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Background: Many studies have found that sleep quality is associated with cognitive function, but how sleep quality is related to
cognitive function indirectly through anxiety and depression is still unclear. This study aims to investigate the association between
sleep quality and cognitive function among patients with hypertension in rural areas of Shanxi Province and to analyze the potential
mediating role of anxiety and depression.

Methods: 325 patients with primary hypertension were selected as the research subjects from Daning County and Yonghe County of
Shanxi Province using the multistage cluster random sampling method. The Pittsburgh Sleep Quality Index, Montreal Cognitive
Assessment, Generalized Anxiety Disorder-7, and Patient Health Questionnaire-9 were used to assess their sleep quality, cognitive
function, anxiety, and depression levels, respectively. Structural equation modeling was employed to analyze the mediating effects of
anxiety and depression.

Results: The scores of sleep quality and cognitive function of patients with hypertension were 7.0 (4.0, 8.0) and 19.0 (15.0, 25.0),
respectively. The results of the structural equation model analysis demonstrated that sleep quality was directly associated with
cognitive function in patients with hypertension, with a path coefficient of —0.544, accounting for 59.85% of the total association.
Anxiety and depressive symptoms showed a mediating role in the relationship between sleep quality and cognitive function, with
indirect effects of —0.190 and —0.069, accounting for 20.90% and 7.59% of the total association, respectively. The chain mediating role
of anxiety and depressive symptoms in the relationship between sleep quality and cognitive function among patients with hypertension
was —0.105, accounting for 11.55% of the total association.

Conclusion: These findings underscore the necessity of improving sleep quality and mitigating anxiety and depression as potential
strategies for addressing cognitive deterioration. It is also of great importance for screening and comprehensive management of sleep
and mental health in hypertension care.
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Introduction

Hypertension is defined as a systolic blood pressure > 140 mmHg and/or a diastolic blood pressure > 90 mmHg in three
measurements on different days without the use of antihypertensive drugs.' The 2023 World Health Organization report,
“Global Report on Hypertension: The Race Against a Silent Killer”, indicated that between 1990 and 2019, the number
of people with hypertension worldwide doubled, increasing from 650 million in 1990 to 1.3 billion in 2019. By 2019,
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approximately 49% of men and 59% of women aged 30 to 79 worldwide were suffering from hypertension.>
Hypertension has become a major global public health problem. In recent years, the prevalence of hypertension
among adults in China has also been on the rise, from 23.2% in 2012-2015° to 27.5% in 2018.* The prevalence of
hypertension among adults in China had reached 31.6% by 2021-2022, with a higher prevalence in rural areas (33.7%)
when compared to urban areas (29.1%).’

Hypertension is a risk factor for cardiovascular disease, chronic kidney disease, stroke, and other diseases and for
cognitive impairment (Cogl).®” Cogl is a syndrome characterized by acquired, persistent cognitive dysfunction that leads to
diminished ability to perform daily activities and work, as well as behavioral changes. As the disease progresses, patients
with Cogl may gradually progress from having mild cognitive impairment (MCI) to dementia. About 10%—15% of patients
with MCI develop dementia every year.® One study found that the prevalence of Cogl among patients with hypertension in
China was 37.6%.” Cogl increases the economic burden of patients with hypertension and also increases the rate of
rehospitalization of patients.'®'" Therefore, it is important to detect and identify the risk factors for Cogl at an early stage.

The Emotion Cascade Model (ECM) was formally proposed by Selby and Joiner (2009)'? to explain the dysregulated
behaviors of individuals with borderline personality disorder (BPD) and has since been widely applied in research on
non-suicidal self-injury (NSSI), depression, anxiety, and other areas. Rumination is the core cognitive process of the
Emotion Cascade Model (ECM), defined as the tendency of individuals to repeatedly think about the causes, situational
factors, and consequences of negative emotional experiences; that is, individuals continuously think about and pay
attention to emotion-related stimuli. In emotional cascading, people repeatedly and intensely think about events that
trigger negative emotions, becoming increasingly uneasy in the process. The end result is a self-amplifying positive
feedback loop, containing intense rumination and negative emotions. When rumination interacts with negative emotions,
the cycle repeats, leading to intense and unbearable emotional experiences. The individual becomes completely focused
on the emotional stimuli, making it difficult to break free. Normal distraction methods fail, creating an extremely
aversive, painful, and intolerable emotional state. To “break” this cycle, individuals engage in maladaptive behaviors:
disordered behaviors (such as self-harm, binge eating, and substance abuse) are used to divert attention from the
emotional cascade through intense physical sensations.'?

The core mechanism of ECM can be directly mapped to the sleep-emotion-cognition domain: (1) Sleep — Anxiety:
Initial cascade trigger. Sleep disorders are often accompanied by pre-sleep rumination, focusing attention on the negative
stimulus of “not being able to sleep”. According to ECM, this leads to an increase in the intensity and duration of anxiety.
(2) Anxiety — Depression: Cascading amplification process. The positive feedback loop of ECM explains why anxiety
develops into depression: anxious rumination — intensification of negative emotions — stronger rumination — further
emotional deterioration. When this cycle continues, acute anxiety transforms into persistent depression.'* (3) Depression
— Cognition: The ultimate cascading effect. High levels of rumination in a state of depression consume a significant
amount of cognitive resources. When emotional cascading reaches its peak, normal cognitive regulation strategies fail,
and cognitive functions (attention, memory, and executive functions) are impaired. Cognitive impairment becomes the
“final manifestation” of emotional cascading.'” Therefore, it is crucial and valuable to study the complex relationships
between sleep quality, anxiety, depression, and cognitive function in patients with hypertension.

The Relationship Between Sleep Quality and Cognitive Function
Sleep performs multiple fundamental biological functions within the human body, such as maintenance, repair, and
reconstruction of the organism.'® Headaches, chest pains, and dizziness caused by hypertension often lead to a decline in
patients’ sleep quality.'” In addition, some patients with hypertension have poor blood pressure control at night and may
have either high or low blood pressure.'® High blood pressure can lead to excessive brain activity, making it difficult to
fall asleep, whereas low blood pressure may lead to an insufficient blood supply to the brain, thereby inducing sleep
disorders."” A meta-analysis indicated that the prevalence of poor sleep quality among patients with hypertension in
China was as high as 52.5%, and their risk of experiencing poor sleep quality was 2.7 times higher than that among
healthy controls.?

Sleep deprivation acutely impairs fundamental cognitive functions, including concentration, alertness, and reaction
speed, while also disrupting critical processes of memory consolidation and retrieval’'—a phenomenon exemplified by
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the diminished recall often experienced by students after intensive last-minute study sessions. Beyond these immediate
effects, higher-order executive functions such as planning, problem-solving, and decision-making are similarly compro-
mised, resulting in increased error rates and reduced efficiency during complex tasks.”? In the long term, chronic poor
sleep quality significantly elevates the risk of progressive cognitive decline.”® Research indicates that individuals with
chronic insomnia face a 40% higher risk of developing mild cognitive impairment or dementia compared with those
without insomnia (HR 1.40, 95% CI 1.07-1.85)—an increase equivalent to approximately 3.5 years of brain aging.*®
Moreover, persistent sleep disturbances are associated with structural alterations in the brain, including the development
of white matter hyperintensities (indicative of small vessel disease) and an increased accumulation of amyloid plaques,
a key neuropathological hallmark of Alzheimer’s disease (AD).**

Studies have established a strong association between poor sleep quality and MCI, with prevalence rates of sleep
disturbances estimated between 35% and 48% among MCI patients.”®> This association strengthens with disease
progression: sleep disorders are reported in approximately 25%° of patients with mild-to-moderate AD, a prevalence
that rises sharply to 50% among those with moderate-to-severe AD.?’

The Mediating Role of Anxiety
In addition to direct effects, sleep quality may also indirectly influence cognitive function through mediating factors, with
anxiety emerging as a key potential mediator.”® As a disorder of emotional regulation, anxiety may impair cognitive
performance by disrupting the allocation of neurocognitive resources and interfering with emotion regulation processes.*’

Existing research highlights a close interrelationship among sleep quality, anxiety, and cognitive function. Studies
show that sleep quality is significantly correlated with anxiety levels. Chronically poor sleep increases an individual’s
vigilance to environmental threats, thereby inducing or exacerbating anxiety.>*>' In addition, the negative impact of
anxiety on cognitive function has been established across multiple domains. Research indicates that elevated anxiety is
associated with deficits in executive function, working memory, and attentional control.>* For instance, anxiety may
consume limited cognitive resources and reduce the efficiency of task-relevant information processing, ultimately
compromising performance on cognitive tasks.>

Although existing evidence supports the two independent paths of “sleep quality-anxiety” and “anxiety-cognitive
function”, few studies have systematically explored the mediating mechanism of anxiety in the relationship between
sleep quality and cognitive function. It is worth noting that some studies have observed that the deterioration of sleep
quality may indirectly affect cognitive performance through the emotional regulation path, suggesting that anxiety may
be a psychological bridge between the two.>* An experimental study found that sleep disturbance can induce anxiety,
which in turn affects the reaction speed and accuracy of subjects in attention tasks;>> another longitudinal study showed
that after sleep quality improved, individuals’ anxiety levels decreased, and their performance in cognitive tests
improved.*® Based on the above theoretical and empirical basis, this study proposes the hypothesis that anxiety plays
a mediating role between sleep quality and cognitive function.

The Mediating Role of Depression

As a fundamental physiological process crucial for maintaining normal cognitive function, sleep quality plays a key
regulatory role in attention, memory, and executive function.’’” Numerous studies have shown that chronic sleep
disorders, such as insomnia and poor sleep efficiency, can lead to depletion of cognitive resources and accelerate
cognitive aging.*® Concurrently, depression is highly prevalent among patients with hypertension.*® Its core symptoms
—including low mood, lack of motivation, and cognitive slowing—are not only strongly comorbid with sleep dis-
turbances but may also directly impair cognitive processing efficiency, particularly in domains such as working memory,
information processing speed, and decision-making ability.*’

Longitudinal evidence indicates that declines in sleep quality significantly elevate the risk of depression, which
in turn can further exacerbate cognitive decline, suggesting that depression may serve as a mediator between sleep
and cognition.*! Specifically, poor sleep quality may trigger or worsen depressive symptoms by disrupting neu-
roendocrine regulation (eg, dysfunction of the HPA axis), increasing inflammatory responses, and impairing emotion
regulation capacity.*> A depressive state, in turn, may contribute to reduced cognitive performance through
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mechanisms such as diminished cognitive engagement, heightened negative cognitive bias, and lowered psycholo-
gical resilience.*’ In other words, the effect of sleep on cognition is not entirely direct; part of this relationship may
operate through the psychological pathway of depression.** Based on theoretical frameworks and empirical findings,
this study proposes the hypothesis that depression mediates the relationship between sleep quality and cognitive

function.

The Chain Mediating Role of Anxiety and Depression

Polysomnography and actigraphy studies have demonstrated a remarkable association between poor sleep quality and
impaired neuropsychological function.*> Poor sleep quality may lead to an imbalance of levels of neurotransmitters
related to mood regulation in the brain, such as serotonin and dopamine, thereby increasing the risk of anxiety and
depression.*® One study found that people with insomnia were nearly 40 times more likely to develop depression and
more than 6 times more likely to develop anxiety than those without insomnia.*’ In addition, several prospective studies
have shown that anxiety symptoms can predict the onset of depressive symptoms. For example, a study by Pine et al
found that anxiety and depressive symptoms in adolescence affect mental health in adolescence and remarkably increase
the risk of depression in adulthood, with the risk increasing by about 2 to 3 times.*® Another study based on a New
Zealand birth cohort found that in 37% of depression cases, anxiety occurred before or at the same time as depression.
The relationship between sleep quality and mental health is thus well-established.*’

Anxiety and depression are often associated with cognitive decline.’® People with depression are more likely to
experience cognitive decline compared to healthy people, especially when depression is concurrent with anxiety.”'
Neurophysiological studies have also shown that depressive symptoms may reduce the production of serum brain-derived
neurotrophic factor, leading to neuronal and hippocampal atrophy, thereby affecting cognitive function.’> Based on
these findings, this study proposes the hypothesis that the symptoms of anxiety affect those of depression and that anxiety
and depression have a chain mediating effect between sleep quality and cognitive function.

Research Questions

The mediating effect refers to the mechanism of action in which the independent variable indirectly affects the dependent
variable through the mediating variable. The chain mediating effect refers to the indirect influence mechanism in which
there are multiple mediating variables in the study, and a chain of transmission is formed; that is, the process in which the
independent variable is transmitted through multiple mediating variables, which ultimately affects the dependent
variable. However, most of the existing studies focus on the relationship between anxiety, depression, sleep quality,
and cognitive function. Whether anxiety and depression have chain mediating effects between sleep quality and cognitive
function has not been fully verified.>*>* In addition, no prior study has examined sleep-cognition relationships in rural
hypertensive populations in Shanxi Province, China—an underserved group with high cardiovascular risk and limited
healthcare access. We employed structural equation modeling with serial mediation analysis and bootstrap inference to
disentangle direct and indirect pathways, an approach rarely applied in this population. The chain mediation model
advances understanding by quantifying the relative contributions of anxiety and depression as sequential mediators.
Therefore, this study aims to explore the relationship between sleep quality and cognitive function and the mediating role
of depression and anxiety in this relationship. We specifically put forward the following hypotheses:

Hypothesis 1: Poor sleep quality in patients with hypertension has a negative impact on cognitive function.
Hypothesis 2: Anxiety has a mediating effect between sleep quality and cognitive function.
Hypothesis 3: Depression has a mediating effect between sleep quality and cognitive function.

Hypothesis 4: Anxiety and depression have a chain mediating effect between sleep quality and cognitive function.
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Materials and Methods

Participants
In July 2024, a multistage cluster random sampling method was used to select patients with primary hypertension in Daning
County and Yonghe County, Linfen City, Shanxi Province, for investigation. The inclusion criteria were as follows: (1) age >
18 years; (2) patients with essential hypertension among permanent residents in Daning County or Yonghe County, in Linfen
City, Shanxi Province (permanent residents refer to those who had resided in Daning County or Yonghe County, Linfen City,
Shanxi Province, for 6 months or more within the past 12 months); (3) the diagnostic criteria for hypertension were based on
the diagnostic criteria in the “Chinese Guidelines for the Prevention and Treatment of Hypertension (2024 Revised Edition)”.1
In patients not on antihypertensive medication, a diagnosis of hypertension can be made if three separate clinic blood pressure
readings on different days exceed 140/90 mmHg, home blood pressure measurements over 5—7 consecutive days exceed 135/
85 mmHg, or 24-hour ambulatory blood pressure monitoring shows an average greater than 130/80 mmHg, with daytime
readings exceeding 135/85 mmHg and nighttime readings exceeding 120/70 mmHg. Patients with a history of hypertension
who are currently taking antihypertensive medication should still be diagnosed with hypertension even if their blood pressure
is below the above diagnostic thresholds; (4) The patient can communicate independently. Exclusion criteria: (1) age < 18
years; (2) patients with primary hypertension who are not permanent residents of Daning County or Yonghe County, Linfen
City, Shanxi Province; (3) patients with secondary hypertension (such as renal hypertension and endocrine hypertension); (4)
those who cannot communicate normally.

Informed consent was obtained from all the participants in the study. This study has been reviewed by the Ethics
Committee of Shanxi Medical University (2020SLL201).

Sample Size Estimation

According to the sample size estimation formula of the structural equation modeling, the recommended sample size should
ideally be 10 to 15 times the number of scale dimensions. In this study, the sample size was calculated by multiplying 15 by 16
dimensions, so the minimum sample size was 240. Considering a potential 15% rate of invalid questionnaires, a total sample
size of 276 participants was deemed necessary. The initial study recruited 350 participants, following which 25 participants
were excluded due to the obvious irregularity of their answers. Therefore, this study included a total of 325 participants.

Measures
General Information Questionnaire
The main contents included gender, age, education level, marital status, and living style.

Sleep Quality

The Pittsburgh Sleep Quality Index was compiled by Dr. Buysse and other psychiatrists at the University of Pittsburgh in
the United States in 1989.°> Translated and localized by Xianchen Liu et al’® It is suitable for evaluating sleep quality in
patients with sleep disorders and psychiatric conditions, as well as for assessing sleep quality in the general population. The
scale comprises a total of 19 items, including 7 dimensions of sleep latency, sleep disturbance, subjective sleep quality,
sleep duration, sleep efficiency, use of hypnotic drugs, and daytime dysfunction. Each dimension is scored between 0 and 3
points, and the total score is between 0 and 21 points. Among them, a total score between 0 and 5 points indicates very good
sleep quality, 6 and 10 points indicate good sleep quality, 11 and 15 points indicate general sleep quality, and 16 and 21
points indicate poor sleep quality. In this study, the Cronbach’s a coefficient of the scale was 0.762.

Cognitive Function

The Montreal Cognitive Assessment (MoCA) was compiled by Nasreddine et al’” and the Beijing version was translated
and localized by Wei Wang et al’® MoCA assesses the cognitive function of the subjects across seven aspects, namely,
visuospatial and executive function, naming, attention, language ability, abstraction, delayed recall, and orientation. The
scores of all the items were added to obtain the total score. A total score of > 26 indicated normal cognitive function, and
a score of < 26 indicated cognitive decline. Those with 12 years or less of education were given an additional point to
correct for the influence of their education level. In this study, the Cronbach’s a coefficient of the scale was 0.789.
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Depression

The Patient Health Questionnaire-9 was used to assess depressive symptoms. This scale was based on the nine-symptom
criteria for depression in the Diagnostic and Statistical Manual of Mental Disorders published by the American
Psychiatric Association.’® Translated and localized by Yuan Feng et al®® The scale contains nine items where each
item is scored from 0 to 3; 0 means that the symptom never appears and 3 means that the symptom appears almost
every day. The total score ranges from 0 to 27, with > 5 indicating mild depression, > 14 indicating moderate depression,
and > 20 indicating severe depression. In this study, the Cronbach’s a coefficient of the scale was 0.711.

Anxiety

The Generalized Anxiety Disorder-7 was compiled by Spitzer et al®' Translated and localized by Xiaoyan He et al®* The
scale contains seven items to assess the anxiety status of individuals in the 2 weeks before the survey. Each item has four
options (0, 1, 2, and 3), where 0 represents never and 3 represents almost every day. The total score is 0-21 points, where

> 5 points represents mild anxiety, > 10 points represents moderate anxiety, and > 15 points represents severe anxiety. In
this study, the Cronbach’s a coefficient of the scale was 0.728.

Procedure

This study employed both electronic and paper-based questionnaires. The electronic questionnaire was used to investi-
gate the general information, sleep quality, and the anxiety and depressive symptoms of patients with hypertension. The
paper-based questionnaire was used to investigate the cognitive function of patients. We chose qualified designers to
design the questionnaire, who fully understood the purpose and theme of the survey, and strictly implemented the correct
design procedures. The questionnaires were distributed and collected by investigators who had received standardized
training. The questionnaire items were explained uniformly before filling in the questionnaires to ensure consistency. The
purpose of the survey was explained to make the subjects fully understand and voluntarily participate in the survey to
reduce the nonresponse bias. The data collection mainly requires filling of the electronic questionnaire and is supple-
mented by the paper questionnaire. To ensure the integrity of the electronic questionnaire responses, it can only be
submitted after all the items have been completed. The paper questionnaires were collected on the spot after completion,
and the investigators checked whether there were any omissions or wrong options. If there were any, they were returned
to the patients promptly for reconfirmation. The data were then entered after two people verified it.

Statistical Analysis

SPSS 27.0 software was used for the statistical analysis of the data. Harman’s single-factor test was used to analyze the common
method bias of the data. Continuous variables that did not conform to the normal distribution were expressed as quartiles [M (P;s,
P55)], and categorical variables were expressed as n (%). Spearman correlation analysis was used to analyze the correlation
between sleep quality, cognitive function, anxiety, and depression. The structural equation model was constructed by AMOS 26.0
software, and the mediating effect of the model was verified by Bootstrap. Gender, age, and education level were included as
control variables. P < (.05 was considered statistically significant. The models’ goodness of fit was evaluated using the following
criteria: minimum discrepancy function based on Chi-squared divided by degrees of freedom (5*/df) (< 3 good, < 5 acceptable),
goodness of fit index (GFI) > 0.80, adjusted goodness of fit index (AGFI) > 0.80, comparative fit index (CFI) > 0.80, incremental
fit index (IFT) > 0.80, Tucker-Lewis index (TLI) > 0.80, and root mean square error of approximation (RMSEA) < 0.08.%

Results

Basic Characteristics of the Study Participants

A total of 325 people were surveyed, including 133 males (40.92%) and 192 females (59.08%), 240 people (73.85%)
were aged 60 years or above, 167 people (51.38%) had a primary school education or below, 290 people (89.23%) were
married, and 290 people (89.23%) were living with others. The body mass index (BMI) classification showed that 112
people had a normal weight, accounting for 34.46%; 128 people were overweight, accounting for 39.38%; and 79 people
were obese, accounting for 24.31%. See Table 1.
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Table | Basic Characteristics of Patients
with Hypertension in Daning County and
Yonghe County, 2024 (N = 325)

Characteristic n (%)
Gender
Male 133 (40.92)
Female 192 (59.08)
Age (years)
<45 5(1.54)
45-60 80 (24.62)
260 240 (73.85)

Education Level
Primary school or below | 167 (51.38)

Junior high school 117 (36.00)

High school or above 41 (12.62)
Marital Status

Unmarried 2 (0.62)

Married 290 (89.23)

Divorced or widowed 33 (10.15)
Living Arrangement

Living alone 35 (10.77)

Living with others 290 (89.23)
BMI (kg/m?)

<185 6 (1.85)

18.5-23.9 112 (34.46)

24-27.9 128 (39.38)

228 79 (24.31)

Scores of Sleep Quality, Cognitive Function, Anxiety, and Depression of Patients with
Hypertension

The score of sleep quality of patients with hypertension was 7.0 (4.0, 8.0); the cognitive function score was 19.0 (15.0,
25.0); the anxiety score was 2.0 (0.0, 4.0); and the depression score was 3.0 (2.0, 5.0). For details on the dimensions and
total scores of each scale, see Table 2.

Table 2 PSQI and MoCA Scores in Patients with
Hypertension [M (P,s, P7s)]

Dimension Score (Points)
Total PSQI Score 7.0 (4.0, 8.0)
Subjective sleep quality 1.0 (1.0, 1.0)
Sleep latency 1.0 (0.0, 2.0)
Sleep duration 2.0 (1.0, 2.0)
Sleep efficiency 0.0 (0.0, 1.0)
Sleep disturbances 1.0 (1.0, 1.0)
Use of sleep medication 0.0 (0.0, 0.0)
Daytime dysfunction 1.0 (1.0, 1.0)

(Continued)
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Table 2 (Continued).

Dimension Score (Points)
Total MoCA Score 19.0 (15.0, 25.0)
Visuospatial and executive abilities 2.0 (0.0, 3.0)
Naming 3.0 (2.0, 3.0)
Attention 5.0 (4.0, 6.0)
Language 3.0 (1.0, 3.0)
Abstraction 1.0 (0.0, 1.0)
Delayed recall 1.0 (0.0, 2.0)
Orientation 5.0 (4.0, 6.0)

Correlation Analysis of Sleep Quality, Cognitive Function, Anxiety, and Depression in

Patients with Hypertension

Spearman correlation analysis showed that (1) the total score of sleep quality in patients with hypertension was positively
correlated with the total score of anxiety ( = 0.280, P < 0.01), positively correlated with the total score of depression (» =
0.337, P <0.01), and negatively correlated with the total score of cognitive function (» = —0.219, P < 0.01); (2) the total
score of anxiety was positively correlated with the total score of depression (r = 0.711, P < 0.01) and negatively
correlated with the total score of cognitive function (» = —0.303, P < 0.01); and (3) the total score of depression was
negatively correlated with the total score of cognitive function (» = —0.292, P < 0.01). (Table 3).

The Mediating Effects of Anxiety and Depression Between Sleep Quality and Cognitive
Function in Patients with Hypertension

Bias Validation

Harman’s single-factor test was used to verify the common factor deviation. When the factor was not rotated, 11 characteristic
root factors were > 1. The first factor could explain 17.46% of the variation. Since this was lower than the critical value
standard of 40.00%, it indicates that there was no obvious common method deviation in the variables of this study.

Chain Mediating Effect of Anxiety and Depression
AMOS 26.0 was used for the analysis of mediation effects, with cognitive function as the dependent variable, sleep
quality as the independent variable, and anxiety and depression as the mediating variables. The bootstrap method was
used to draw samples 5000 times, and the maximum likelihood method was used to construct the structural equation
model. When the 95% CI did not contain 0, the mediation effect was established. The chain mediating effect model of
anxiety and depression showed that the fitting indexes met the relevant evaluation criteria: y*/df = 2.371, GFI = 0.907,
AGFI = 0.870, CFI = 0.881, IFI = 0.884, TLI = 0.850, and RMSEA = 0.065. The standardized path coefficients of the
final model are shown in Figure 1.

After controlling for gender, age, and education level, the chain mediation path coefficients of anxiety and depression
between sleep quality and cognitive function showed (see Table 4) that all path coefficients were statistically significant

Table 3 Correlations Among Total Scores of Sleep Quality, Cognitive Function,
Anxiety, and Depression in Patients with Hypertension (r Values)

Variable Sleep Quality | Cognitive Function | Anxiety | Depression
Sleep quality 1.000

Cognitive function —0.219%* 1.000

Anxiety 0.280%** —0.303** 1.000

Depression 0.337%* —0.292%* 0.711* 1.000

Note: ** P < 0.01.
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Figure | Direct and indirect relationships across sleep quality, cognitive function, anxiety and depression. The figure underscores the significant mediating effects of anxiety
and depression on the relationship between sleep quality and cognitive function.

Note: All the path coefficients were standardized. *P < 0.05.

(P < 0.05) and that the 95% CI did not include 0. Sleep quality in patients with hypertension was associated with

cognitive function (path 1), with an association value of —0.544, accounting for 59.85% of the total association. Anxiety

symptoms in patients with hypertension showed a mediating role between sleep quality and cognitive function, with an

effect value of —0.190, accounting for 20.90% of the total association (path 2). Depressive symptoms in patients with

Table 4 Chain Mediation Path Coefficients of Anxiety and Depression in Patients with Hypertension

Path Std Unstd SE t-value | P-value | SMC | CR | AVE
Sleep quality — anxiety 0.329 2.046 | 0432 | 4737 <0.05
Sleep quality — depression 0.143 1.027 | 0.347 | 2955 <0.05
Anxiety — depression 0.660 0.760 | 0.047 | 16.028 <0.05
Sleep quality — cognitive function —0.173 | —0.544 | 0.211 | —2.577 <0.05
Anxiety — cognitive function —0.185 | —0.093 | 0.038 | —2.448 <0.05
Depression — cognitive function —0.154 | —0.067 | 0.034 | —2.006 <0.05
Sleep quality — daytime dysfunction 0.484 1.000 0.234 | 0.769 | 0.343
Sleep quality — sleep latency 0.792 2361 | 0293 | 8.056 <0.05 | 0.627
Sleep quality— sleep duration 0.621 1.397 | 0.191 7.295 <0.05 0.386
Sleep quality— sleep efficiency 0.587 1.468 | 0.207 | 7.084 <0.05 0.345
Sleep quality — sleep disturbances 0.532 0.718 | 0.107 | 6.700 <0.05 0.283
Sleep quality — use of sleep medication 0.198 0.189 | 0.061 3.101 <0.05 0.039
Sleep quality — subjective sleep quality 0.699 1.204 | 0.156 | 7.707 <0.05 0.489
Cognitive function — visuospatial and executive abilities | 0.698 1.000 0.487 | 0.788 | 0.354
Cognitive function — naming 0.384 0.230 | 0.037 | 6.173 <0.05 0.147
Cognitive function — attention 0.594 0.815 | 0.088 | 9.293 <0.05 0.353
Cognitive function — language 0.640 0.609 | 0.061 9.939 <0.05 0410
Cognitive function — abstraction 0.665 0.488 | 0.048 | 10.264 <0.05 0.442
Cognitive function — delayed recall 0.636 0.839 | 0.085 | 9.882 <0.05 0.404
Cognitive function — orientation 0.487 0618 | 0.080 | 7.737 <0.05 0.237
(Continued)
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Table 4 (Continued).

Path Std Unstd | SE | t-value | P-value | SMC | CR | AVE
Gender — anxiety 0.096 0412 | 0.234 1.759 >0.05
Age — anxiety 0.033 0.010 | 0.0l6 | 0618 >0.05
Education level — anxiety —0.040 | —0.121 | 0.161 | —0.752 >0.05
Gender — depression 0.041 0.202 | 0.195 1.035 >0.05
Age — depression —0.012 | —0.004 | 0.013 | —0.321 >0.05
Education level — depression —0.056 | —0.196 | 0.134 | —1.465 >0.05
Gender — cognitive function 0.200 0433 | 0.119 | 3.640 <0.05
Age — cognitive function —0.225 | —0.034 | 0.008 | —4.231 <0.05
Education level — cognitive function 0.388 0.591 | 0.087 | 6.809 <0.05

Table 5 Chain Mediating Effects of Anxiety and Depression in Patients with Hypertension

Effect Type Path Effect Size | SE Proportion | P Bootstrap 95% CI
(%)
Path | Sleep quality — cognitive function —0.544 0214 | 59.85 <0.05 | [-1.025, —0.178]
Path 2 Sleep quality — anxiety — cognitive function —0.190 0.088 | 20.90 <0.05 | [-0.406, —0.049]
Path 3 Sleep quality — depression — cognitive function —0.069 0.041 | 7.59 <0.05 | [-0.178, —0.010]
Path 4 Sleep quality— anxiety — depression — cognitive function | —0.105 0.061 | 11.55 <0.05 | [-0.251, —0.010]
Total indirect effect | — —-0.365 0.103 | 40.15 <0.05 | [-0.605, —0.200]
Total effect — -0.909 0.233 | 100.00 <0.05 | [-1.436, —0.529]

hypertension showed a mediating role between sleep quality and cognitive function, with an effect value of —0.069,
accounting for 7.59% of the total association (path 3). The chain mediating effect of anxiety and depression symptoms in
patients with hypertension between sleep quality and cognitive function was —0.105, accounting for 11.55% of the total
association (path 4). The total indirect association was —0.365, accounting for 40.15% of the total association. Total
association = —0.909. The 95% CI of the above mediating effects did not include 0; hence, the mediating roles of anxiety
and depression, and the chain mediating effect were all observed. (see Table 5).

Discussion

This study examined the roles of anxiety and depression in the relationship between sleep quality and cognitive function
in patients with hypertension in rural areas of Shanxi Province, China. The chain mediation effect analysis showed that
anxiety and depression had a mediating effect between sleep quality and cognitive function in patients with hypertension.
Consequently, our findings validated the hypotheses we initially proposed.

Hypertension may contribute to cerebral small vessel disease, such as white matter lesions, microbleeds, and brain
atrophy, which in turn affect cognitive function. Long-term hypertension is associated with insufficient cerebral blood
perfusion, impairing normal brain metabolism and function.®* Hypertension may further trigger inflammatory responses,
releasing inflammatory factors that damage neurons and affect cognitive abilities.®> A study indicates that cognitive
decline following the onset of hypertension gradually accelerates over subsequent years. This suggests that the
cumulative effect of hypertension on brain function is progressive, with prolonged exposure being associated with
more severe Cogl.®® Compared to the general population, people with hypertension are more susceptible to Cogl.®”-®®

The chain mediation effect refers to any indirect influence mechanisms whereby independent variables affect
dependent variables through multiple interrelated mediating variables. It reveals sequential transmission pathways
among variables, not just the direct action of a single mediator. This study explored the mediating effect of anxiety
and depression symptoms in patients with hypertension on sleep quality and cognitive function, thereby uncovering the
underlying mechanisms through which sleep quality is associated with cognitive function in this population.
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Our findings confirmed that poor sleep quality is associated with Cogl in patients with hypertension, consistent with
previous research.®”’® Sleep can replenish the body’s energy, enhance its resistance, and promote the body’s normal
growth and development. It plays an extremely important role in maintaining the body’s normal psychological activities
and preserving good mental health.”' Poor sleep quality, especially low sleep efficiency and short nighttime sleep
duration, was associated with fatigue and excessive daytime sleepiness, which were associated with cognitive decline.””
Biomarker analysis showed that long-term sleep deprivation was associated with increased neuronal activity and
excessive production and deposition of soluble p-amyloid protein that were associated with AD.”® Poor sleep quality
was associated with elevated cortisol, tissue damage, and neuroinflammation in the brain,74 which in turn affects the
hippocampus and impairs learning and memory,”” and was associated with cognitive decline.

This study confirmed that anxiety and depression play a mediating role between sleep quality and cognitive function
in patients with hypertension. A previous study showed that the level of insomnia in patients with hypertension was
higher than that in normotensives, and that the proportion of anxiety and depression in the insomnia group was much
higher than that in the normal sleep group, which indicated that patients with hypertension and poor sleep quality were
more likely to have anxiety and depression symptoms.’® Several studies have confirmed that there is a close relationship

between sleep disorders, anxiety, and depression in patients with hypertension,’””®

which may be related to the abnormal
overlap of neurotransmitters and brain structures in the sleep-wake cycle, anxiety, and depression.”® Good sleep quality
can promote emotional health and prevent the development of mental disorders.®*® On the contrary, sleep deprivation can
have a negative impact on people’s emotions, cognition, and daily functions and increase the risk of anxiety and
depression.®' Furthermore, anxiety and depression symptoms are markedly associated with Cogl. Anxiety is associated
with a decline in one’s working memory®* and the ability to recognize one’s emotions, and depression can damage
patients’ attention, executive function, memory, and other cognitive fields.*> A study has shown that poor sleep quality
may affect cognitive function, especially in people with higher levels of depression.** A survey of rural elderly people in
Guizhou Province, Xiong Yan and others found that depression may be an important mediating factor between sleep
quality and cognitive function, and the mediating effect of depression (64.94%) is greater than the direct effect of sleep
quality (35.06%).*> Given the mediating effect of anxiety and depression between sleep quality and cognitive function,
improving sleep quality in patients with hypertension can help alleviate anxiety and depressive symptoms, thereby
slowing the rate of cognitive decline.

This study confirmed the chain mediating role of anxiety and depression on sleep quality and cognitive function in
patients with hypertension. A previous study has shown that poor sleep quality was associated with fatigue and excessive
daytime sleepiness, which can increase anxiety levels. Slow-wave sleep and rapid eye movement sleep disturbances were
associated with increased daytime fatigue and a reduced ability to relieve stress.*® In addition, when patients with
hypertension are anxious, the sympathetic nervous system in the body is overexcited, leading to an increase in the
secretion of catecholamines such as adrenaline and norepinephrine. These substances further increase blood pressure and
affect the limbic system of the brain and the hypothalamic—pituitary—adrenal axis, which in turn affects mood regulation
and increases the risk of depression.®’*® In addition, individuals with anxiety often exhibit excessive worry about the
future and fear of uncertainty. This negative cognitive pattern was associated with pessimistic interpretations of life
events, intensifying low mood and triggering depression.®” Depressive symptoms were associated with hippocampal
atrophy, which in turn impairs memory function. Depressive symptoms were also associated with a decline in cognitive
function and an accelerated rate of cognitive decline.’™®! A study found that depressive symptoms in patients with
hypertension were markedly associated with cognitive decline, and the more severe the depressive symptoms, the greater
the risk of cognitive decline.”” A growing body of prospective evidence suggests that depression is an important risk
factor in the development of dementia in the future.”

Furthermore, the observed serial pathway from sleep quality through anxiety to depression and ultimately cognitive
function may be underpinned by two interconnected biological mechanisms: circadian rhythm dysregulation and
glymphatic system dysfunction. First, circadian disruption is intimately linked to both sleep disturbance and affective
disorders. Dysregulated circadian rhythms alter cortisol secretion patterns and monoaminergic neurotransmission,
precipitating anxiety symptoms that, when chronic, progress to depressive states—consistent with our serial mediation
model.”* This circadian perspective suggests that sleep problems in hypertensive patients may indicate broader

Psychology Research and Behavior Management 2026:19 https: 11



Li et al

chronobiological misalignment with treatment implications (eg, timed light exposure, chronotherapeutic interventions).
Second, sleep serves as the principal modulator of the glymphatic system, which clears metabolic waste and supports
neuronal homeostasis. Emerging evidence indicates that glymphatic dysfunction constitutes a transdiagnostic mechanism
connecting sleep disturbance, psychiatric symptoms, and cognitive impairment.”® Specifically, inadequate sleep compro-
mises glymphatic clearance, promoting neuroinflammation and synaptic dysfunction that manifests as anxiety and
depressive symptoms, with cumulative effects on cognitive performance. This framework aligns with our finding that
anxiety and depression sequentially transmit sleep quality effects to cognition and underscores the need for longitudinal
studies to establish causal directions.

Adequate sleep is essential for improving cognitive function and mental health. Many studies have advocated for
greater cooperation between sleep specialists, neurologists, clinicians, nurses, and rehabilitation specialists to expand the
understanding of this field and bring peaceful sleep to patients with hypertension. The current research results remind
clinicians to pay attention to possible sleep and psychological problems when receiving patients with Cogl. Researchers
can consider interventions in sleep and psychology when solving for subjective cognitive problems in the future. At the
same time, it is suggested that the optimization direction of the management of patients with hypertension in rural areas
should shift from linear intervention to system construction, especially the need to build a mental health cultivation

mechanism and strengthen the management of psychological problems.

Limitations and Future Directions

This study has several limitations that point to directions for future research. First, this study adopted a cross-sectional
design, and the mediating effects observed through structural equation modeling cannot confirm the causal relationships
between the variables. Future longitudinal studies can be conducted to verify the proposed causal pathways. Second,
unmeasured variables (such as the duration of hypertension, medication usage, or other comorbidities) may act as
confounding factors that could affect the observed associations. In the future, potential confounding factors can be
comprehensively assessed to minimize their impact as much as possible. Third, the sample for this study was drawn from
rural areas in two counties of Shanxi Province. Although selected from counties designated as nationally impoverished
by China’s National Health Commission, it can to some extent reflect living conditions in similar regions. However, this
selection may limit the applicability of our results to urban populations or other geographic regions with different
socioeconomic characteristics. Rural residents in Shanxi may have distinct health behaviors, healthcare access, and
lifestyle patterns compared to their urban counterparts or populations in other provinces. Future research should therefore
validate these results in diverse settings, including urban areas and other provinces, to enhance the generalizability of the
conclusions. Fourth, the standard MoCA education correction (one point for < 12 years) may underestimate cognitive
function in a rural population with predominantly low education. Caution is needed when generalizing these cognitive
scores. Future research can establish cognitive test standards based on rural populations, rather than relying on standard
correction methods designed for urban or higher education samples, in order to accommodate the educational level of
rural populations. Finally, this study primarily relies on self-report questionnaires, lacking support from objective
neuroimaging or biological indicators, which may lead to recall bias. Future studies can reduce recall bias by increasing
objective measurement tools such as physiological index measurement and behavior monitoring and by connecting with
the electronic medical record system of hospitals or the health record system of village health rooms.

Conclusion

These findings suggest that sleep quality in patients with hypertension is associated with cognitive function and that
anxiety and depression play a chain mediating role in the relationship between sleep quality and cognitive function,
thereby underscoring the necessity of improving sleep quality and mitigating anxiety and depression as potential
strategies for addressing cognitive deterioration. It is also of great importance for screening and comprehensive manage-

ment of sleep and mental health in hypertension care.
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