0.84]). The area under the receiver operating characteristic (ROC)
curve was 0.776 (95% CI [0.735-0.818]), and the Hosmer—Lemeshow test (P = 0.260)
indicated good model calibration. Subgroup analyses yielded similar results.
Conclusions. Nearly three-fifths of patients with concurrent T2DM and hypertension
exhibited poor sleep quality. Age, regular physical activity, history of stroke, and anxiety
were significantly associated with sleep quality. However, due to the cross-sectional
design, causal relationships cannot be established.
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INTRODUCTION

Hypertension and diabetes are two of the 10 most common chronic diseases that
significantly contribute to the global economic burden (Mills, Stefanescu ¢ He, 2020;
Bommer et al., 2018). In 2021, the global prevalence of diabetes in individuals aged 20—
79 years was 10.5%, and it was projected to increase to 12.2% by 2045 (Sun et al., 2022).
Furthermore, the number of individuals living with hypertension doubled between 1990
and 2019, from 650 million to 1.3 billion (World Health Organization, 2023). Diabetes
and hypertension often co-occur (Ferrannini ¢~ Cushman, 2012), and a meta-analysis
showed that the pooled prevalence of hypertension in Chinese patients with type 2 diabetes
mellitus (T2DM) was 54% (95% confidence interval 95% CI [47%—61%]) (Zhang et al.,
2024). Accumulating evidence has shown that the coexistence of diabetes and hypertension
can not only increase the risk of cardiovascular events and mortality but also impair sleep
quality (Przezak, Bielka & Pawlik, 2022; Petrie, Guzik & Touyz, 2018; Surani et al., 2015;
Chiang et al., 2018).

Sleep quality serves as an indicator of how energized, active, and prepared an individual
feels for a new day. It can be assessed both subjectively and objectively through quantitative
sleep aspects such as sleep latency and sleep duration (Tang et al., 2017; Liu et al., 1996).
Due to nocturia, polyuria, neuropathy, and restless legs syndrome, patients with T2DM
experience increased nocturnal awakenings and reduced sleep duration (Surani et
al., 2015; Barone & Menna-Barreto, 20115 Kuo et al., 2021). Additionally, patients with
hypertension may experience nocturnal urination caused by diuretics (Rahman et al.,
2021), and uncontrolled hypertension or some antihypertensive drugs may disrupt the
parasympathetic regulation and pressure reflex of the heart, which can trigger arousal
(Liu et al., 2016; Oliveira-Silva et al., 2020). The concurrence of diabetes and hypertension
may have synergistic effects on sleep quality (Jemere et al., 2019; Phan et al., 2023). For
example, a study of T2DM patients in Ethiopia found that the concurrence of hypertension
can increase the odds of poor sleep quality (adjusted odds ratio [aOR] = 3.19, 95%

CI [1.16-8.84]) (Jemere et al., 2019). Similarly, a study by Phan et al. (2023) found that
individuals with chronic comorbidities such as diabetes and hypertension had higher odds
of poor sleep quality (OR = 2.34, 95% CI [1.17-5.24]). Evidence has consistently shown
that poor sleep quality can lead to a wide range of negative health-related outcomes (Miller
& Howarth, 2023; Kwok et al., 2018; Krittanawong et al., 2019; Donga et al., 2010; Grandner,
2017). Therefore, understanding the prevalence of poor sleep quality and its associated
factors in patients with concurrent T2DM and hypertension is essential for not only early
identification of individuals at high risk for poor sleep quality but also finding intervention
targets to improve sleep quality.

Previous studies have examined the prevalence of poor sleep quality and its associated
factors in patients with diabetes or hypertension alone (Nasir et al., 2022; Birhanu,
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Hassen Salih & Abate, 2020; Ayanaw et al., 2022; Birhanu et al., 2021). However, significant
disparities have been observed across these studies (Nasir et al., 2022; Birhanu, Hassen Salih
& Abate, 20205 Li et al., 2020). For example, a study conducted in Malaysia found that the
prevalence of poor sleep quality in T2DM patients was 32% (Nasir et al., 2022), whereas
a study conducted in Ethiopia found the prevalence was 47.2% (Birhanu, Hassen Salih

¢ Abate, 2020). Moreover, a meta-analysis by Li et al. (2020) showed that the pooled
prevalence of poor sleep quality in Chinese hypertension patients was 52.5%. The
differences in study regions, study populations, and tools used to assess sleep quality
may contribute to the differences in the prevalence of poor sleep quality observed across
studies. Socio-demographic and lifestyle factors such as age, sex, smoking and alcohol
consumption, as well as disease-related factors such as diabetic comorbidities and anxiety,
have been shown to be associated with sleep quality in patients with diabetes or hypertension
alone (Birhanu, Hassen Salih & Abate, 2020; Ayanaw et al., 2022; Maimaitituerxun et al.,
2024). However, there is still a lack of studies specifically focusing on patients with
concurrent T2DM and hypertension in China up to now. Therefore, this study aimed
to identify the prevalence of poor sleep quality and its associated factors in patients with
concurrent T2DM and hypertension in Hunan, China.

MATERIALS & METHODS

Study design and population

This cross-sectional study was conducted from July 2022 to February 2023. Patients with
concurrent T2DM and hypertension who visited the Department of Endocrinology at the
First People’s Hospital of Ruanjiang City, Hunan Province, China, during the study period
were consecutively recruited. The inclusion criteria were (1) diagnosis of T2DM (Society,
2021); (2) diagnosis of hypertension (Chinese Society of Cardiology et al., 2018); (3) aged
>50; and (4) voluntary participation in this study with a signed informed consent form.
Patients with dementia were excluded from this study. The study protocol was approved
by the Ethics Committee of Xiangya School of Public Health, Central South University
(No: XYGW=-2021-27). According to the sample size formula for categorical outcomes in
cross-sectional studies “N=Z2p(1-p)/d*” (Bolarinwa, 2020), a minimum sample size of
133 was determined based on the following assumptions: Z;_4 /> = 1.96, p = 42.0% (Dogah
et al., 2025), and d = 0.20p.

Data collection

Well-qualified investigators conducted face-to-face interviews to collect data on socio-
demographic, lifestyle and disease-related factors, and to assess anxiety status and sleep
quality using well-validated scales. Data on disease-related factors were extracted from the
electronic medical records. Any missing values were filled immediately following the initial
interviews by the investigators.

Study variables
Socio-demographic and lifestyle factors

Socio-demographic and lifestyle factors included age, sex, marital status, educational level,
per capita monthly household income, working status, body mass index (BMI), a history of
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smoking, a history of drinking, and regular physical activity. Specifically, individuals were
categorized as having a history of smoking if they had smoked cigarettes cumulatively for at
least six months or daily for one cigarette; individuals were categorized as having a history
of drinking if they had consumed alcohol at least once a month for over one year; and
regular physical activity was defined as performing one or more physical activities (such as
walking, cycling or square dancing) for more than 30 min per day in the past month.

Disease-related factors

Disease-related factors included duration of T2DM, duration of hypertension, a family
history of T2DM, a family history of hypertension, number of T2DM complications,
coronary heart disease, chronic kidney disease, and stroke. Specifically, T2DM
complications included diabetic nephropathy, diabetic retinopathy, diabetic foot, diabetic
peripheral neuropathy, diabetic peripheral vasculopathy and diabetic ketosis.

Anxiety

The Generalized Anxiety Disorder-7 (GAD-7) by Spitzer et al. (2006) was used to assess
anxiety. It involves 7 items scored on a 0-3 scale, and the total score of the GAD-7 scale
ranges from 0 to 21. A total score of 4 was used as the cutoff value for identifying anxiety.
Specifically, participants with a total score of >4 were considered as positive for anxiety,
whereas a total score of <4 was considered as not. The GAD-7 was reliable and valid in the
Chinese population (Xu et al., 2022).

Study outcome

The outcome of this study was sleep quality, which was assessed using the Pittsburgh Sleep
Quality Index (PSQI) scale, developed by Buysse et al. (1989). It involves 18 self-assessment
items and 7 dimensions, including subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, sleep medications, and daytime dysfunction
(Buysse et al., 1989). Each dimension is scored on a 0-3 scale, and the total score of the
PSQI scale ranges from 0 to 21, with higher scores indicating poorer sleep quality. A total
score of 7 was used as the cutoff value for identifying poor sleep quality. Specifically, a total
score of >7 was considered as poor sleep quality, whereas a total score of <7 was considered
as good sleep quality. The PSQI was reliable and valid in the Chinese population (Liu et al.,
1996).

Statistical analyses

Means and standard deviations (SD) were used to describe continuous variables that
conformed to a normal distribution. Otherwise, medians and interquartile range (IQR)
were used. Categorical data were described by the frequencies (n) and proportions (%), and
analyzed using the x? test or Fisher’s exact probability test as appropriate. Multivariable
logistic regression analysis was used to identify the factors independently associated with
sleep quality, and all factors with a P value of <0.05 in between-group comparisons
were included in the multivariable model. Multicollinearity was assessed using the variance
inflation factor (VIF), with a VIF value of <5 considered as the absence of multicollinearity.
The receiver operating characteristic (ROC) curve was plotted to test the predictive ability
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of the established multivariable model using the ROC Analysis Module in SPSS version
26.0 software (IBM Corp., Armonk, NY, USA). The Hosmer-Lemeshow test was used
to assess the model calibration, with a P value of >0.05 indicating that the predicted
probability of the model was in good agreement with the actual observed values. To assess
the robustness of the multivariable model, subgroup analyses were performed according to
sex, educational level and number of T2DM complications. All data were analyzed using
SPSS version 26.0 software, with a P value of <0.05 indicating statistically significant by
two-sided tests.

RESULTS

Characteristics of the study participants

A total of 475 eligible patients with concurrent T2DM and hypertension were included
in this study, and no missing data were observed. The sample size of 475 exceeded the
minimum requirement for this study (N = 133). Table 1 shows the socio-demographic
and lifestyle characteristics of the study participants. The age range was 50-95 years with
a mean age of 69.80 £ 9.10 years; 198 (41.7%) were males and 277 (58.3%) were females;
246 (51.8%) attended elementary school at most; 171 (36.0%) had a history of smoking;
and 149 (31.4%) had a history of drinking.

Table 2 shows the disease-related characteristics of the study participants. The mean
duration of T2DM and hypertension was 13.36 + 8.42 years and 13.64 £ 8.63 years,
respectively; 355 (74.7%) had one or more T2DM complications; 81 (17.1%) had a history
of stroke; and 178 (37.5%) were considered to have positive anxiety symptoms.

Prevalence of poor sleep quality

The mean score of PSQI of the study participants was 9.13 == 4.81. According to the
established cutoff values, 282 and 193 participants were considered as poor and good
sleep quality, respectively. The prevalence of poor sleep quality in patients with concurrent
T2DM and hypertension was 59.4% (95% CI [54.9%—-63.9%]), and this estimate was
64.3% (95% CI [60.0%—-68.6%]) and 52.5% (95% CI [40.8%—57.0%]) in female and male
participants, respectively.

Univariable analyses of factors associated with sleep quality

The results of the univariable analyses are shown in Tables 3 and 4. Age (P < 0.001), sex
(P =0.010), marital status (P = 0.029), educational level (P < 0.001), per capita monthly
household income (P < 0.001), work status (P = 0.005), history of smoking (P = 0.041),
regular physical activity (P < 0.001), duration of T2DM (P = 0.036), coronary heart disease
(P =0.006), stroke (P < 0.001), and anxiety (P < 0.001) differed significantly between the
poor and good sleep quality groups.

Multivariable analysis of factors associated with sleep quality

All variables with a P value of <0.05 in between-group comparisons had a VIF value of
<5, indicating the absence of multicollinearity, and were all included in the multivariable
analysis. The results of multivariable analysis are shown in Table 5. Age, regular physical
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Table 1 Socio-demographic and lifestyle factors of participants (n =475).

Variables Frequency Proportion
(n) (%)

Age (years)

50-69 222 46.7

>70 253 53.3
Sex

Male 198 41.7

Female 277 58.3
Marital status

Unmarried 64 13.5

Married 411 86.5
Educational level

Elementary school or below 246 51.8

Middle school 147 30.9

High school or above 82 17.3
Per capita monthly household income (yuan)

<3,000 302 63.6

>3,000 173 36.4
Working status

No working 430 90.5

Working 45 9.5
BMI

<18.5 36 7.6

18-24 240 50.5

24-28 156 32.8

>28 43 9.1
History of smoking

No 304 64.0

Yes 171 36.0
History of drinking

No 326 68.6

Yes 149 31.4
Regular physical activity

No 256 53.9

Yes 219 46.1

Notes.

BMI, body mass index.

activity, stroke and anxiety were independently associated with sleep quality in patients
with concurrent T2DM and hypertension. Participants aged >70 (aOR = 2.12, 95% CI
[1.29-3.48]), and with stroke (aOR = 2.16, 95% CI [1.15-4.06]) or anxiety (aOR = 4.24,
95% CI [2.58-6.98]) were at higher odds of poor sleep quality. Those who had regular
physical activity were at lower odds of poor sleep quality (aOR = 0.53, 95% CI [0.34-0.84]).
Specifically, those over the age of 70 years at 2.12-fold higher odds of poor sleep quality;
those with a history of stroke at 2.16-fold higher odds of poor sleep quality; those with
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Table 2 Disease-related factors of participants (n = 475).

Variables Frequency Proportion
(n) (%)

Duration of T2DM (years)

<10 168 35.4

>10 307 64.6
Duration of hypertension (years)

<10 160 33.7

>10 315 66.3
Family history of T2DM

No 317 66.7

Yes 158 33.3
Family history of hypertension

No 315 66.3

Yes 160 33.7
Number of T2DM complications

0 120 25.3

>1 355 74.7
Coronary heart disease

No 254 53.5

Yes 221 46.5
Chronic kidney disease

No 427 89.9

Yes 48 10.1
Stroke

No 394 82.9

Yes 81 17.1
Anxiety

No 297 62.5

Yes 178 37.5

Notes.

T2DM, type 2 diabetes mellitus.

activity at 47% lower odds of poor sleep quality.

anxiety at 4.24-fold higher odds of poor sleep quality; and those who had regular physical

The ROC curve was presented in Fig. 1. The area under the ROC curve of the established

multivariable model.

Subgroup analyses results of the multivariable model
Similar results were observed in subgroup analyses (Table 6). The area under the ROC

multivariable model was 0.776 (95% CI [0.735-0.818]), indicating good predictive ability.
In addition, the Hosmer-Lemeshow test (P = 0.260) indicated favorable model calibration.

curve ranged from 0.70 to 0.79, and the Hosmer-Lemeshow test indicated favorable model
calibration across all subgroups (P > 0.05), suggesting the robustness of the established
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Table 3 Univariable associations of socio-demographic and lifestyle factors with sleep quality.

Variables Sleep quality x2 Pvalue CrudeOR
(95% CI)

Good Poor
(n=193, %) (n=1282,%)

Age (years)

50-69 121 (62.7) 101 (35.8) 3325 <0.001 1

>70 72 (37.3) 181 (64.2) 3.01 (2.06-4.40)
Sex

Male 94 (48.7) 104 (36.9) 6.59 0.010 1

Female 99 (51.3) 178 (63.1) 1.63 (1.12-2.36)
Marital status

Unmarried 18 (9.3) 46 (16.3) 480 002 1

Married 175 (90.7) 236 (83.7) 0.53 (0.30-0.94)
Educational level

Elementary school or below 77 (39.9) 169 (59.9) 19.36 <0.001 1

Middle school 71 (36.8) 76 (27.0) 0.49 (0.32-0.74)

High school or above 45 (23.3) 37 (13.1) 0.38 (0.23-0.63)

Per capita monthly household
income (Yuan)

<3,000 104 (53.9) 198 (70.2) 13.19  <0.001 1

>3,000 89 (46.1) 84 (29.8) 0.50 (0.34-0.73)
Working status

No working 166 (86.0) 264 (93.6) 7.73 0.005 1

Working 27 (14.0) 18 (6.4) 0.42 (0.22-0.79)
BMI

<18.5 12 (6.2) 24 (8.5) 1.24 0.743 1

18.5-24 96 (49.8) 144 (51.1) 0.75 (0.36-1.57)

24-28 66 (34.2) 90 (31.9) 0.68 (0.32-1.46)

>28 19 (9.8) 24 (8.5) 0.63 (0.25-1.58)
History of smoking

No 113 (58.5) 191 (67.7) 4.19 0.041 1

Yes 80 (41.5) 91 (32.3) 0.67 (0.46-0.98)
History of drinking

No 124 (64.2) 202 (71.6) 2.90 0.089 1

Yes 69 (35.8) 80 (28.3) 0.71 (0.48-1.05)
Regular physical activity

No 67 (34.7) 189 (67.0) 48.13  <0.001 1

Yes 126 (65.3) 93 (33.0) 0.26 (0.18-0.39)

Notes.
OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index.
DISCUSSION

This study investigated the prevalence of poor sleep quality and its associated factors
in patients with concurrent T2DM and hypertension in Hunan, China. Though factors
associated with poor sleep quality in patients with T2DM or hypertension alone have been
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Table 4 Univariable associations of disease-related factors with sleep quality.

Variables Sleep quality x2 Pvalue Crude OR
(95% CI)
Good Poor
(n=193,%) (n=282,%)

Duration of T2DM (years)

<10 79 (40.9) 89 (31.6) 440  0.036 1

>10 114 (59.1) 193 (68.4) 1.50 (1.03-2.20)
Duration of hypertension (years)

<10 74 (38.3) 86 (30.5) 3.16 0.076 1

>10 119 (61.7) 196 (69.5) 1.42 (0.96-2.08)
Family history of T2DM

No 127 (65.8) 190 (67.4) 013 0721 1

Yes 66 (34.2) 92 (32.6) 0.93 (0.63-1.37)
Family history of hypertension

No 131 (67.9) 184 (65.2) 035  0.552 1

Yes 62 (32.1) 98 (34.8) 1.13 (0.76-1.66)
Number of T2DM complications

0 43 (22.3) 77 (27.3) 1.52 0.216 1

>1 150 (77.7) 205 (72.7) 0.76 (0.50-1.17)
Coronary heart disease

No 118 (61.1) 136 (48.2) 7.68  0.006 1

Yes 75 (38.9) 146 (51.8) 1.69 (1.16-2.45)
Chronic kidney disease

No 178 (92.2) 249 (88.3) 1.95  0.163 1

Yes 15 (7.8) 33 (11.7) 1.57 (0.83-2.98)
Stroke

No 176 (91.2) 218 (77.3) 15.62 <0.001 1

Yes 17 (8.8) 64 (22.7) 3.04 (1.72-5.38)
Anxiety

No 161 (83.4) 136 (48.2) 60.57 <0.001 1

Yes 32 (16.6) 146 (51.8) 5.40 (3.46-8.43)

Notes.

OR, odds ratio; 95% CI, 95% confidence interval; T2DM, type 2 diabetes mellitus.

well studied, those with concurrent T2DM and hypertension received less attention. To the
best of our knowledge, this is the first study to identify the prevalence of poor sleep quality
and its associated factors in individuals with both T2DM and hypertension exclusively. This
study found that the prevalence of poor sleep quality in patients with concurrent T2DM
and hypertension was 59.4% (95% CI [54.9%—63.9%]), which was comparable with a
previous study in patients with concurrent T2DM and metabolic syndrome (59.10%)
(Li et al., 2022). However, it was higher than previous studies in patients with T2DM or
hypertension alone (Birhanu, Hassen Salih ¢ Abate, 2020; Ayanaw et al., 2022; Li et al.,
2020), which could be explained by the synergistic effects of diabetes and hypertension on
sleep quality (Surani et al., 2015; Wang, Wang & Zhang, 2024; Almalki et al., 2022; Adzrago,

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 9/21


https://peerj.com
http://dx.doi.org/10.7717/peerj.20325

Peer

Table 5 Multivariable associations of factors with sleep quality.

Variables

b

SE

Wald-test

aOR (95% CI)

P value

Age (years)
50-69
>70
Sex
Male
Female
Marital status
Unmarried
Married
Educational level
Elementary school or below
Middle school
High school or above
Per capita monthly household income (yuan)
<3,000
>3,000
Working status
No working
Working
History of smoking
No
Yes
Regular physical activity
No
Yes
Duration of T2DM (years)
<10
>10
Coronary heart disease
No
Yes
Stroke

0.75

0.40

—0.52

—0.09
0.07

—0.08

0.01

0.23

—0.63

0.20

0.11

0.77

1.45

0.25

0.36

0.34

0.28
0.39

0.30

0.38

0.35

0.23

0.23

0.23

0.32

0.25

1.26

0.10
0.03

0.07

<0.01

0.43

7.39

0.22

5.70

32.46

1
2.12 (1.29-3.48)

1
1.49 (0.74-2.99)

1
0.60 (0.31-1.16)

1
0.91 (0.53-1.59)
1.07 (0.50-2.31)

1
0.92 (0.52-1.66)

1
1.01 (0.48-2.14)

1
1.26 (0.63-2.50)

1
0.53 (0.34-0.84)

1
1.23 (0.79-1.91)

1
1.11 (0.72-1.73)

1
2.16 (1.15-4.06)

1
4.24 (2.58-6.98)

0.003

0.262

0.126

0.749
0.866

0.791

0.977

0.512

0.007

0.369

0.642

0.017

<0.001

Notes.

SE, standard error; aOR, adjusted odds ratio; 95% CI, 95% confidence interval; T2DM, type 2 diabetes mellitus.

Williams ¢ Williams, 2024). Therefore, given the high prevalence of poor sleep quality

found in this study and the negative associations of poor sleep quality with subsequent

health outcomes, early identification of those at risk of poor sleep quality is crucial (Miller
& Howarth, 2023; Ganidagli & Ozturk, 2023; Chasens et al., 2014).
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Figure 1 Receiver operating characteristic (ROC) curve of poor sleep quality prediction model.
Full-size Gal DOI: 10.7717/peer;j.20325/fig-1

Table 6 Discrimination and calibration of the multivariable model across subgroups.

Subgroups Discrimination Calibration by
Hosmer-Lemeshow test
Area under the P value x* P value
ROC curve (95% CI)
Sex
Male 0.75 (0.68-0.81) <0.001 12.83 0.076
Female 0.77 (0.72-0.83) <0.001 11.60 0.071
Educational level
Elementary school or below 0.79 (0.73-0.85) <0.001 9.57 0.214
Middle school 0.70 (0.61-0.78) <0.001 4.87 0.561
High school or above 0.72 (0.61-0.84) 0.001 1.63 0.898
Number of T2DM complications
0 0.75 (0.66—-0.84) <0.001 2.84 0.900
>1 0.77 (0.72-0.82) <0.001 12.21 0.057
Notes.

ROC, receiver operating characteristic; 95% CI, 95% confidence interval; T2DM, type 2 diabetes mellitus.

This study added significantly to the existing body of knowledge by comprehensively
assessing the role of socio-demographic and lifestyle characteristics, disease-related factors,
and anxiety in poor sleep quality among patients with concurrent T2DM and hypertension.
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Advanced age was found to be associated with higher odds of poor sleep quality in patients
with concurrent T2DM and hypertension, which was consistent with previous studies
in different populations (Ayanaw et al., 2022; Li et al., 2022; Mikotajczyk-Soliriska et al.,
2020). For example, a study of hypertension patients in an Ethiopian hospital found that
individuals aged >65 were at increased odds of poor sleep quality (aOR = 4.07, 95% CI
[2.07-7.97]) (Ayanaw et al., 2022). In addition, a study in T2DM patients found advanced
age to be a key risk factor for poor sleep quality (OR = 1.11, 95% CI [1.07-1.15]),
with those over the age of 72 years at 11-fold higher odds of having sleep problems
(Mikolajczyk-Soliriska et al., 2020). Furthermore, data from a Spanish population of 2,144
twins showed a direct and significant correlation between older age and poor sleep quality
(OR = 1.05, 95% CI [1.03-1.06]) (Madrid-Valero et al., 2017). This can be explained by
the fact that aging is an irreversible physiological process which plays an important role in
sleep regulation. On the one hand, the number and function of microglia decrease with
aging, and the depletion of microglia disrupts circadian rhythms in brain tissue (Choudhury
et al., 2021; Hefendehl et al., 2014; Deurveilher et al., 2021). On the other hand, advanced
age is often accompanied by vascular stiffening, and hyperglycemia and hypertension
further damage cerebral blood vessels and autonomic nerves, which can weaken sleep
homeostasis and exacerbate sleep quality in older adults (Surani et al., 2015; Ma et al.,
20245 Seravalle, Mancia ¢ Grassi, 2018). Therefore, clinicians should pay special attention
to the sleep quality of patients with concurrent T2DM and hypertension who are aged >65,
and targeted intervention should be implemented timely.

A previous study by Tseng ef al. (2020) showed that moderate-intensity exercise training
positively affected sleep quality and cardiac autonomic function. In addition, a study
in T2DM patients found that those who took exercise to the point of sweating had
lower odds of poor sleep quality (OR = 0.48, 95% CI [0.24-0.94]) (Kuo et al., 2021).
Consistently, this study found that regular physical activity can protect against poor sleep
quality. Exercise may enhance sleep quality by increasing energy expenditure, promoting
endorphin secretion, raising body temperature, and reducing levels of pro-inflammatory
cytokines (Hasan et al., 2022; Kapsimalis et al., 2008; Driver ¢& Taylor, 2000; Santos, Tufik
¢ De Mello, 2007). In addition, exercise can not only improve insulin sensitivity and
reduce the risk of hypoglycemia at night, but also lower systolic and diastolic blood
pressure (Bangsbo, 2024; Chomiuk et al., 2024). A previous network meta-analysis showed
that Tai chi, Baduanjin, resistance training, resistance training combined with walking,
and muscular endurance training combined with walking significantly improved sleep
quality more than usual care, and muscular endurance training combined with walking
was identified as the most effective exercise regimen for improving sleep quality in older
adults (Hasan et al., 2022). Therefore, physical activities can be considered as promising
intervention targets to improve sleep quality, and it is strongly recommended to promote
regular physical activities in patients with concurrent T2DM and hypertension in clinical
practice.

Consistent with previous studies (Sonmiez ¢ Karasel, 2019; Falck et al., 2019), this study
found that patients with a history of stroke were at higher odds of poor sleep quality.
This could be explained by the fact that the coexistence of diabetes and hypertension can
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aggravate vascular lesions, which can lead to increased risk of stroke (Ohishi, 2018; Jia
& Sowers, 2021). Moreover, sleep architecture is regulated by a complex interaction of
multiple mechanisms located in the brainstem, hypothalamus, preoptic area and thalamus,
while stroke can impair the central nervous system, leading to changes in brain activity,
brain function and sleep structure (Falck et al., 2019; Ferre et al., 2013). For example, a
study by Kishimoto et al. (2016) found that individuals with a history of stroke had higher
odds of sleep disturbances (aOR = 1.63, 95% CI [1.24-2.15]). Given the negative effects of
stroke on sleep quality, clinicians should pay more attention to the sleep quality of those
who have a history of stroke, and it could also be deduced that the sleep quality of patients
with concurrent T2DM and hypertension may be improved through strengthening the
preventive measures against stroke.

The relationships between mental health problems and poor sleep quality have been
well-established (Bayrak & Cadirci, 2022; El Kherchi et al., 2023; Mousavi et al., 2023). For
example, a study of diabetes patients found that anxiety was associated with poor sleep
quality (Bayrak ¢ Cadirci, 2022). Furthermore, a study conducted in Ethiopian patients
with hypertension showed that individuals with anxiety were more likely to suffer poor
sleep quality (aOR = 1.89, 95% CI [1.16-3.03]) (Ayanaw et al., 2022). Similarly, this
study found that anxiety can increase the odds of poor sleep quality in patients with
concurrent T2DM and hypertension. The relationship between anxiety and poor sleep
quality may be bidirectional. On the one hand, patients with anxiety tended to experience
longer sleep latency, more frequent awakenings, prolonged night wakings, and fewer
transitions into non-rapid eye movement sleep (Krystal, 2012; First, 2013). On the other
hand, long-term poor sleep quality itself is an important risk factor for anxiety symptoms
(Okun et al., 2018; Zhao et al., 2025). The coexistence of T2DM and hypertension can
lead to further exacerbation of this bidirectional cycle due to disease stressors as well as
disturbed physiological mechanisms that adversely affect both mental health and sleep
(Zhao et al., 2025; Vilela et al., 2024). Therefore, it is recommended to incorporate anxiety
screening into the regular follow-up examinations of patients with concurrent T2DM
and hypertension, and the sleep quality may be improved through collaborations with
endocrinologists and psychologists.

Although not directly assessed in the present study, blood glucose and blood pressure
control were key modifiable factors affecting sleep quality in patients with concurrent T2DM
and hypertension. Nocturia, nocturnal hypoglycemia, oxidative stress and autonomic
neuropathy caused by high blood sugar may disrupt sleep (Surani et al., 2015; Birhanu,
Hassen Salih ¢ Abate, 20205 Knutson et al., 2006). Uncontrolled hypertension can affect
endothelial dysfunction and excessive sympathetic nerve activity, thus damaging sleep
structure (Seravalle, Mancia & Grassi, 2018; Carnethon & Johnson, 2019). Poor sleep
quality can in turn lead to poor control of blood sugar and blood pressure (Cho, 2019;
Shibabaw, Dejenie ¢ Tesfa, 2023). Previous studies have indicated that enhanced blood
glucose and blood pressure control, and standardized antihypertensive treatment such
as angiotensin-converting enzyme inhibitors (ACEls)/angiotensin II receptor blockers
(ARBs), can significantly improve patients’ sleep quality (Cho, 2019). In addition, previous
studies indicated that in addition to healthcare access, urban or rural settings can have
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an impact on sleep quality (Wang et al., 2024; Billings, Hale & Johnson, 2020; Kuriyama,
2024). Therefore, more multi-center studies with comprehensive assessments of factors
including blood glucose and blood pressure control measures are warranted.

This study had several limitations. Firstly, this was a cross-sectional study, which limited
the ability to determine the causal relationships between the associated factors and sleep
quality. Secondly, recall bias may exist when collecting information on smoking and
drinking history. Thirdly, the PSQI scale used in this study is a subjective measurement.
Compared to objective sleep assessment methods such as actigraphy and polysomnography,
the PSQI may introduce misclassification. Finally, this study was conducted in a single-
center hospital setting, which may limit the generalizability of the findings. Therefore,
future multi-center longitudinal studies should be conducted by using the objective sleep
assessment methods to elucidate the directionality of the associations.

CONCLUSIONS

Poor sleep quality was highly prevalent in patients with concurrent T2DM and
hypertension, with nearly three-fifths suffering from poor sleep quality. Age, regular
physical activity, a history of stroke and anxiety status were associated with sleep quality in
patients with concurrent T2DM and hypertension. More attention should be paid to those
with advanced age and a history of stroke, and the sleep quality of patients with concurrent
T2DM and hypertension may be improved through promoting regular physical activities
and facilitating collaborations between endocrinologists and psychologists in clinical
practice. Future multi-center longitudinal studies should use objective sleep assessment
methods such as polysomnography to enhance the clinical use.

ACKNOWLEDGEMENTS

The authors would like to thank all the participants for their participation.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This study was supported by the National Natural Science Foundation of China under
(Grant No. 82103939), and the National Natural Science Foundation of Hunan Province
under (Grant No. 2025JJ90224). The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 82103939.

National Natural Science Foundation of Hunan Province: 2025]JJ90224.

Competing Interests
The authors declare there are no competing interests.

Feng et al. (2025), PeerdJ, DOI 10.7717/peerj.20325 14/21


https://peerj.com
http://dx.doi.org/10.7717/peerj.20325

Peer

Author Contributions

e Ziling Feng conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Hongying Liu conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Ni Xiong performed the experiments, analyzed the data, prepared figures and/or tables,
and approved the final draft.

e Leyao Tang performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

e Wenjie Dai conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

e Fang Yang conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study protocol was approved by the Ethics Committee of Xiangya School of Public
Health, Central South University (No. XYGW-2021-27).

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplementary File.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.20325#supplemental-information.

REFERENCES

Adzrago D, Williams DR, Williams F. 2024. Multiple chronic diseases and psychological
distress among adults in the United States: the intersectionality of chronic diseases,
race/ethnicity, immigration, sex, and insurance coverage. Social Psychiatry and
Psychiatric Epidemiology 60(1):181-199 DOT 10.1007/s00127-024-02730-1.

Almalki ZS, Alahmari AK, Alqahtani N, Alzarea Al, Alshehri AM, Alruwaybiah
AM, Alanazi BA, Algahtani AM, Ahmed NJ. 2022. Households’ direct economic
burden associated with chronic non-communicable diseases in Saudi Arabia.
International Journal of Environmental Research and Public Health 19(15):9736
DOI 10.3390/ijerph19159736.

Ayanaw T, Temesgen M, Azagew AW, Ferede YM. 2022. Sleep quality and associated
factors among adult hypertensive patients attending a chronic follow up care clinic in
northwest Amhara regional state referral hospitals, Northwest Ethiopia. PLOS ONE
17(7):0271072 DOI 10.1371/journal.pone.0271072.

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 15/21


https://peerj.com
http://dx.doi.org/10.7717/peerj.20325#supplemental-information
http://dx.doi.org/10.7717/peerj.20325#supplemental-information
http://dx.doi.org/10.7717/peerj.20325#supplemental-information
http://dx.doi.org/10.1007/s00127-024-02730-1
http://dx.doi.org/10.3390/ijerph19159736
http://dx.doi.org/10.1371/journal.pone.0271072
http://dx.doi.org/10.7717/peerj.20325

Peer

Bangsbo J. 2024. 10-20-30 exercise training improves fitness and health. European
Journal of Sport Science 24(8):1162—1175 DOI 10.1002/ejsc.12163.

Barone MT, Menna-Barreto L. 2011. Diabetes and sleep: a complex cause-and-
effect relationship. Diabetes Research and Clinical Practice 91(2):129-137
DOI 10.1016/j.diabres.2010.07.011.

Bayrak M, Cadirci K. 2022. Quality of sleep in elderly patients with diabetes mellitus
from Turkey: a cross-sectional observational study. Aging Clinical and Experimental
Research 48(4):373-386 DOI 10.1080/0361073X.2021.1989929.

Billings ME, Hale L, Johnson DA. 2020. Physical and social environment relationship
with sleep health and disorders. Chest 157(5):1304—1312
DOI 10.1016/j.chest.2019.12.002.

Birhanu TE, Getachew B, Gerbi A, Dereje D. 2021. Prevalence of poor sleep quality
and its associated factors among hypertensive patients on follow up at Jimma
University Medical Center. Journal of Human Hypertension 35(1):94-100
DOI 10.1038/541371-020-0320-x.

Birhanu TT, Hassen Salih M, Abate HK. 2020. Sleep quality and associated fac-
tors among diabetes mellitus patients in a follow-up clinic at the University of
Gondar Comprehensive Specialized Hospital in Gondar, Northwest Ethiopia: a
cross-sectional study. Diabetes, Metabolic Syndrome and Obesity 13:4859—4868
DOI 10.2147/DMS0.S285080.

Bolarinwa OA. 2020. Sample size estimation for health and social science researchers:
the principles and considerations for different study designs. Nigerian Postgraduate
Medical Journal 27(2):67-75 DOI 10.4103/npmj.npmj_19_20.

Bommer C, Sagalova V, Heesemann E, Manne-Goehler J, Atun R, Barnighausen T,
Davies J, Vollmer S. 2018. Global economic burden of diabetes in adults: projections
from 2015 to 2030. Diabetes Care 41(5):963-970 DOI 10.2337/dc17-1962.

Buysse DJ, Reynolds 3rd CF, Monk TH, Berman SR, Kupfer DJ. 1989. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research. Psychiatry
Research 28(2):193-213 DOI 10.1016/0165-1781(89)90047-4.

Carnethon MR, Johnson DA. 2019. Sleep and resistant hypertension. Current Hyperten-
sion Reports 21(5):34 DOI 10.1007/s11906-019-0941-z.

Chasens ER, Sereika SM, Burke LE, Strollo PJ, Korytkowski M. 2014. Sleep, health-
related quality of life, and functional outcomes in adults with diabetes. Applied
Nursing Research 27(4):237-241 DOI 10.1016/j.apnr.2014.02.006.

Chiang GSH, Sim BLH, Lee JJM, Quah JHM. 2018. Determinants of poor sleep
quality in elderly patients with diabetes mellitus, hyperlipidemia and hyperten-
sion in Singapore. Primary Health Care Research & Development 19(6):610-615
DOI10.1017/5146342361800018X.

Chinese Society of Cardiology, Chinese Medical Association, Hypertension Com-
mittee of Cross-Straits Medicine Exchange Association, Cardiovascular
Disease Prevention and Rehabilitation Committee, Chinese Association
of Rehabilitation Medicine. 2018. Chinese guidelines for the management

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 16/21


https://peerj.com
http://dx.doi.org/10.1002/ejsc.12163
http://dx.doi.org/10.1016/j.diabres.2010.07.011
http://dx.doi.org/10.1080/0361073X.2021.1989929
http://dx.doi.org/10.1016/j.chest.2019.12.002
http://dx.doi.org/10.1038/s41371-020-0320-x
http://dx.doi.org/10.2147/DMSO.S285080
http://dx.doi.org/10.4103/npmj.npmj_19_20
http://dx.doi.org/10.2337/dc17-1962
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1007/s11906-019-0941-z
http://dx.doi.org/10.1016/j.apnr.2014.02.006
http://dx.doi.org/10.1017/S146342361800018X
http://dx.doi.org/10.7717/peerj.20325

Peer

of hypertension. Chinese Journal of Cardiovascular Medicine 24(01):24-56
DOI 10.3969/j.issn.1007-5410.2019.01.002.

Cho MC. 2019. Clinical significance and therapeutic implication of nocturnal hyper-
tension: relationship between nighttime blood pressure and quality of sleep. Korean
Circulation Journal 49(9):818-828 DOT 10.4070/kcj.2019.0245.

Chomiuk T, Niezgoda N, Mamcarz A, Sliz D. 2024. Physical activity in metabolic
syndrome. Frontiers in Physiology 15:1365761 DOI 10.3389/fphys.2024.1365761.

Choudhury ME, Miyanishi K, Takeda H, Tanaka J. 2021. Microglia and the aging brain:
are geriatric microglia linked to poor sleep quality? International Journal of Molecular
Sciences 22(15):7824 DOI 10.3390/1jms22157824.

Deurveilher S, Golovin T, Hall S, Semba K. 2021. Microglia dynamics in sleep/wake
states and in response to sleep loss. Neurochemistry International 143:104944
DOI 10.1016/j.neuint.2020.104944.

Dogah J, Bockarie A, Kunkah EK, Boampong AA, Osei GN, Gyimah KB, Teye S, Marfo
E, Donkor DM, Simpong DL. 2025. Evaluation of sleep quality and its determinants
among individuals with diabetes mellitus and/or hypertension: a cross-sectional
study. IBRO Neuroscience Reports 19:143—-147 DOI 10.1016/j.ibneur.2025.06.015.

Donga E, Van Dijk M, Van Dijk JG, Biermasz NR, Lammers GJ, Van Kralingen
K, Hoogma RP, Corssmit EP, Romijn JA. 2010. Partial sleep restriction de-
creases insulin sensitivity in type 1 diabetes. Diabetes Care 33(7):1573-1577
DOI10.2337/dc09-2317.

Driver HS, Taylor SR. 2000. Exercise, and sleep. Sleep Medicine Reviews 4(4):387—402
DOI 10.1053/smrv.2000.0110.

El Kherchi O, Aquil A, Elkhoudri N, Guerroumi M, El Azmaoui N, Mouallif M,
Aitbouighoulidine S, Chokri A, Benider A, Elgot A. 2023. Relationship between
sleep quality and anxiety-depressive disorders in Moroccan women with breast
cancer: a cross-sectional study. Iranian Journal of Public Health 52(7):1457-1465
DOI 10.18502/ijph.v52i7.13247.

Falck RS, Best JR, Davis JC, Eng JJ, Middleton LE, Hall PA, Liu-Ambrose T. 2019. Sleep
and cognitive function in chronic stroke: a comparative cross-sectional study. Sleep
42(5):2s2040 DOI 10.1093/sleep/zsz04.

Ferrannini E, Cushman WC. 2012. Diabetes and hypertension: the bad companions.
Lancet 380(9841):601-610 DOI 10.1016/S0140-6736(12)60987-8.

Ferre A, Rib6é M, Rodriguez-Luna D, Romero O, Sampol G, Molina CA, Alvarez-Sabin
J. 2013. Strokes and their relationship with sleep and sleep disorders. Neurologia
28(2):103—-118 DOI 10.1016/j.nrl.2010.09.016.

First MB. 2013. Diagnostic and statistical manual of mental disorders, 5th edition,
and clinical utility. The Journal of Nervous and Mental Disease 201(9):727-729
DOI10.1097/NMD.0b013e3182a2168a.

Ganidagli S, Ozturk ZA. 2023. Poor sleep quality is an overlooked risk for geriatric
syndromes in older adults with type 2 diabetes mellitus. Postgraduate Medicine
135(7):717-726 DOI 10.1080/00325481.2023.2257125.

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 17/21


https://peerj.com
http://dx.doi.org/10.3969/j.issn.1007-5410.2019.01.002
http://dx.doi.org/10.4070/kcj.2019.0245
http://dx.doi.org/10.3389/fphys.2024.1365761
http://dx.doi.org/10.3390/ijms22157824
http://dx.doi.org/10.1016/j.neuint.2020.104944
http://dx.doi.org/10.1016/j.ibneur.2025.06.015
http://dx.doi.org/10.2337/dc09-2317
http://dx.doi.org/10.1053/smrv.2000.0110
http://dx.doi.org/10.18502/ijph.v52i7.13247
http://dx.doi.org/10.1093/sleep/zsz04
http://dx.doi.org/10.1016/S0140-6736(12)60987-8
http://dx.doi.org/10.1016/j.nrl.2010.09.016
http://dx.doi.org/10.1097/NMD.0b013e3182a2168a
http://dx.doi.org/10.1080/00325481.2023.2257125
http://dx.doi.org/10.7717/peerj.20325

Peer

Grandner MA. 2017. Sleep, and health, and society. Sleep Medicine Clinics 12(1):1-22
DOI 10.1016/j.jsmc.2016.10.012.

Hasan F, Tu YK, Lin CM, Chuang LP, Jeng C, Yuliana LT, Chen TJ, Chiu HY. 2022.
Comparative efficacy of exercise regimens on sleep quality in older adults: a
systematic review and network meta-analysis. Sleep Medicine Reviews 65:101673
DOI 10.1016/j.smrv.2022.101673.

Hefendehl JK, Neher JJ, Siiths RB, Kohsaka S, Skodras A, Jucker M. 2014. Homeostatic
and injury-induced microglia behavior in the aging brain. Aging Cell 13(1):60-69
DOI 10.1111/acel.12149.

Jemere T, Mossie A, Berhanu H, Yeshaw Y. 2019. Poor sleep quality and its predictors
among type 2 diabetes mellitus patients attending Jimma University Medical Center,
Jimma, Ethiopia. BMC Research Notes 12(1):488 DOI 10.1186/s13104-019-4531-6.

Jia G, Sowers JR. 2021. Hypertension in diabetes: an update of basic mechanisms and
clinical disease. Hypertension 78(5):1197-1205
DOI 10.1161/HYPERTENSIONAHA.121.17981.

Kapsimalis F, Basta M, Varouchakis G, Gourgoulianis K, Vgontzas A, Kryger
M. 2008. Cytokines and pathological sleep. Sleep Medicine 9(6):603—614
DOI 10.1016/j.sleep.2007.08.019.

Kishimoto Y, Okamoto N, Saeki K, Tomioka K, Obayashi K, Komatsu M, Kurumatani
N. 2016. Bodily pain, and support, social, depression symptoms and stroke history
are independently associated with sleep disturbance among the elderly: a cross-
sectional analysis of the Fujiwara-kyo study. Environmental Health and Preventive
Medicine 21(5):295-303 DOI 10.1007/s12199-016-0529-7.

Knutson KL, Ryden AM, Mander BA, Van Cauter E. 2006. Role of sleep duration
and quality in the risk and severity of type 2 diabetes mellitus. Archives of Internal
Medicine 166(16):1768—1774 DOI 10.1001/archinte.166.16.1768.

Krittanawong C, Tunhasiriwet A, Wang Z, Zhang H, Farrell AM, Chirapongsathorn S,
Sun T, Kitai T, Argulian E. 2019. Association between short and long sleep durations
and cardiovascular outcomes: a systematic review and meta-analysis. European Heart
Journal. Acute Cardiovascular Care 8(8):762—770 DOI 10.1177/2048872617741733.

Krystal AD. 2012. Psychiatric disorders and sleep. Neurologic Clinics 30(4):1389-1413
DOI 10.1016/j.ncl.2012.08.018.

Kuo CP, Lu SH, Huang CN, Liao WC, Lee MC. 2021. Sleep quality and associated factors
in adults with type 2 diabetes: a retrospective cohort study. International Journal of
Environmental Research and Public Health 18(6):3025 DOT 10.3390/ijerph18063025.

Kuriyama K. 2024. Social determinants of sleep quality: association between sleep quality
and living environment among older individuals. Sleep and Biological Rhythms
22(3):301-302 DOI 10.1007/s41105-024-00533-0.

Kwok CS, Kontopantelis E, Kuligowski G, Gray M, Muhyaldeen A, Gale CP, Peat
GM, Cleator J, Chew-Graham C, Loke YK, Mamas MA. 2018. Self-reported
sleep duration and quality and cardiovascular disease and mortality: a dose-
response meta-analysis. Journal of the American Heart Association 7(15):e008552
DOI 10.1161/JAHA.118.008552.

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 18/21


https://peerj.com
http://dx.doi.org/10.1016/j.jsmc.2016.10.012
http://dx.doi.org/10.1016/j.smrv.2022.101673
http://dx.doi.org/10.1111/acel.12149
http://dx.doi.org/10.1186/s13104-019-4531-6
http://dx.doi.org/10.1161/HYPERTENSIONAHA.121.17981
http://dx.doi.org/10.1016/j.sleep.2007.08.019
http://dx.doi.org/10.1007/s12199-016-0529-z
http://dx.doi.org/10.1001/archinte.166.16.1768
http://dx.doi.org/10.1177/2048872617741733
http://dx.doi.org/10.1016/j.ncl.2012.08.018
http://dx.doi.org/10.3390/ijerph18063025
http://dx.doi.org/10.1007/s41105-024-00533-0
http://dx.doi.org/10.1161/JAHA.118.008552
http://dx.doi.org/10.7717/peerj.20325

Peer

LiY, Buys N, Li L, Sun J. 2022. Sleep quality and its determinants among type 2 diabetes
patients with comorbid metabolic syndrome. Diabetes, Metabolic Syndrome and
Obesity 15:3469-3482 DOI 10.2147/DMS0.5386299.

LiL, Li L, Chai JX, Xiao L, Ng CH, Ungvari GS, Xiang YT. 2020. Prevalence of poor
sleep quality in patients with hypertension in China: a meta-analysis of com-
parative studies and epidemiological surveys. Frontiers in Psychiatry 11:591
DOI 10.3389/fpsyt.2020.00591.

Liu RQ, Qian Z, Trevathan E, Chang JJ, Zelicoff A, Hao YT, Lin S, Dong GH. 2016. Poor
sleep quality associated with high risk of hypertension and elevated blood pressure
in China: results from a large population-based study. Hypertension Research
39(1):54-59 DOI 10.1038/hr.2015.98.

Liu XC, Tang MQ, Hu L, Wang AZ, Wu HX, Zhao GF, Gao CN, Li WS. 1996. Reliability
and validity of the Pittsburgh sleep quality index. Chinese Journal of Psychiatry
02:103-107.

Ma S, Xie X, Yuan R, Xin Q, Miao Y, Leng SX, Chen K, Cong W. 2024. Vascular
aging and atherosclerosis: a perspective on aging. Aging and Disease 16(1):33—48
DOI10.14336/AD.2024.0201-1.

Madrid-Valero JJ, Martinez-Selva JM, Ribeiro Do Couto B, Sanchez-Romera JF,
Ordonana JR. 2017. Age and gender effects on the prevalence of poor sleep quality in
the adult population. Gaceta Sanitaria 31(1):18-22 DOI 10.1016/j.gaceta.2016.05.013.

Maimaitituerxun R, Chen W, Xiang J, Xie Y, Xiao F, Wu XY, Chen L, YangJ, Liu A,
Dai W. 2024. Sleep quality and its associated factors among patients with type 2
diabetes mellitus in Hunan, China: a cross-sectional study. BM] Open 14(2):e078146
DOI 10.1136/bmjopen-2023-078146.

Mikolajczyk-Solinska M, Sliwiriska A, Kosmalski M, Drzewoski J. 2020. The phe-
notype of elderly patients with type 2 diabetes mellitus and poor sleep quality.
International Journal of Environmental Research and Public Health 17(16):5992
DOI 10.3390/ijerph17165992.

Miller MA, Howarth NE. 2023. Sleep and cardiovascular disease. Emerging Topics in Life
Sciences 7(5):457-466 DOI 10.1042/ETLS20230111.

Mills KT, Stefanescu A, He J. 2020. The global epidemiology of hypertension. Nature
Reviews Nephrology 16(4):223-237 DOI 10.1038/s41581-019-0244-2.

Mousavi ME, Nejad SM, Shafaati M, Mykyta-Chomsky R, Akbarpour S, Hada-
vandsiri F. 2023. Association between psychological discomforts and sleep qual-
ity among people living with HIV/aids. AIDS Research and Therapy 20(1):78
DOI10.1186/s12981-023-00579-z.

Nasir NFM, Draman N, Zulkifli MM, Muhamad R, Draman S. 2022. Sleep quality
among patients with type 2 diabetes: a cross-sectional study in the East Coast Region
of Peninsular Malaysia. International Journal of Environmental Research and Public
Health 19(9):5211 DOI 10.3390/ijerph19095211.

Ohishi M. 2018. Hypertension with diabetes mellitus: physiology and pathology.
Hypertension Research 41(6):389-393 DOI 10.1038/541440-018-0034-4.

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 19/21


https://peerj.com
http://dx.doi.org/10.2147/DMSO.S386299
http://dx.doi.org/10.3389/fpsyt.2020.00591
http://dx.doi.org/10.1038/hr.2015.98
http://dx.doi.org/10.14336/AD.2024.0201-1
http://dx.doi.org/10.1016/j.gaceta.2016.05.013
http://dx.doi.org/10.1136/bmjopen-2023-078146
http://dx.doi.org/10.3390/ijerph17165992
http://dx.doi.org/10.1042/ETLS20230111
http://dx.doi.org/10.1038/s41581-019-0244-2
http://dx.doi.org/10.1186/s12981-023-00579-z
http://dx.doi.org/10.3390/ijerph19095211
http://dx.doi.org/10.1038/s41440-018-0034-4
http://dx.doi.org/10.7717/peerj.20325

Peer

Okun ML, Mancuso RA, Hobel CJ, Schetter CD, Coussons-Read M. 2018. Poor sleep
quality increases symptoms of depression and anxiety in postpartum women. Journal
of Behavioral Medicine 41(5):703—710 DOI 10.1007/s10865-018-9950-7.

Oliveira-Silva L, Pecanha T, Fecchio RY, Rezende RA, Abreu A, Silva G, Mion-Junior
D, Cipolla-Neto J, Forjaz CLM, Brito LC. 2020. Poor sleep quality is associated with
cardiac autonomic dysfunction in treated hypertensive men. The Journal of Clinical
Hypertension 22(8):1484-1490 DOI 10.1111/jch.13949.

Petrie JR, Guzik T], Touyz RM. 2018. Diabetes, and hypertension, and cardiovascular
disease: clinical insights and vascular mechanisms. Canadian Journal of Cardiology
34(5):575-584 DOI 10.1016/j.cjca.2017.12.005.

Phan T, Nguyen HPA, Dang CK, Phan MT, Nguyen VT, Le VT, Tran BT, Dang CV,
Ho TH, Nguyen MT, Dinh TV, Phan VT, Dang BT, Quynh HHN, Le MT, Nguyen
NPT. 2023. Sleep quality and poor sleep-related factors among healthcare workers
during the COVID-19 pandemic in Vietnam. Journal of Preventive Medicine and
Public Health 56(4):319-326 DOI 10.3961/jpmph.22.528.

Przezak A, Bielka W, Pawlik A. 2022. Hypertension and type 2 diabetes-the novel
treatment possibilities. International Journal of Molecular Sciences 23(12):6500
DOI 10.3390/ijms23126500.

Rahman SN, Cao DJ, Monaghan TF, Flores VX, Vaysblat M, Moy MW, Agudelo
CW, Lazar JM, Weiss JP. 2021. Phenotyping the association between nocturia
and hypertension: a systematic review and meta-analysis. The Journal of Urology
205(6):1577—-1583 DOI 10.1097/JU.0000000000001433.

Santos RV, Tufik S, De Mello MT. 2007. Exercise, sleep and cytokines: is there a relation?
Sleep Medicine Reviews 11(3):231-239 DOI 10.1016/j.smrv.2007.03.003.

Seravalle G, Mancia G, Grassi G. 2018. Sympathetic nervous system, and sleep, and hy-
pertension. Current Hypertension Reports 20(9):74 DOI 10.1007/s11906-018-0874-y.

Shibabaw YY, Dejenie TA, Tesfa KH. 2023. Glycemic control and its association
with sleep quality and duration among type 2 diabetic patients. Metabolismn Open
18:100246 DOI 10.1016/j.metop.2023.100246.

Society CD. 2021. Guideline for the prevention and treatment of type 2 diabetes
mellitus in China (2020 edition). Chinese Journal of Practical Internal Medicine
41(08):668—695 DOIT 10.19538/j.nk2021080106.

Sonmez I, Karasel S. 2019. Poor sleep quality I related to impaired functional status
following stroke. The Journal of Stroke ¢ Cerebrovascular Diseases 28(11):104349
DOI 10.1016/j.jstrokecerebrovasdis.2019.104349.

Spitzer RL, Kroenke K, Williams JB, Lowe B. 2006. A brief measure for assessing gener-
alized anxiety disorder: the Gad-7. Archives of Internal Medicine 166(10):1092—1097
DOI 10.1001/archinte.166.10.1092.

Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, Stein C, Basit
A, Chan JCN, Mbanya JC, Pavkov ME, Ramachandaran A, Wild SH, James S,
Herman WH, Zhang P, Bommer C, Kuo S, Boyko EJ, Magliano DJ. 2022. IDF
Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 20/21


https://peerj.com
http://dx.doi.org/10.1007/s10865-018-9950-7
http://dx.doi.org/10.1111/jch.13949
http://dx.doi.org/10.1016/j.cjca.2017.12.005
http://dx.doi.org/10.3961/jpmph.22.528
http://dx.doi.org/10.3390/ijms23126500
http://dx.doi.org/10.1097/JU.0000000000001433
http://dx.doi.org/10.1016/j.smrv.2007.03.003
http://dx.doi.org/10.1007/s11906-018-0874-y
http://dx.doi.org/10.1016/j.metop.2023.100246
http://dx.doi.org/10.19538/j.nk2021080106
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.104349
http://dx.doi.org/10.1001/archinte.166.10.1092
http://dx.doi.org/10.7717/peerj.20325

Peer

2021 and projections for 2045. Diabetes Research and Clinical Practice 183:109119
DOI10.1016/j.diabres.2021.109119.

Surani S, Brito V, Surani A, Ghamande S. 2015. Effect of diabetes mellitus on sleep
quality. World Journal of Diabetes 6(6):868—873 DOI 10.4239/wjd.v6.16.868.

TangJ, Liao Y, Kelly BC, Xie L, Xiang YT, Qi C, Pan C, Hao W, Liu T, Zhang F, Chen
X. 2017. Gender and regional differences in sleep quality and insomnia: a general
population-based study in Hunan Province of China. Scientific Reports 7:43690
DOI 10.1038/srep43690.

Tseng TH, Chen HC, Wang LY, Chien MY. 2020. Effects of exercise training on
sleep quality and heart rate variability in middle-aged and older adults with poor
sleep quality: a randomized controlled trial. Journal of Clinical Sleep Medicine
16(9):1483-1492 DOI 10.5664/jcsm.8560.

Vilela LBF, Camargos L, Rodrigues GR, Alves Junior AA, Silva R, Camargo
Junior EB. 2024. Sleep quality of patients with diabetes mellitus: association
with anxiety trait and state. Revista Gacha de Enfermagem 45:€20230111
DOI10.1590/1983-1447.2024.20230111.en.

Wang Y, Guo M, LiJ, Zhang Y, ChengJ, Zhao L, Wang L, Fang G, Chen G, Bai Z, Liang
H, Chen R, Wang L. 2024. Association between sleep quality and living environment
among Chinese older persons: a cross-sectional study. Sleep and Biological Rhythms
22(3):323-331 DOI 10.1007/s41105-023-00510-z.

Wang X, Wang R, Zhang D. 2024. Bidirectional associations between sleep quality/-
duration and multimorbidity in middle-aged and older people Chinese adults: a
longitudinal study. BMC Public Health 24(1):708 DOI 10.1186/s12889-024-17954-8.

World Health Organization. 2023. Global report on hypertension: the race against a
silent killer. World Health Organization. Available at https://www.who.int/teams/
noncommunicable-diseases/hypertension-report.

XuWQ, Tan WY, Li XL, Huang ZH, Zheng HR, Hou CL, Jia FJ, Wang SB. 2022.
Prevalence and correlates of depressive and anxiety symptoms among adults in
Guangdong Province of China: a population-based study. Journal of Affective
Disorders 308:535-544 DOI 10.1016/j.jad.2022.04.089.

Zhang X, Yang XL, Liu S, Ye YS, Yang QT, Xia LN. 2024. Prevalence of hypertension
among type 2 diabetes mellitus patients in China: a systematic review and meta-
analysis. International Health 16(2):144-151 DOI 10.1093/inthealth/ihad047.

Zhao X, Yuan X, Meng D, Liang H, Xiong Y, Li Y, Li S, He M, Cai P. 2025. Preva-
lence and correlates of anxiety and depression among chronically ill older adults
in Zunyi, China: a cross-sectional study. Frontiers in Psychology 16:1560650
DOI 10.3389/fpsyg.2025.1560650.

Feng et al. (2025), PeerJ, DOI 10.7717/peerj.20325 21/21


https://peerj.com
http://dx.doi.org/10.1016/j.diabres.2021.109119
http://dx.doi.org/10.4239/wjd.v6.i6.868
http://dx.doi.org/10.1038/srep43690
http://dx.doi.org/10.5664/jcsm.8560
http://dx.doi.org/10.1590/1983-1447.2024.20230111.en
http://dx.doi.org/10.1007/s41105-023-00510-z
http://dx.doi.org/10.1186/s12889-024-17954-8
https://www.who.int/teams/noncommunicable-diseases/hypertension-report
https://www.who.int/teams/noncommunicable-diseases/hypertension-report
http://dx.doi.org/10.1016/j.jad.2022.04.089
http://dx.doi.org/10.1093/inthealth/ihad047
http://dx.doi.org/10.3389/fpsyg.2025.1560650
http://dx.doi.org/10.7717/peerj.20325

