
O R I G I N A L  R E S E A R C H

Metamemory and Emotional Contributions to the 
Relationship Between Cognitive Function and 
Medication Adherence in H-Type Hypertension: A 
Cross-Sectional Mediation Analysis
Gang Wu1,*, Sixuan Li2,*, Qiansheng Jin3, Jiang Nan4, Xuehua Liu1, Qingjie Zhu3, Lingxiang Guo1

1Department of Cardiac Intensive Care Unit, Northern Jiangsu People’s Hospital, Yangzhou, Jiangsu, People’s Republic of China; 2Department of 
Thoracic Surgery, Northern Jiangsu People’s Hospital, Yangzhou, Jiangsu, People’s Republic of China; 3Department of Intensive Care Unit, Northern 
Jiangsu People’s Hospital, Yangzhou, Jiangsu, People’s Republic of China; 4Wuxi School of Medicine, Jiangnan University, Wuxi, Jiangsu, People’s 
Republic of China

*These authors have contributed equally to this work 

Correspondence: Lingxiang Guo, Department of Cardiac Intensive Care Unit, Northern Jiangsu People’s Hospital, Yangzhou, Jiangsu Province, 
People’s Republic of China, Tel +86 180 5106 0157, Email cicuglx@126.com; Qingjie Zhu, Department of Intensive Care Unit, Northern Jiangsu 
People’s Hospital, Yangzhou, Jiangsu, People’s Republic of China, Email yzsbzqj@163.com

Purpose: H-type hypertension substantially increases cardiovascular and cerebrovascular risk. In older adults, medication adherence 
is often challenged by cognitive decline, symptom burden, and emotional distress. This study examined the relationship between 
cognitive function and medication adherence in older adults with H-type hypertension and tested whether metamemory and emotional 
states mediate this relationship.
Patients and Methods: This cross-sectional study recruited 380 older adults with H-type hypertension. Cognitive function, 
metamemory, anxiety, depression, and medication adherence were assessed using validated instruments. Pearson correlations and 
a parallel mediation model were performed. Indirect effects were tested using bias-corrected bootstrapping (5,000 resamples), 
reporting standardized coefficients (β) and 95% confidence intervals (CIs).
Results: Cognitive function was positively associated with medication adherence (r = 0.196, p < 0.01). The total indirect effect was 
significant (β = 0.151, 95% CI 0.087–0.227), whereas the direct effect of cognitive function on adherence was not significant after 
including mediators (β = 0.028, p = 0.636). Metamemory showed a significant mediating effect (β = 0.164, 95% CI 0.109–0.225), and 
depressive symptoms demonstrated a smaller but significant mediating role (β = −0.031, 95% CI −0.078 to −0.002); anxiety was not 
a significant mediator. Higher serum homocysteine level and greater daily medication frequency were also associated with poorer 
adherence.
Conclusion: In older adults with H-type hypertension, the link between cognitive function and medication adherence appears to 
operate mainly through modifiable psychological mechanisms, particularly metamemory and depressive symptoms, rather than 
cognitive function alone. Routine chronic care may benefit from brief screening for metamemory difficulties and depressive symptoms, 
followed by patient centered adherence support and appropriate referral for mood management. Prospective studies are needed to 
confirm directionality and inform targeted interventions.
Keywords: H-type hypertension, medication adherence, metamemory, cognitive function, emotional state

Introduction
H-type hypertension refers to hypertension concomitant with elevated plasma homocysteine levels (≥10 µmol/L).1 In 
China, 68.3% to 80% of hypertensive patients are classified as having H-type hypertension.2 Compared to patients with 
uncomplicated hypertension, individuals with H-type hypertension have approximately five times higher risk of cardi
ovascular events, and 25 to 30 times higher than non-hypertensive individuals.3 With the accelerating population aging in 
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China, the number of H-type hypertension cases has been increasing steadily each year, posing a significant public health 
challenge.4 Medication adherence plays a crucial role in achieving effective blood pressure control and minimizing the 
risk of associated complications. Studies have demonstrated that patients with H-type hypertension typically require 
long-term combination therapy involving antihypertensive agents and folic acid; however, adherence to this regimen 
remains suboptimal.5 Improving adherence has therefore emerged as a critical challenge in the management of chronic 
diseases. However, existing research has mainly focused on demographic factors such as age, education level, and 
disease duration,6 with limited attention to the psychological and cognitive mechanisms underlying medication behavior.

In recent years, increasing research has demonstrated that medication behavior among patients with chronic diseases 
is not simply a passive medical to medical instructions. Rather, it is a complex decision-making process involving 
subjective cognition, self-monitoring, and psychological regulation.7,8 Building on this perspective, the present study 
identifies two key psychological mechanisms: metamemory and emotional state. Metamemory refers to an individual’s 
awareness of their memory abilities, use of memory strategies, and confidence in memory performance.9 As part of 
cognitive control, it may be associated with a patient’s ability to manage medication effectively.10 Emotional states, 
commonly observed alongside chronic conditions, may reduce adherence by lowering motivation and increasing 
cognitive burden.

Our previous studies suggests that cognitive decline may be associated with medication adherence through meta
memory and emotional states,11 However, the potential contribution of emotional factors, including anxiety and 
depressive symptoms, has not been examined within the same analytical framework. Current research on medication 
adherence in hypertensive patients largely focuses on external objective factors, such as demographic characteristics (eg, 
age, education level), disease-related variables (eg, disease duration, complications), and treatment burden (eg, daily 
medication frequency, number of medications).12,13 Limited attention has been given to psychological factors such as 
cognitive function, metamemory, and emotional state in explaining medication adherence behaviors.

Although elevated homocysteine (HCY) levels serve as a biological marker of H-type hypertension,14 HCY is also 
closely associated with cerebrovascular dysfunction and cognitive decline.15 However, the potential impact of HCY on 
medication adherence behavior has been largely overlooked in existing research. In other words, HCY has not yet been 
integrated into theoretical models of behavioral decision-making and continues to be regarded primarily as a biological 
marker of stroke risk. Moreover, existing studies often lack an integrated “cognition–emotion–behavior” framework in 
their model construction, thereby overlooking the complex psychological mechanisms underlying adherence behavior. 
Specifically, it remains unclear whether cognitive function influences adherence indirectly through metamemory and 
emotional responses such as anxiety and depression. Therefore, this study proposes two complementary models. Model 
A examines metamemory, anxiety, and depressive symptoms as parallel mediators linking cognitive function and 
medication adherence. Model B, the Extended Control Variable Model, extends the analysis by incorporating 
a multiple linear regression approach to assess the robustness of the psychological pathways. This model simultaneously 
includes cognitive function, metamemory, emotional variables, and key non-psychological factors, the model tested 
whether the effects of the mediators remained stable after accounting for disease burden and treatment-related 
characteristics.

The present analysis is based on an expanded dataset collected within the same research program, with partial 
participant overlap with our earlier report. Importantly, the current study addresses a broader research question by 
incorporating emotional variables, including anxiety and depressive symptoms, and by applying an expanded analytical 
framework. Specifically, we used a parallel mediation model to estimate the unique indirect associations of metamemory 
and emotional states with adherence while accounting for their shared variance, and we further evaluated the robustness 
of these psychological pathways using an extended regression model that included clinical and treatment burden 
indicators (eg, serum HCY level and medication regimen characteristics) This expanded approach allows us to quantify 
the incremental explanatory value of emotional factors beyond metamemory and to situate psychological mechanisms 
within a more comprehensive clinical context. Building on previous findings, the present study aimed to examine the 
mediating roles of metamemory and emotional states in the relationship between cognitive function and medication 
adherence in older adults with H-type hypertension. Guided by Bandura’s Social Cognitive Theory,16 which emphasises 
that health behaviours are shaped by cognitive processes, self-regulation, and affective states, we developed our 
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conceptual model. Because these psychological factors may co-occur and our cross-sectional data cannot establish their 
temporal order, we applied a parallel mediation model. Based on this framework, we selected a parallel mediation 
framework because metamemory, anxiety, and depressive symptoms are distinct psychological factors that may co-occur 
in older adults with chronic conditions. In addition, the cross-sectional design does not allow temporal ordering among 
these mediators. Therefore, we modelled them in parallel to estimate their unique indirect associations with medication 
adherence while accounting for shared variance.

Methods
Study Design and Participants
This study employed a cross-sectional observational design and included a total of 380 valid samples. Participants were 
recruited from the cardiology and neurology departments (both outpatient and inpatient) of a tertiary general hospital in 
Wuxi, China. All patients were clinically diagnosed with H-type hypertension by specialist physicians according to the 
2010 Chinese Guidelines for the Management of Hypertension. Data were collected from December 2022 to 
December 2023.

Participants were eligible if they were aged 60 or older, diagnosed with H-type hypertension (blood pressure≥140/ 
90 mmHg and homocysteine≥10 μmol/L), had been on medication for at least six months, had no severe visual, 
auditory, speech, or psychiatric impairments that would prevent them from completing questionnaires (visual, hearing, 
speech, and relevant psychiatric conditions were screened through review of medical records and a brief face-to-face 
assessment by trained clinicians to confirm the participant’s ability to complete the questionnaires) and had voluntarily 
provided written informed consent. Patients were excluded if they had severe cognitive or psychiatric disorders that 
precluded reliable questionnaire completion, severe hearing or speech disorders, or other serious medical conditions 
that could substantially affect psychological status (including severe heart disease or chronic renal failure requiring 
hemodialysis).

Ethical Considerations
This study was approved by the Ethics Committee of Jiangnan University (approval number: JNU20221201IRB04, 
approved on 8 December 2022) and was registered with the Chinese Clinical Trial Registry (ChiCTR2300068337). All 
procedures were conducted in accordance with the ethical standards of the institutional research committee and the 
Declaration of Helsinki. Written informed consent was obtained from all participants prior to participation. Participants 
were informed of the study purpose, the voluntary nature of participation, and their right to withdraw at any time without 
penalty. Participant confidentiality and data privacy were strictly maintained throughout the study.

Measurement Tools and Variable Definitions
The study variables were categorized into three types: psychological mechanism variables (primary variables in the 
theoretical model); non-psychological control variables (control items in the extended model); demographic variables. 
Total scores were used for each scale according to published scoring guidelines, and continuous variables were 
standardised prior to modelling to facilitate interpretation of effect sizes.

Chinese Mini Mental Status (CMMS)
Cognitive function was assessed using the Chinese Mini Mental Status (CMMS), a Chinese adaptation of the Mini 
Mental State Examination originally developed by Folstein et al, which consists of 30 items evaluating orientation, 
memory, attention and calculation, recall, and language abilities.17 Each correct response scores one point, with a total 
score ranging from 0 to 30; higher scores indicate better cognitive performance. As the study was conducted in China, the 
Chinese version translated by Mingyuan Zhang et al was used.18 This version has demonstrated high reliability 
(Cronbach’s α = 0.91) and good construct validity when compared with other cognitive assessment tools.19 

Educational level influences cutoff scores for cognitive impairment: ≤17 for illiterate individuals, ≤20 for primary 
education, and ≤24 for secondary education or above.
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Multifactorial Memory Questionnaire (MMQ)
Metamemory was assessed using the Multifactorial Memory Questionnaire (MMQ), originally developed by Troyer et al 
in 200220 and later translated into Chinese by Jiang Yunyun et al in 2018 for use in evaluating metamemory 
characteristics.21 The MMQ comprises three dimensions: memory satisfaction, memory ability, and memory strategy. 
It includes 51 items rated on a 5-point Likert scale, with a total possible score of 204; higher scores indicate better 
metamemory performance. The original version demonstrated good internal consistency, with Cronbach’s α coefficients 
ranging from 0.772 to 0.929 across subscales, and a content validity index of 0.90.

8-Item Morisky Medication Adherence Scale (MMAS-8)
Medication adherence was assessed using the 8-item Morisky Medication Adherence Scale (MMAS-8).22 As this study 
was conducted in China, the Chinese version of the MMAS-8, authorized and validated by the original authors, was 
used.23 The scale has demonstrated good reliability and validity, with a Cronbach’s α coefficient of 0.723 and a content 
validity index of 0.89.24 The MMAS-8 yields a maximum score of 8, with higher scores indicating better adherence. 
A score of 8 denotes high adherence, 6–8 indicates moderate adherence, and scores below 6 reflect poor medication- 
taking behaviour. MMAS-8 was used under license from the copyright holder.

Self-Rating Depression Scale (SDS)
The Self-Rating Depression Scale (SDS), developed in 1965 by Dr. William Zung at Duke University Medical Center, is 
used to assess the severity of depressive symptoms and subjective feelings of depression experienced over the past week.25 

Each item is rated on a 4-point scale (1 to 4), and the raw score is obtained by summing all item scores. The standard score is 
calculated by multiplying the raw score by 1.25 and rounding down to the nearest whole number. A standard score below 53 
indicates no depression; scores between 53–62 suggest mild depression; 63–72 indicate moderate depression; and scores 
above 72 reflect severe depression. Higher SDS scores represent more pronounced depressive tendencies. The scale is widely 
used and has demonstrated good psychometric properties, with a Cronbach’s α above 0.75 and a validity index of 0.84.26

Self-Rating Anxiety Scale (SAS)
Anxiety was assessed using the Self-Rating Anxiety Scale (SAS), developed by Zung in 1971.27 This instrument is widely used 
in both clinical and research settings due to its strong practicality and diagnostic accuracy in identifying anxiety symptoms over 
the past week.28 The SAS consists of 20 items, with a Cronbach’s α coefficient of 0.824. Each item is rated on a 4-point Likert 
scale (1 to 4), corresponding to “occasionally or not at all,” “sometimes,” “often,” and “most or all of the time.” Items 5, 9, 13, 
17, and 19 are reverse scored. The raw score is calculated by summing all item responses, and the standard score is obtained by 
multiplying the raw score by 1.25 and rounding down to the nearest integer. A standard score below 50 indicates no anxiety; 
scores between 50–59 indicate mild anxiety; 60–69 indicate moderate anxiety; and scores of 70 or above indicate severe anxiety.

Study Hypotheses

H1: Better cognitive function is associated with higher medication adherence in older adults with H-type hypertension.

H2: Metamemory, anxiety, and depressive symptoms mediate the association between cognitive function and medication 
adherence when modelled in a parallel mediation framework.

H3: Metamemory and emotional factors provide unique and complementary indirect pathways linking cognitive function 
with medication adherence.

H4: The associations between cognitive function, the proposed psychological mediators, and medication adherence 
remain when relevant clinical and behavioural covariates are considered.

Non-Psychological Control Variables (Included in Model B)
a) Disease-related variables: These include homocysteine (HCY) levels (μmol/L), daily medication frequency, 

smoking and drinking status, all measured as continuous variables to reflect disease severity and cumulative 
treatment burden.
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b) Medication burden variables: These consist of daily medication frequency and number of medication types taken 
daily (both categorical variables), which indicate the complexity of daily medication routines, as well as the mode 
of medical expense payment (an ordinal variable) to represent economic burden and level of insurance coverage.

c) Chronic comorbidity variable: These variable captures whether the patient has additional chronic conditions, to 
control for potential effects of comorbidities on adherence.

d) Health behavior variables: Smoking and alcohol consumption are included as binary variables (0 = no, 1 = Yes/ 
Formerly), to account for the influence of lifestyle behaviors on medication adherence.

These control variables are included in the path model as exogenous factors to eliminate potential confounding effects of 
disease burden, medication complexity, and lifestyle differences on the core psychological pathways.

Demographic Variables
Demographic information was collected via questionnaire and included age, gender, educational level and monthly 
household income.

Data Collection and Quality Control
Data were collected through face-to-face interviews and scale administration conducted by physicians and nursing staff 
who received standardized training. All instruments, including the CMMS, SDS, SAS, and MMAS-8, were administered 
in validated Chinese versions with established reliability and validity. Laboratory data (HCY levels) were tested 
uniformly by the hospital’s clinical laboratory. Questionnaire data were entered and verified through double-entry 
procedures to ensure accuracy.

Data Analysis
Model A: Psychological Mechanism Pathway Model (Primary Model)
Model A was designed to examine whether the association between cognitive function and medication adherence is 
mediated by metamemory, anxiety, and depressive symptoms. Mediation analyses were performed using the bias- 
corrected bootstrapping method based on partial regression, implemented with the PROCESS macro (Model 4, version 
3.4.1) in SPSS 26.0. Statistical significance of indirect effects was evaluated using 5000 bootstrap resamples and bias- 
corrected 95% confidence intervals. In this model, drinking status and daily medication frequency were included as 
covariates to control for behavioral and regimen-related influences on adherence. To facilitate comparison of effect sizes 
across variables, all continuous variables were standardized prior to analysis, and standardized regression coefficients (β) 
were reported. A path diagram was generated to illustrate the direct and indirect pathways linking cognitive function, 
metamemory, emotional states, and medication adherence. A parallel mediation framework was selected to estimate the 
unique indirect associations of metamemory, anxiety, and depressive symptoms while accounting for their shared variance. 
Because the design is cross-sectional, alternative pathway structures such as sequential mediation were not tested.

Model B: Extended Control Variable Model (Objective Factor Modeling)
Model B was constructed to evaluate the robustness of the psychological pathways by incorporating additional clinical 
and behavioral variables associated with medication adherence. A multiple linear regression analysis was conducted with 
medication adherence as the dependent variable. Independent variables included cognitive function, metamemory, 
anxiety, and depressive symptoms. Serum homocysteine (HCY), drinking status, and daily medication frequency were 
added as covariates to account for physiological burden and medication regimen complexity. Before modelling, all 
continuous variables were standardized to allow comparison of standardized regression coefficients (β). Categorical 
variables were dummy coded. Model assumptions were checked through residual distribution, multicollinearity indica
tors (variance inflation factors), and Durbin–Watson values. The adjusted R2, F-statistics, and 95% confidence intervals 
were reported to describe overall model fit and estimation precision. This model was used to determine whether 
metamemory and emotional factors remained independent predictors of medication adherence after accounting for non- 
psychological influences, and to assess whether the direct effect of cognitive function persisted under extended 
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adjustment. Covariates were selected based on clinical relevance and prior literature, and the modelling strategy for 
covariates in Model A and Model B is described to improve transparency.

Results
Sample Characteristics
A total of 412 older adults with H-type hypertension were approached, and 380 participants consented and completed all 
questionnaires, yielding a valid response rate of 92.2%. Among the 380 participants, 220 (57.9%) were male and 160 
(42.1%) were female, with a mean age of 72.39 years (SD = 6.95). Most participants had completed junior high school 
education or above (76.8%). The mean duration of hypertension was 12.55 years, and more than half of the participants 
(55.3%) had two or more chronic comorbid conditions. Regarding medication-related characteristics, 85.0% of partici
pants took antihypertensive medications once daily, and 32.1% reported current or former drinking. The daily number of 
medicines taken was median 2 (range 1–4). Detailed sociodemographic and clinical characteristics are presented in 
Table 1.

Table 1 Comparison of Medication Adherence Levels Across Different Sociodemographic 
Characteristics (N = 380)

Variable Group N(%) Adherence 
Mean ± SD

t/F p

Sex Male 220 (57.9) 6.21 ± 1.59 2.215 0.138

Female 160 (42.1) 5.96 ± 1.65
Age 60–69 144 (37.9) 6.05 ± 1.69 0.834 0.435

70–79 167 (43.9) 6.05 ± 1.57

≥80 69 (18.2) 6.33 ± 1.60
Education No formal education 3 (0.8) 5.05 ± 3.85 1.916 0.077

Primary school 85 (22.4) 5.99 ± 1.83

Junior high school 200 (52.6) 6.09 ± 1.56
Technical secondary school 10 (2.6) 6.32 ± 2.08

Senior high school 55 (14.5) 5.91 ± 1.38

Junior college 15 (3.9) 6.71 ± 1.
Bachelor’s degree 12 (3.2) 7.30 ± 0.85

Income(in RMB) 1000–2999 57 (15) 6.12 ± 1.91 0.792 0.454

3000–4999 191 (50.3) 6.01 ± 1.54
5000–9999 131 (34.5) 6.24 ± 1.60

≥10000 1 (0.2) 4.85

Disease duration ≤5 147 (38.7) 6.02 ± 1.66 0.314 0.731
5–15 166 (43.7) 6.14 ± 1.65

≥15 67 (17.6) 6.19 ± 1.45

Daily number of medicines 1 107 (28.2) 5.93 ± 1.75 1.598 0.189
2 101 (26.5) 6.31 ± 1.50

3 93 (24.5) 5.93 ± 1.52

4 79 (20.8) 6.27 ± 1.68
Daily medication frequency 1 323 (85) 6.00 ± 1.64 4.664 0.01

2 45 (11.8) 6.67 ± 1.36

3 12 (3.2) 6.80 ± 1.48
Smoking No 216 (56.8) 6.17 ± 1.59 0.824 0.365

Yes/Formerly 164 (43.2) 6.02 ± 1.65

Drinking No 258 (67.9) 6.32 ± 1.46 14.6 <0.001
Yes/Formerly 122 (32.1) 5.65 ± 1.83

Comorbidity ≤1 170 (44.7) 5.97 ± 1.60 2.059 0.152

≥2 210 (55.3) 6.21 ± 1.63

Notes: Daily number of medicines refers to the number of prescribed medications taken per day and does not include 
vitamins or dietary supplements.
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Correlation Analysis of Variables
We first examined bivariate associations among the study variables (Table 2). Medication adherence showed positive 
correlations with cognitive function (r = 0.196, p < 0.01) and metamemory (MMQ total score, r = 0.235, p < 0.01), and 
negative correlations with anxiety, depression and serum HCY levels (all p < 0.01). Cognitive function and metamemory 
were positively associated with each other (r = 0.402, p < 0.01). Correlations among the three psychological variables 
(metamemory, anxiety and depression) were modest. Overall, correlations with medication adherence were small in 
magnitude (absolute r values below 0.30), indicating statistically significant but weak associations. To determine 
appropriate covariates for the path model, associations between medication adherence and demographic or behavioral 
characteristics in Table 1 were examined. Drinking status and daily medication frequency were significantly related to 
adherence (p < 0.05) and were therefore included as covariates in subsequent analyses.

Mediation Analysis
We then tested the parallel mediation model with drinking status and daily medication frequency as covariates (Table 3 
and Figure 1). Cognitive function was significantly associated with all three mediators. It was positively related to 
metamemory (β = 0.655, p < 0.001) and negatively related to anxiety (β = −0.210, p = 0.015) and depression (β = −0.228, 
p = 0.006). Among the mediators, metamemory showed a significant positive association with medication adherence (β = 
0.251, p < 0.001). Depression showed a significant negative association (β = −0.136, p = 0.004). Anxiety was not 
significant (p = 0.062). Indirect effect analysis showed a significant mediation pathway through metamemory (β = 0.164, 

Table 2 Means, Standard Deviations, and Pearson Correlations Among Key Continuous 
Variables (N = 380)

Variable M ± SD 1 2 3 4 5 6

1. Medication adherence 6.12 ± 1.63 —
2. Cognitive function 23.46 ± 4.81 0.196** —

3. Metamemory 56.32 ± 8.45 0.235** 0.402** —

4. Anxiety 8.74 ± 3.12 −0.218** −0.185* −0.223** —
5. Depression 9.05 ± 3.45 −0.261** −0.198** −0.241** 0.473** —

6. Serum HCY (μmol/L) 18.7 ± 5.1 −0.284** −0.151* −0.167* 0.182* 0.204** —

Notes: * p < 0.05; ** p < 0.01.

Table 3 Parallel Mediation of the Association Between Cognitive Function and 
Medication Adherence via Metamemory, Anxiety, and Depression

Path β SE 95% BCa CI p

Cognition → Metamemory 0.655 0.061 [0.538, 0.770] <0.001
Cognition → Anxiety −0.210 0.086 [−0.379, −0.040] 0.015

Cognition → Depression −0.228 0.082 [−0.389, −0.067] 0.006

Metamemory → Adherence 0.251 0.049 [0.156, 0.348] <0.001
Anxiety → Adherence −0.085 0.044 [−0.172, 0.004] 0.062

Depression → Adherence −0.136 0.047 [−0.230, −0.043] 0.004

Cognition → Metamemory → Adherence 0.164 0.029 [0.109, 0.225] <0.001
Cognition → Anxiety → Adherence 0.018 0.015 [−0.012, 0.050] 0.214

Cognition → Depression → Adherence −0.031 0.019 [−0.078, −0.002] 0.041

Total indirect effect 0.151 0.036 [0.087, 0.227] <0.001
Direct effect (c′): Cognition → Adherence 0.028 0.058 [−0.086, 0.140] 0.636

Total effect (c) 0.179 0.055 [0.074, 0.289] 0.001

Model R2 (base mediation) 0.337
Model R2 (extended with HCY) 0.464

Notes: Standardized effects; 5,000 bootstrap samples; BCa 95% confidence intervals.
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95% CI 0.109 to 0.225). The indirect effect through depression was also significant (β = −0.031, 95% CI −0.078 to 
−0.002). The pathway through anxiety was not significant. The total indirect effect was significant (β = 0.151, 95% CI 
0.087 to 0.227). The direct effect of cognitive function on medication adherence was not significant (β = 0.028, p = 
0.636). The total effect was significant (β = 0.179, p = 0.001). The base mediation model explained 33.7% of the variance 
in adherence (R2 = 0.337). When HCY was included as an additional predictor, the model explained 46.4% of the 
variance (R2 = 0.464).

Extended Regression Analysis
Finally, we evaluated the robustness of the psychological variables in an extended regression model including clinical 
and treatment burden indicators (Table 4). Metamemory was a significant positive predictor of medication adherence (β = 
0.251, p < 0.001). Serum HCY showed a significant negative association (β = −0.346, p < 0.001). Depression was also 
negatively associated with adherence (β = −0.089, p = 0.031). Daily medication frequency (β = −0.131, p = 0.027) and 
drinking status (β = −0.142, p = 0.022) were significant predictors as well. Cognitive function was not a significant 
predictor when all variables were included (β = 0.028, p = 0.636). Anxiety and medical insurance type were not 
significant. Sex showed a trend but was not statistically significant (p = 0.085). Disease duration showed a small but 
significant negative association with adherence (β = −0.097, p = 0.033). The extended model accounted for 46.4% of the 
variance in medication adherence (adjusted R2 = 0.464). All variance inflation factors were below 2.5, indicating no 
multicollinearity.

Figure 1 Parallel mediation model linking cognitive function to medication adherence.

Table 4 Multiple Linear Regression Analysis of Factors Associated with Medication 
Adherence (Extended Model Including HCY)

Predictor β SE t 95% CI p

Cognitive function 0.028 0.058 0.475 [−0.086, 0.140] 0.636

Metamemory 0.251 0.049 5.122 [0.156, 0.348] <0.001

Anxiety −0.054 0.037 −1.462 [−0.128, 0.020] 0.145
Depression −0.089 0.041 −2.171 [−0.170, −0.009] 0.031

Serum HCY (μmol/L) −0.346 0.063 −5.492 [−0.471, −0.215] <0.001

Daily medication frequency −0.131 0.059 −2.220 [−0.247, −0.015] 0.027
Drinking (none/occasional/regular) −0.142 0.061 −2.313 [−0.261, −0.023] 0.022

Sex −0.083 0.048 −1.730 [−0.178, 0.012] 0.085

Medical insurance type 0.057 0.039 1.464 [−0.021, 0.135] 0.144
Disease duration −0.097 0.045 −2.156 [−0.185, −0.009] 0.033

Abbreviations: β, Standardized coefficient; SE, Standard error; 95% CI, 95% confidence interval.
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Discussion
This study investigated the relationships between cognitive function, metamemory, and emotional states in relation to 
medication adherence among older adults with H-type hypertension. Among 380 patients, the mean medication 
adherence score was 6.12 (SD = 1.63). Cognitive function and metamemory were modestly but significantly positively 
correlated with medication adherence (r = 0.196, p < 0.01; r = 0.235, p < 0.01). In the mediation model, the total effect of 
cognitive function on medication adherence was significant (β = 0.179, p = 0.001), but the direct effect became non- 
significant after adding mediators. Metamemory showed the strongest indirect effect (β = 0.164, 95% CI 0.109 to 0.225), 
while depressive symptoms exhibited a smaller but significant indirect pathway, and anxiety did not mediate the 
relationship. Although several associations were statistically significant, effect sizes were generally small, and practical 
implications should be interpreted cautiously. In the extended model including homocysteine level and daily medication 
frequency, metamemory, depressive symptoms and homocysteine remained significant predictors, whereas the direct path 
from cognition to medication adherence remained non-significant. Overall, these findings suggest that medication 
adherence in older adults with H-type hypertension is mainly mediated through metamemory and emotional factors 
and can be further modulated by biochemical and treatment-related burden factors.

In the current study, the majority (62.9%) of older adults with H-type hypertension had a low to moderate level of 
medication adherence, which is similar to the results of surveys conducted in China.29,30 Earlier research has consistently 
shown that older adults often face difficulties in maintaining regular medication-taking.31,32 These difficulties are 
frequently linked to age-related cognitive decline.33 They are also influenced by complex medication regimens and 
long disease duration. Together, these factors create persistent barriers to stable adherence. In our sample, metamemory 
scores were moderately low.34 Compared with community-dwelling older adults, the metamemory scores in our sample 
were noticeably lower.35 This pattern is biologically plausible, as both hypertension and elevated homocysteine levels are 
known to impair cognitive function,36 particularly in domains related to memory processing and executive control. Older 
adults with H-type hypertension may therefore have reduced awareness of their memory performance and lower 
confidence in their ability to manage memory-dependent tasks such as daily medication routines.37 Such characteristics 
may further weaken their ability to manage long-term medication routines. Emotional symptoms were also associated 
with medication adherence. Both depression and anxiety showed negative correlations with medication-taking. This 
result is consistent with previous reports from chronic disease populations.38,39 Prior studies have demonstrated that 
depressive symptoms can weaken motivation and reduce engagement in self-management.40 They can also interfere with 
the execution of health-related behaviours, including medication adherence.41 Within this context, the significant 
mediating role of metamemory in our study becomes meaningful. The smaller, but still significant, indirect effect of 
depressive symptoms further supports the idea that cognitive function and emotional status jointly influence adherence. 
These findings underline that both cognition-related factors and affective factors contribute to medication-taking 
behaviour in older adults with hypertension and comorbid conditions.

In this study, cognitive function showed a clear and consistent association with metamemory. The path coefficient 
from cognition to metamemory was strong, indicating that individuals with better cognitive abilities were more capable 
of monitoring and managing their memory processes. This finding is in line with theoretical assumptions that meta
memory processes depend on basic cognitive resources, particularly attention and executive functioning.42 When these 
abilities are intact, individuals are more likely to notice potential memory failures and to adopt compensatory strategies.43 

Metamemory also showed a robust association with medication adherence. Participants who reported higher awareness of 
their memory processes were more likely to follow their medication plans.44 This pattern supports the idea that 
metamemory acts as a behavioural “bridge” between cognition and daily health behaviours. Older adults who recognise 
their memory limitations may rely on external aids, structured routines or reminders to avoid forgetting medications.45 

This pattern may help interpret why metamemory showed the strongest indirect association in our model among all 
psychological variables, metamemory could also plausibly moderate the association between cognitive function and 
adherence by buffering the impact of lower cognitive function, but moderation was not examined in the present study. 
Depressive symptoms also played a mediating role, although the effect size was smaller. The negative indirect association 
suggests that lower cognitive function was related to higher depressive symptoms, which were in turn related to poorer 
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adherence. Depression has long been associated with low motivation, reduced initiation of health behaviours and 
difficulty sustaining long-term routines.46 These characteristics may explain why depressive symptoms weakened 
adherence in our sample. The effect was modest but statistically meaningful, suggesting that emotional processes should 
not be overlooked when designing adherence interventions. In contrast, anxiety did not significantly mediate the 
association between cognition and adherence. This may be related to the emotional expression style of older adults. 
Anxiety symptoms in the elderly often present as somatic complaints, which overlap with chronic disease 
manifestations.47 Such overlap may reduce the sensitivity of self-report anxiety scales and may contribute to under
estimation of anxiety-related pathways. It is also possible that anxiety influences adherence through routes not captured 
in our model, such as risk perception or worry about treatment side effects.48 These possibilities should be explored in 
future research. Overall, the pattern observed in this study suggests that psychological mechanisms linking cognition and 
medication adherence are multifaceted. Metamemory plays a primary role, while depressive symptoms contribute 
additional explanatory power. Anxiety appears less influential in this context. Together, these findings highlight the 
importance of integrating both cognitive and emotional assessments when evaluating adherence in older adults with H- 
type hypertension.

In the extended model, several non-psychological variables remained significant predictors of medication adherence. 
Serum homocysteine (HCY) demonstrated a strong negative association with adherence. Higher HCY levels often reflect 
poorer vascular health and a greater disease burden, which may impose additional therapeutic requirements or physical 
discomfort. Patients with elevated HCY frequently face more complex treatment plans or more intensive medication 
regimens.49 These conditions increase the behavioural load associated with daily medication management, making it 
more difficult to sustain consistent adherence. The pronounced effect of HCY in our model suggests that physiological 
burden may be associated with weaker links between cognitive or psychological resources and adherence.50 Daily 
medication frequency also emerged as an independent predictor of adherence. Interestingly, higher dosing frequency was 
associated with better adherence, despite previous studies commonly reporting the opposite trend.51 In our sample, 
patients who required multiple daily doses were more often under structured management plans, such as combination 
therapy for H-type hypertension. These patients tended to receive regular follow-up and additional support from 
healthcare providers or family members. For them, higher dosing frequency may indicate more intensive disease 
management rather than greater behavioural burden. This finding illustrates that the behavioural meaning of dosing 
frequency can differ across clinical contexts. Alcohol consumption was another significant predictor. Participants who 
reported current or past drinking showed lower adherence levels, which is consistent with previous hypertension 
research.52 Alcohol use may disrupt daily routines, reduce self-regulatory capacity and weaken medication-taking 
behaviour. Our results support the view that lifestyle-related factors may interact with psychological processes and be 
associated with adherence. Although several demographic and clinical characteristics did not show significant group 
differences in the univariate analysis, they were still included in the extended regression model. Some factors, such as 
disease duration or insurance type, may not show direct associations individually but can act as structural confounders 
that influence the pathways linking cognition, psychological processes and adherence. Including these variables therefore 
helps ensure a more rigorous control of potential confounding and provides a clearer estimation of the psychological 
pathways. Taken together, the extended model demonstrates that cognitive and psychological pathways do not operate in 
isolation. They are shaped by disease burden, treatment complexity and lifestyle patterns. When overall burden is high, 
the direct association between cognition and adherence becomes weaker, and behavioural execution relies more on 
compensatory mechanisms such as metamemory and emotional regulation. These findings highlight the value of tailoring 
adherence interventions to both psychological characteristics and clinical demands. Integrating medical management with 
cognitive–behavioural support may help older adults maintain stable medication-taking routines.

From a practice perspective, these findings support the value of brief screening for metamemory difficulties and 
depressive symptoms when evaluating adherence risk in older adults with H type hypertension. In routine care, this may 
inform more targeted support strategies, such as medication counselling tailored to memory related challenges, use of 
reminder tools and structured routines, and coordination to simplify regimens where feasible. Community pharmacists 
may play an important role by identifying nonadherence risk during dispensing and follow-up, reinforcing medication 
instructions, and collaborating with physicians and nurses to address psychological and treatment burden factors that may 
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hinder adherence. However, external validity should be considered. Because participants were recruited from a single 
tertiary hospital and represented a specific clinical population, the findings may not fully generalise to community 
dwelling older adults or primary care settings, where care pathways and adherence support resources differ. In addition, 
contextual factors not measured in this study, such as caregiver support, family involvement, health literacy, and social 
support, may influence medication adherence and should be incorporated in future research.

This study has several limitations. First, its cross-sectional design prevents causal inference, and all variables were 
assessed using self-report questionnaires, which may introduce recall and reporting bias. Second, the sample was drawn 
from a single tertiary hospital, limiting generalisability to other regions or primary-care populations. Third, although key 
clinical and behavioural covariates were included, other potentially influential factors such as caregiver support and 
treatment complexity were not measured. In addition, because key constructs were assessed using self-report measures at 
a single time point, common method variance may have inflated the observed associations. We attempted to minimise 
this risk through standardized administration by trained staff and by assuring participants of confidentiality, although no 
specific statistical test of common method variance was performed and residual bias cannot be excluded. Future studies 
should adopt multi-centre, longitudinal designs to validate these pathways and strengthen causal interpretation.

Conclusion
This study clarifies the associations between cognitive function and medication adherence in older adults with H-type 
hypertension, and the indirect associations via metamemory and depressive symptoms. The observed correlations were 
small in magnitude, and the models explained a moderate proportion of variance in adherence (R2=0.337 in the base 
mediation model and R2=0.464 after adding serum HCY), suggesting that additional contextual factors are likely to 
contribute. These findings should be interpreted in light of the modest effect sizes and the moderate explained variance. 
Metamemory showed the largest indirect association in the parallel mediation model, suggesting that self-monitoring and 
memory-related confidence may represent important correlates in the association between cognition and adherence. 
Depressive symptoms also played a significant negative mediating role, while anxiety showed no significant effect in this 
sample. The extended model further demonstrated that clinical burden factors, particularly serum HCY levels and daily 
medication frequency, contribute independently to adherence and may weaken the direct influence of cognition. These 
findings highlight the necessity of integrating cognitive support, emotional management and disease-related burden 
reduction into adherence-enhancing strategies for older adults with H-type hypertension.
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