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Objectives: To investigate the relationship between multimorbidity and health-related quality of life (HRQoL), and explore the effects of functional status and cognitive function on Chinses elderly behind this relationship.

Methods: The Multivariate logistic regression and Tobit regression models were used to determine the influence of multimorbidity on HRQoL. Bootstrap analysis was used to probe the mediating effects of functional status and the moderating role of cognition on multimorbidity and HRQoL.

Results: Results of the 2,887 participants age  ≥ 60  years included in the analysis, 51.69% had chronic diseases. Stroke (β = −0.190; 95% confidence interval [CI], −0.232, −0.149; p < 0.001) and the combination of hypertension and stroke (β = −0.210; 95% CI, −0.259, −0.160; p < 0.001) had the greatest influence on HRQoL. Functional status partially mediated the relationship between the number of non-communicable diseases (No. of NCDs) and HRQoL, while cognitive function had a moderating effect not only in the A-path (No. of NCDs to functional status, β = 0.143; t = 7.18; p < 0.001) and but also in the C-path (No. of NCDs to HRQoL, β = 0.007; t = 6.08; p < 0.001).

Conclusion: Functional status partially mediated the relationship between multimorbidity and HRQoL in older adults. And cognitive function, if declined, may strengthen this relationship. These findings suggested that improving cognitive function and functional status in those who developed multimorbidity could be a viable prevention or treatment strategy to improve HRQoL in elderly patients.
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Introduction

Multimorbidity is when multiple chronic diseases occur in the same person. Most studies define it as the presence of two or more chronic conditions (Salisbury et al., 2018). The aging population has increased prevalence of multimorbidity, and a study of US Medicare enrollees estimated that 62% of the population aged 65–74 years developed multimorbidity, and this is expected to increase with age (Lozano-Hernández et al., 2020). A growing number of the studies have reported that elderly people with multimorbidity tend show poor health-related quality of life (HRQoL) and high healthcare costs, although various definition of multimorbidity in different researches (Marengoni et al., 2011; Makovski et al., 2019). Moreover, the effects specific combinations of diseases have on HRQoL and mortality are not always consistent (She et al., 2019). Some combinations are associated with a higher risk of poorer HRQoL and higher mortality because of the mutually affecting coexisting disease progression, such as cardiovascular diseases (She et al., 2019). However, there is still a lack of consensus on the potential mechanisms behind the relationship between multimorbidity and poorer HRQoL and the degree to which this occurs. It is critical to understand the determinants that influence its occurrence to develop better prevention strategies.

At present, patients and health care providers are faced with management of long-term sequelae including cognitive and functional impairment (Rengel et al., 2019). In the disability process model, functional impairment was defined as difficulty performing activities in any domain of life, including activities of daily living (ADL) and instrumental activities of daily living (IADL; Nikolova et al., 2011). Approximately 30–60% of older patients with multimorbidity developed new ADL dependence (Hu et al., 2020). Similarly, patients with multimorbidity are also more likely to show poorer cognitive performance (Kingston et al., 2018). It estimated that the proportion of persons with 4 and over diseases was expected to 67.8% of UK population over 65 years old by 2035, from which two-thirds of those will have cognition impairment and poor quality of life (QoL) (Kingston et al., 2018). A review reported that multimorbidity may interact and then result in functional decline (Calderón-Larrañaga et al., 2019). HRQoL consists of a multidimensional assessment that includes physical, social, and psychological functioning (Jiao et al., 2021). Functional impairment negatively impacts mobility and social participation, and consequently decline HRQoL (Kim et al., 2021). Therefore, functional status may partly mediate the relationship between multimorbidity and HRQoL (She et al., 2019). Notably, compared with older adults keeping normal cognitive function, those who had mild cognitive impairment have decreased physical performance, limited living space activities, and a higher risk of ADL and IADL disability (Dodge et al., 2005). A prospective cohort study found that the combination of somatic multimorbidity and cognitive impairment was 1.34 times (95% confidence interval [CI]: 1.09, 1.64) more associated with ADL/IADL disability than with somatic multimorbidity alone in older adults (Quiñones et al., 2018). In addition, Xiong et al. found that the interaction between multimorbidity and cognitive impairment caused a greater loss of quality-adjusted life expectancy (QALE) than individuals with multimorbidity alone in middle-aged and elderly Chinese population (Xiong et al., 2021). HRQoL utility scores were a necessary index to calculate QALE (Franklin et al., 2022). Taken together, it is plausible that multimorbidity may interact with cognitive impairment to cause functional dependence that consequently contributes to poor HRQoL and may also directly influence HRQoL (Dodge et al., 2005; Marengoni et al., 2011; Kingston et al., 2018; Kim et al., 2021; Xiong et al., 2021; Franklin et al., 2022).

Thus, developing more insight into the underlying mechanisms of how multimorbidity cause poor HRQoL will provide new insights into improving public health guidance for patients with multimorbidity. Our study examined the interrelationships between multimorbidity, functional status, cognitive function, and HRQoL. Based on previous research, the following hypotheses were formulated. Hypothesis 1: Functional status mediates the relationship between multimorbidity and HRQoL. Hypothesis 2: Lower cognitive function is likely to elicit functional decline or poorer HRQoL in patients with multimorbidity. Therefore, it is anticipated that multimorbidity is more strongly associated with functional decline and HRQoL when cognitive function is low. The conceptual frame of the moderated mediation model is manifested in Supplementary Figure 1.



Sample and methods


Study design and sample

The data of our study was derived from The Liyang Study (Zhou et al., 2022). In this community-based cohort study, we randomly selected participants from 17 townships in Liyang, Jiangsu, using multi-stage stratified cluster random sampling to select 10,200 residents over 18 years old from March 2019 to June 2020. Firstly, health centers of all towns or streets in Liyang city was selected as the survey sites. Secondly, two communities or villages was randomly selected in each survey site. Thirdly, 300 participants randomly selected in each community or village. Finally, 10,056 participants completed the baseline survey. Our research consisted of 2,887 participants, aged 60 or older after excluding missing of research variables and covariates. All participants provided written informed consent at the recruitment stage in the study. And sampling process and specific inclusion and exclusion criteria was illustrated in Supplementary Figure 2. The more details about study design, research instruments, ethics and data collection were illustrated in our previous article (Zhou et al., 2022). The Life Sciences Ethics Committee of Soochow University approved the protocol for this study (SUDA20211025H02).



Research instruments


HRQoL

The EQ-5D-5L is a universal HRQoL measure from the EuroQoL group which evaluates the current health state of participants. The EQ-5D-5L includes a descriptive system and the EQ visual analog scale (EQ-VAS). The descriptive system consists of five dimensions: mobility (MO), self-care (SC), usual activities (UA), pain/discomfort (PD), and anxiety/depression (AD). Each dimension is described at five levels, corresponding roughly to no, slight, moderate, severe, and extreme problems (Luo et al., 2017). The combination of the various levels of the five dimensions represents different health states. We can estimate the preference-based valuation (EQ-5D index) using the EQ-5D-5L value set for China (Szentes et al., 2020). A higher EQ-5D index indicates better HRQoL (Cronbach’s α = 0.809, Kaiser-Meyer-Olkin value (KMO) = 0.791, Bartlett p < 0.001).



Functional status

Functional status was assessed using the Lawton IADL and the Katz ADL scales. The Lawton IADL scale is composed of six items: housekeeping, cooking food, shopping, telephone use, taking medications, and handling finances (Cronbach’s α = 0.915, KMO = 0.874, Bartlett p < 0.001; Chen et al., 2015). The Katz ADL scale comprises six basic self-care activities: bathing, dressing, toileting, transferring, continence, and feeding (Cronbach’s α = 0.934, KMO = 0.908, Bartlett p < 0.001; Connolly et al., 2017). They can all be described at five levels: corresponding roughly to no, mild, moderate, severe, and extreme dependence. Responses to each of the six items in the scale were coded as 1 (from mild to extreme dependence) or 0 (corresponding roughly to no dependence). A higher score indicated more sever functional impairment.



Cognitive function

The Abbreviated Mental Test Scores (AMTs) were used to assess cognitive impairment in the elderly. The AMTs is a 10-item screening questionnaire, including age, time of day, year, place, recognition of people, date of birth, national day, president, counting backwards from 20 to 1, and the recall of an address. Each scale was scored with a maximum score of 10. A score between 0 and 3, 4 and 7, and 8 and above suggests severely impaired function, moderately impaired function, and normal cognitive function, respectively (Cronbach’s α = 0.854, KMO = 0.856, Bartlett p < 0.001; Piotrowicz et al., 2019).



Covariates

Participants’ information was gathered including age, gender, educational attainment, marital status, smoking and drinking status. Educational attainment was divided into four categories: illiterate, primary school, middle school, high school or above. Marital status was classified into married or others (widowed, divorced and never married). Smoking status was dichotomized as never smoked (non-smokers), stopped smoking currently (ex-smokers) and currently smoking (current-smokers). Drinking status was classified into currently drinking and no drinking. The number of chronic diseases was the sum of these diseases: hypertension, chronic obstructive pulmonary disease (COPD), stroke, coronary heart disease (CHD), dyslipidemia, asthma, obesity, diabetes, and cancer. And it was grouped into three categories (0, 1, and 2 or above).




Data analysis

We used mean ± standard deviation (SD), frequency (percentage), cross-tabulations, and graphical displays for descriptive analysis. Statistical analysis of continuous variables was, respectively, performed using the t-test or one-way analysis of variance (ANOVA), and analysis of categorical variables was performed using the chi-square test. We calculated the prevalence of 36 chronic disease pairs using a random pairwise combination of nine diseases. We then selected the top 10 most prevalent chronic disease pairs to explore their effect on HRQoL. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using multivariate logistic regression and Tobit regression models, respectively. Spearman correlation coefficients were used to analyze the correlations among the main variables. The Harman single factor test was used to conduct a common method bias test. The PROCESS macro for SPSS was used to perform the mediation and moderated mediation hypotheses (Hayes, 2017). Our study used Model 4 to test the mediated effect, and Model 8 for the moderated mediation analysis. The Bootstrap CIs for the indirect effect were estimated based on 5,000 bootstrap samples and bias-corrected results. Simple slope analysis was used to analyze the moderating effect of cognitive function on the relationship between multimorbidity and HRQoL, as well as functional status. The standardized effects of moderated mediation are presented by the mean center of all continuous variables (Francoeur, 2015). Statistical analyses were performed using SAS version 9.4 software (SAS Institute Inc., Cary, NC, USA), STATA version 16.0 (Stata Corporation, Texas, USA), and SPSS (SPSS Inc., Armonk, NY, USA). The significance level was set at 0.05 (two-sided).




Results


Characteristics of the study participants

2,887 participants aged ≥60 years who completed the entire survey. The characteristics of the study participants are shown in Table 1. The mean (SD) age of the 2,887 participants was 71.3 (7.7) years, and 53.0% were female. A total of 51.69% of the participants had chronic diseases, and 17.80% of the study population developed multimorbidity. A limitation in at least one ADL or IADL item was reported in 4.64% and 9.48% of participants, respectively. Cognitive impairment was found in 6.41% of the patients. The mean EQ-5D index score was 0.958 ± 0.104. The most frequently reported problems in the EQ-5D dimension were pain/discomfort (26.29%), followed by anxiety/depression (7.72%), mobility (6.51%), usual activities (6.34%), and self-care (3.64%).



TABLE 1 Baseline characteristics of participants in The Liyang Study.
[image: Table1]

Of the chronic diseases in our study, dyslipidemia (57.80%) had the highest prevalence, followed by stroke (54.70%), CHD (48.80%), hypertension (40.42%), and COPD (30.80%; Supplementary Figure 3). Supplementary Table 1 displays the prevalence of 36 chronic disease pairs through a random pairwise combination of nine diseases. The most common multimorbidity combination was diabetes with hypertension (6.51%).



Multimorbidity and HRQoL

Table 2 illustrates the results of the Tobit regression model of a single chronic disease (Model 1) as well as the top 10 most prevalent multimorbidity combinations (Model 2) on HRQoL. Stroke (β = −0.190; 95% confidence interval [CI], −0.232, −0.149; p < 0.001; Model 1) was the chronic disease that was found to have the greatest impact on HRQoL. Similarly, stroke with hypertension (β = −0.210; 95% CI, −0.259, −0.160; p < 0.001; Model 2) was the multimorbidity combination that had the greatest influence on HRQoL.



TABLE 2 Tobit regression results of the effects of single chronic diseases and multimorbidity combinations on EQ-5D index.
[image: Table2]

Compared with fewer chronic diseases and IADL independence, those who developed more chronic diseases and IADL limitations were more likely to experience problems in each EQ-5D dimension and had a lower HRQoL score (Table 3). More disabled ADL items were associated with a lower HRQoL score and increased odds of having problems in some EQ-5D dimensions, such as MO, SC, and UA. Cognitive impairment also had an impact on specific dimensions such as MO, SC, UA, and AD.



TABLE 3 The association of health-related quality of life (HRQoL) and its subdimensions with multimorbidity, functional status, and cognition.
[image: Table3]

Correlation analysis showed that the number of chronic diseases was negatively and significantly associated with both functional status (r = −0.179, p < 0.01) and HRQoL (r = −0.013, p < 0.01). HRQoL was positively and significantly correlated with both functional status (r = 0.034, p < 0.01) and cognitive function (r = 0.005, p < 0.01; Supplementary Table 2). We used the Harman single factor test to conduct a common method bias test. The results suggested six factors had eigenvalues greater than one, and the variance explained by the first factor was 36.70%, which was less than 40% of the critical standard, indicating that there were no serious common method biases in this study.



Mediation analysis

Findings based on the 5,000 bootstrapped samples indicated that when controlling for cognitive condition and other covariates, the number of chronic diseases had a significant negative predictive effect on HRQoL (βtotal = −0.018, SE = 0.002, p < 0.001) and that the direct predictive effect of the number of chronic diseases on HRQoL was still significant when the mediating variable functional status was added (βdirect = −0.013, SE = 0.002, p < 0.001; Figure 1). The upper and lower limits of the bootstrap 95% CI for the direct effect of the number of chronic diseases and HRQoL did not include 0, indicating that functional status partially mediated the association between the number of chronic diseases and HRQoL, accounting for 27.78% of the total effect (Table 4).

[image: Figure 1]

FIGURE 1
 Regression coefficient was derived from a mediation model that was adjusted for age, gender, education, marital status, smoking, and drinking status (n = 2,887).




TABLE 4 Bootstrapped effects of the number of chronic diseases on health-related quality of life (HRQoL) via functional status at specific values of cognitive function.
[image: Table4]



Moderated mediation analysis

The results of cognitive function at specific values suggested that the effect of cognitive function was lower, while the direct effect, indirect effect, total effect, and mediating rate all increased (Table 4). The moderating effect of cognitive function was seen in the A-path (the number of chronic diseases to functional status) and the C-path (the number of chronic diseases to HRQoL) as shown in Figure 2. The interaction term between the number of chronic diseases and cognitive function was found to significantly predict functional status (β = 0.143, t = 7.18, p < 0.001) and HRQoL (β = 0.007, t = 6.08, p < 0.001), indicating that the effect that the number of chronic diseases had on functional status and HRQoL was dependent on the level of cognitive function. Figure 3 illustrates this effect. HRQoL and functional status were consistently low in patients with lower cognitive function, regardless of the number of chronic diseases they exhibited. The more chronic diseases the patients developed, the worse the HRQoL experienced by the patients. In addition, according to the magnitude of the slope, the predictive effect of the number of chronic diseases on functional status (Figure 3A) and HRQoL (Figure 3B) was stronger if cognitive function declined.

[image: Figure 2]

FIGURE 2
 Regression coefficient was derived from a moderated mediation model that was adjusted for age, gender, education, marital status, smoking and drinking status (n = 2,887).


[image: Figure 3]

FIGURE 3
 (A) Cognitive function moderated the relationship between multimorbidity and functional status. (B) Cognitive function moderated the relationship between multimorbidity and HRQoL. No. of NCDs, number of non-communicable diseases; HRQoL, health-related quality of life.





Discussion

This current study introduces new insights into the body of research that explores the role of chronic disease pairs on HRQoL and the role of multimorbidity, functional status, and cognitive function in HRQoL. Specifically, hypertension with stroke was found to have the greatest negative impact on HRQoL. We confirmed our expectation that functional status partially mediated the association between the number of chronic diseases and HRQoL. In addition, our results supported the assumption that lower cognitive function may strengthen these associations. These findings help increase our outstanding of the potential mechanism behind worse HRQoL in older adults with multimorbidity and help highlight the interventions targeting these risk factors.


Multimorbidity and HRQoL

We assessed the relationship between common chronic diseases pairs and HRQoL and found that stroke with hypertension had the strongest association with poor HRQoL. In 2016, the global burden disease for risk profiles in the Middle East and North Africa highlight that hypertension was ranked at the first in risk factors for stroke (Jamee Shahwan et al., 2019). The incidence of hypertension was high in our study population, which increased the risk of developing stroke. Stroke is one of the top three global causes of death and long-term disability (Kang et al., 2019). Poststroke disability or low functional status leaves most survivors unable to work, which can lead to serious financial problems and poorer HRQoL (Hsieh and Chiou, 2014). Cumming et al. (2014) showed that cognitive impairment at 3 months post-stroke, and particularly poorer visuospatial ability and attention, were related to poor HRQoL 12 months post-stroke. Therefore, functional impairment and cognitive decline were important risk factors of HRQoL for patients suffering from stroke. However, these evidence in multimorbidity remains sparse with most researches focusing on single diseases. Our research contributed to identifying high risk chronic diseases pairs of poorer HRQoL.



Mediation effect of functional status

Our results suggested that the effects of multimorbidity on HRQoL were through functional status, which verified our hypothesis 1. The mediation role of functional status in relation to distal variables and in the relationship between multimorbidity and HRQoL is congruent with recent research (Wang et al., 2017; Klompstra et al., 2019; She et al., 2019). A prospective cohort study of community-dwelling older adults (aged 65 years or older) in the United States reported that multimorbidity was linked to functional disability, and lower functional status was found to be a factor related to a lower HRQoL in older people with multimorbidity (Quiñones et al., 2016; Klompstra et al., 2019). Some disease (i.e., stroke and arthritis) are considered as critical factors for functional impairment that is more likely to cause long-term deterioration in self-care ability and physical inactivity (Maresova et al., 2019). With normal physical activities and physiological function restricted and social interaction reduced, lack of mobility assisting technology, increasing number of visits a general practitioner and high healthcare costs of the patient with multimorbidity were easy to reduce their HRQoL (Andersson et al., 2014; Jiao et al., 2021). In addition, it was reported that colorectal cancer or stroke with functional disorders were associated with the lower self-esteem, lower life satisfaction, negative feeling, anxiety and depression, which is expected to decrease the HRQoL (de Tejada et al., 2017; Medhi et al., 2019; Lin et al., 2020). Thus, maintaining functional independence is essential for improving HRQoL in multimorbidity patients.



Moderation effect of cognition

Our study found that cognitive function played a moderating role in the direct path of the relationship between multimorbidity and HRQoL, which verified our hypothesis 2. There are some potential mechanisms to explain it. On the one hand, Koyanagi et al. reported that patients with multimorbidity generally had a high risk of mild cognitive impairment (Koyanagi et al., 2018). For example, a longitudinal study reported learning (immediate recall) depended on the frontal lobe processes like attention, working memory and executive functioning, which may be more susceptible to cardiovascular diseases (Wei et al., 2020). A literature reported that multimorbidity could synergistically promote cognitive decline such as cardiovascular diseases and arthritis (Vassilaki et al., 2015). On the other hand, cognitive decline could influence the severity and burden of multimorbidity, contributing to the establishment of a vicious circle, which reduced QoL and survial (Calderón-Larrañaga et al., 2019). The decline of cognitive function, and the fear of further deterioration, also directly influences ability of multimorbidity to live independently and take own decisions, consequently declines HRQoL (Hussenoeder et al., 2020).

It is worth noting that our study further found that cognitive function moderated the first half of the mediating model of functional status, which confirmed our hypothesis 2. Namely, multimorbidity in conjunction with lower cognitive function causes functional decline, which consequently contributes to poor HRQoL in older adults. Some literatures may support the potential path mechanisms. Cognitive impairment, was a strong predictor of functional status, and independently mediated functional status difference in traumatic brain injury patients (Dodge et al., 2005; Venkatesan et al., 2021). Loomer et al. (2019) reported that cognitive impairment is related to poorer self-care and mobility function among skilled nursing facilities residents, which in turn increased the risk of functional dependence (Dodge et al., 2005). Functional dependence and cognitive decline occurred simultaneously would accelerate the progression of multimorbidity, which would increase the risk of hospital admission, extended hospital stays, and polypharmacy (Seliger et al., 2015). This would further aggravate the patient’s declining ability to cope with treatment and healthcare burden, which additionally decline HRQoL and increase the risk of premature mortality (Wei et al., 2020). All in all, cognition decline further aggravated the adverse effect of multimorbidity on functional status, consequently strengthened the mediation effect of functional status between multimorbidity and HRQoL in older adults. Our research contributes to elucidating these complicated relationships. Further interventional or experimental studies are need to explore if improving functional status and cognitive function could work as protective factors against multimorbidity. Recently, interventions such as aerobic exercise training combined with cognitive training have been suggested to be effective preventive measures and have the potential to bring significant quality of life benefits for individuals as well as cost savings for healthcare systems (Yeh et al., 2017).



Strengths and limitations

Our study is the first to use a moderated mediation analysis to simultaneously probe the effects of cognition and functional status on the relationship between multimorbidity and HRQoL. Previous studies only focused on the effect that multimorbidity had on HRQoL, and few have explored the hazard of common pairs of chronic disease to HRQoL in older adults (She et al., 2019). Understanding the common combinations of multimorbidity could help clinicians, researchers, and policymakers to pay attention to more common and severe illnesses. Finally, our research contributes to elucidating the underlying mechanisms between multimorbidity and HRQoL and provide new insights into effective interventions targeted at older patients with multimorbidity.

A potential limitation is that this cross-sectional study could not deduce the causal relationship between multimorbidity and functional status, cognitive function, and HRQoL. We will further explore interventions or experimental studies to substantiate these results. Another limitation is that the diagnosis of all NCDs depended on the self-reporting. However, a study indicated that patient-administered questionnaires might be a reliable source of information for epidemiological purposes in a well-defined chronic disease (Midthjell et al., 1992).




Conclusion

Our study offers new insights into the relationship between multimorbidity and HRQoL in older adults. Exploring the association between multimorbidity, functional status, cognitive function and HRQoL has shown that functional status partially mediated the relationship between multimorbidity and HRQoL. And cognitive function, if declined, may strengthen this relationship in older adults. These findings suggest that improving cognitive function and functional status in those who developed multimorbidity could be a viable prevention or treatment strategy to improve HRQoL.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by The Life Sciences Ethics Committee of Soochow University (SUDA20211025H02). The patients/participants provided their written informed consent to participate in this study.



Author contributions

WH, LZ, LP, LC, and YS designed the study and wrote the protocol. ZF, QH, JC, XC, SL, QH, and NS managed data collection and TL undertook the statistical analysis and wrote the first draft of manuscript. YS and WH gave many valuable comments on the draft and also polished it. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (project number 81973143) and the Priority Academic Program Development of Jiangsu Higher Education Institutions.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.978488/full#supplementary-material



References

 Andersson, L. B., Marcusson, J., and Wressle, E. (2014). Health-related quality of life and activities of daily living in 85-year-olds in Sweden. Health Soc. Care Community 22, 368–374. doi: 10.1111/Hsc.12088 

 Calderón-Larrañaga, A., Vetrano, D. L., Ferrucci, L., Mercer, S. W., Marengoni, A., Onder, G., et al. (2019). Multimorbidity and functional impairment-bidirectional interplay, synergistic effects and common pathways. J. Intern. Med. 285, 255–271. doi: 10.1111/Joim.12843 

 Chen, H. M., Yeh, Y. C., Su, W. L., Huang, M. F., Chang, C. W., and Chen, C. S. (2015). Development and validation of a new performance-based measurement of instrumental activities of daily living in Taiwan. Psychogeriatrics 15, 227–234. doi: 10.1111/Psyg.12096 

 Connolly, D., Garvey, J., and Mckee, G. (2017). Factors associated with Adl/Iadl disability in community dwelling older adults in the Irish longitudinal study on ageing (Tilda). Disabil. Rehabil. 39, 809–816. doi: 10.3109/09638288.2016.1161848 

 Cumming, T. B., Brodtmann, A., Darby, D., and Bernhardt, J. (2014). The importance of cognition to quality of life after stroke. J. Psychosom. Res. 77, 374–379. doi: 10.1016/J.Jpsychores.2014.08.009 

 De Tejada, M. G. Z., Bilbao, A., Bare, M., Briones, E., Sarasqueta, C., Quintana, J. M., et al. (2017). Association between social support, functional status, and change in health-related quality of life and changes in anxiety and depression in colorectal cancer patients. Psycho-Oncology 26, 1263–1269. doi: 10.1002/Pon.4303 

 Dodge, H. H., Kadowaki, T., Hayakawa, T., Yamakawa, M., Sekikawa, A., and Ueshima, H. (2005). Cognitive impairment as a strong predictor of incident disability in specific Adl-Iadl tasks among community-dwelling elders: the Azuchi study. The Gerontologist 45, 222–230. doi: 10.1093/geront/45.2.222 

 Francoeur, R. B. (2015). Could sequential residual centering resolve low sensitivity in moderated regression? Simulations and cancer symptom clusters. Open J. Stat. 3, 24–44. doi: 10.4236/ojs.2013.36A004

 Franklin, M., Hunter, R. M., Enrique, A., Palacios, J., and Richards, D. (2022). Estimating cost-effectiveness using alternative preference-based scores and within-trial methods: exploring the dynamics of the quality-adjusted life-year using the Eq-5d 5-level version and recovering quality of life utility index. Value Health 25, 1018–1029. doi: 10.1016/J.Jval.2021.11.1358 

 Hayes, A. F. (2017). Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regressionbased Approach. Guilford publications.

 Hsieh, F.-I., and Chiou, H.-Y. (2014). Stroke: morbidity, risk factors, and care in Taiwan. J. Stroke 16, 59–64. doi: 10.5853/Jos.2014.16.2.59 

 Hu, F. W., Huang, Y. T., Lin, H. S., Chen, C. H., Chen, M. J., and Chang, C. M. (2020). Effectiveness of a simplified Reablement program to minimize functional decline in hospitalized older patients. Geriatr Gerontol Int 20, 436–442. doi: 10.1111/Ggi.13891 

 Hussenoeder, F. S., Conrad, I., Roehr, S., Fuchs, A., Pentzek, M., Bickel, H., et al. (2020). Mild cognitive impairment and quality of life in the oldest old: a closer look. Qual. Life Res. Int. J. Qual. Life Asp. Treat. Care Rehab. 29, 1675–1683. doi: 10.1007/S11136-020-02425-5 

 Jamee Shahwan, A., Abed, Y., Desormais, I., Magne, J., Preux, P. M., Aboyans, V., et al. (2019). Epidemiology of coronary artery disease and stroke and associated risk factors in Gaza community-Palestine. PLoS One 14:E0211131. doi: 10.1371/Journal.Pone.0211131 

 Jiao, D., Watanabe, K., Sawada, Y., Tanaka, E., Watanabe, T., Tomisaki, E., et al. (2021). Multimorbidity and functional limitation: the role of social relationships. Arch. Gerontol. Geriatr. 92:104249. doi: 10.1016/J.Archger.2020.104249 

 Kang, Y. N., Shen, H. N., Lin, C. Y., Elwyn, G., Huang, S. C., Wu, T. F., et al. (2019). Does a Mobile app improve Patients’ knowledge of stroke risk factors and health-related quality of life in patients with stroke? A randomized controlled trial. BMC Med. Inform. Decis. Mak. 19:282. doi: 10.1186/S12911-019-1000-Z 

 Kim, M., Kim, Y., Ryu, G. W., and Choi, M. (2021). Functional status and health-related quality of life in patients with peripheral artery disease: a cross-sectional study. Int. J. Environ. Res. Public Health 18:10941. doi: 10.3390/Ijerph182010941

 Kingston, A., Robinson, L., Booth, H., Knapp, M., and Jagger, C. (2018). Projections of multi-morbidity in the older population in England to 2035: estimates from the population ageing and care simulation (Pacsim) model. Age Ageing 47, 374–380. doi: 10.1093/Ageing/Afx201 

 Klompstra, L., Ekdahl, A. W., Krevers, B., Milberg, A., and Eckerblad, J. (2019). Factors related to health-related quality of life in older people with multimorbidity and high health care consumption over a two-year period. BMC Geriatr. 19:187. doi: 10.1186/S12877-019-1194-Z 

 Koyanagi, A., Lara, E., Stubbs, B., Carvalho, A. F., Oh, H., Stickley, A., et al. (2018). Chronic physical conditions, multimorbidity, and mild cognitive impairment in low-and middle-income countries. J. Am. Geriatr. Soc. 66, 721–727. doi: 10.1111/Jgs.15288 

 Lin, R.-C., Chiang, S.-L., Heitkemper, M. M., Weng, S.-M., Lin, C.-F., Yang, F.-C., et al. (2020). Effectiveness of early rehabilitation combined with virtual reality training on muscle strength, mood state, and functional status in patients with acute stroke: a randomized controlled trial. Worldviews Evid.-Based Nurs. 17, 158–167. doi: 10.1111/Wvn.12429 

 Loomer, L., Downer, B., and Thomas, K. S. (2019). Relationship between functional improvement and cognition in short-stay nursing home residents. J. Am. Geriatr. Soc. 67, 553–557. doi: 10.1111/Jgs.15708 

 Lozano-Hernández, C. M., López-Rodríguez, J. A., Leiva-Fernández, F., Calderón-Larrañaga, A., Barrio-Cortes, J., Gimeno-Feliu, L. A., et al. (2020). Social support, social context and nonadherence to treatment in young senior patients with multimorbidity and Polypharmacy followed-up in primary care. MULTIPAP study. PLoS One 15:E0235148. doi: 10.1371/Journal.Pone.0235148 

 Luo, N., Liu, G., Li, M., Guan, H., Jin, X., and Rand-Hendriksen, K. (2017). Estimating an Eq-5d-5l value set for China. Value Health 20, 662–669. doi: 10.1016/J.Jval.2016.11.016 

 Makovski, T. T., Schmitz, S., Zeegers, M. P., Stranges, S., and Van Den Akker, M. (2019). Multimorbidity and quality of life: systematic literature review and meta-analysis. Ageing Res. Rev. 53:100903. doi: 10.1016/J.Arr.2019.04.005 

 Marengoni, A., Angleman, S., Melis, R., Mangialasche, F., Karp, A., Garmen, A., et al. (2011). Aging with multimorbidity: a systematic review of the literature. Ageing Res. Rev. 10, 430–439. doi: 10.1016/J.Arr.2011.03.003

 Maresova, P., Javanmardi, E., Barakovic, S., Barakovic Husic, J., Tomsone, S., Krejcar, O., et al. (2019). Consequences of chronic diseases and other limitations associated with old age - a scoping review. BMC Public Health 19:1431. doi: 10.1186/S12889-019-7762-5 

 Medhi, G. K., Sarma, J., Pala, S., Bhattacharya, H., Bora, P. J., and Visi, V. (2019). Association between health related quality of life (Hrqol) and activity of daily living (Adl) among elderly in an urban setting of Assam, India. J. Fam. Med. Primary Care 8, 1760–1764. doi: 10.4103/Jfmpc.Jfmpc_270_19 

 Midthjell, K., Holmen, J., Bjørndal, A., and Lund-Larsen, G. (1992). Is questionnaire information valid in the study of a chronic disease such as diabetes? The Nord-Trøndelag diabetes study. J. Epidemiol. Community Health 46, 537–542. doi: 10.1136/Jech.46.5.537 

 Nikolova, R., Demers, L., Béland, F., and Giroux, F. (2011). Transitions in the functional status of disabled community-living older adults over a 3-year follow-up period. Arch. Gerontol. Geriatr. 52, 12–17. doi: 10.1016/J.Archger.2009.11.003 

 Piotrowicz, K., Romanik, W., Skalska, A., Gryglewska, B., Szczerbińska, K., Derejczyk, J., et al. (2019). The comparison of the 1972 Hodkinson's abbreviated mental test score (Amts) and its variants in screening for cognitive impairment. Aging Clin. Exp. Res. 31, 561–566. doi: 10.1007/S40520-018-1009-7 

 Quiñones, A. R., Markwardt, S., and Botoseneanu, A. (2016). Multimorbidity combinations and disability in older adults. J. Gerontol. A Biol. Sci. Med. Sci. 71, 823–830. doi: 10.1093/Gerona/Glw035 

 Quiñones, A. R., Markwardt, S., Thielke, S., Rostant, O., Vásquez, E., and Botoseneanu, A. (2018). Prospective disability in different combinations of somatic and mental multimorbidity. J. Gerontol. A Biol. Sci. Med. Sci. 73, 204–210. doi: 10.1093/Gerona/Glx100 

 Rengel, K. F., Hayhurst, C. J., Pandharipande, P. P., and Hughes, C. G. (2019). Long-term cognitive and functional impairments after critical illness. Anesth. Analg. 128, 772–780. doi: 10.1213/Ane.0000000000004066 

 Salisbury, C., Man, M. S., Bower, P., Guthrie, B., Chaplin, K., Gaunt, D. M., et al. (2018). Management of multimorbidity using a patient-centred care model: a pragmatic cluster-randomised trial of the 3d approach. Lancet 392, 41–50. doi: 10.1016/S0140-6736(18)31308-4 

 Seliger, S. L., Wendell, C. R., Waldstein, S. R., Ferrucci, L., and Zonderman, A. B. (2015). Renal function and long-term decline in cognitive function: the Baltimore longitudinal study of aging. Am. J. Nephrol. 41, 305–312. doi: 10.1159/000430922 

 She, R., Yan, Z., Jiang, H., Vetrano, D. L., Lau, J. T. F., and Qiu, C. (2019). Multimorbidity and health-related quality of life in old age: role of functional dependence and depressive symptoms. J. Am. Med. Dir. Assoc. 20, 1143–1149. doi: 10.1016/J.Jamda.2019.02.024 

 Szentes, B. L., Schultz, K., Nowak, D., Schuler, M., and Schwarzkopf, L. (2020). How does the Eq-5d-5l perform in asthma patients compared with an asthma-specific quality of life questionnaire? BMC Pulm. Med. 20:168. doi: 10.1186/S12890-020-01205-8 

 Vassilaki, M., Aakre, J. A., Cha, R. H., Kremers, W. K., St Sauver, J. L., Mielke, M. M., et al. (2015). Multimorbidity and risk of mild cognitive impairment. J. Am. Geriatr. Soc. 63, 1783–1790. doi: 10.1111/Jgs.13612 

 Venkatesan, U. M., Lancaster, K., Lengenfelder, J., and Genova, H. M. (2021). Independent contributions of social cognition and depression to functional status after moderate or severe traumatic brain injury. Neuropsychol. Rehabil. 31, 954–970. doi: 10.1080/09602011.2020.1749675

 Wang, X. X., Lin, W. Q., Chen, X. J., Lin, Y. Y., Huang, L. L., Zhang, S. C., et al. (2017). Multimorbidity associated with functional Independence among community-dwelling older people: a cross-sectional study in southern China. Health Qual. Life Outcomes 15:73. doi: 10.1186/S12955-017-0635-7 

 Wei, M. Y., Levine, D. A., Zahodne, L. B., Kabeto, M. U., and Langa, K. M. (2020). Multimorbidity and cognitive decline over 14 years in older Americans. J. Gerontol. A Biol. Sci. Med. Sci. 75, 1206–1213. doi: 10.1093/Gerona/Glz147 

 Xiong, S., Liu, S., Qiao, Y., He, D., Ke, C., and Shen, Y. (2021). Estimation of losses of quality-adjusted life expectancy attributed to the combination of cognitive impairment and multimorbidity among Chinese adults aged 45 years and older. BMC Public Health 21:24. doi: 10.1186/S12889-020-10069-W 

 Yeh, T. T., Wu, C. Y., Hsieh, Y. W., Chang, K. C., Lee, L. C., Hung, J. W., et al. (2017). Synergistic effects of aerobic exercise and cognitive training on cognition, physiological markers, daily function, and quality of life in stroke survivors with cognitive decline: study protocol for a randomized controlled trial. Trials 18:405. doi: 10.1186/S13063-017-2153-7 

 Zhou, L., Hu, W., Liu, S., Qiao, Y., He, D., Xiong, S., et al. (2022). Cohort profile: the Liyang cohort study on chronic diseases and risk factors monitoring in China (Liyang study). BMJ Open 12:E060978. doi: 10.1136/Bmjopen-2022-060978 



OPS/images/fpsyg-13-978488-t002.jpg
Type of disease /] SE P 95% CI

Model 1a Dyslipidemia ~0.068 0.022 0.002 ~0.054,-0.014
Stk ~0.190 0.021 <0.001 ~0.232,-0.149
CHD ~0.083 0.023 0.001 ~0.128,-0.038
Hypertension -0022 0011 0053 ~0.045,0.000
CopD ~0.067 0.030 0.024 ~0.125,-0.009
Cancer -0022 0034 0526 ~0089,0.046
Asthma ~0.136 0.035 <0.001 ~0.204,-0.067
Obesity 0,000 0017 0980 ~0.034,0035
Diabetes ~0020 0017 0243 ~0.054,0014

Model 2a DB+HT ~0020 0024 0419 ~0.067, 0,028
OB+HT ~0011 0025 0657 ~0.060, 0,037
OB+ CHD ~0003 0072 0961 ~0.146,0.138
ST+HT ~0210 0.025 <0.001 ~0.259,-0.160
HT+DL ~0040 0035 0216 ~0.109,0.028
CHD+HT ~0.086 0.032 0.007 ~0.149,0.024
HT+COPD ~0037 0040 0351 ~0.115,0041
DB+ DL ~0050 0050 0322 ~0.147,0048
DB+OB ~0032 0050 0511 ~0.131,0,065
DL+OB ~0074 0053 0.160 ~0.178,0029

“Tobit regression Model 1 (in single chronic diseases) and Model 2 (of multimorbidity combinations) were established and adjusted for age, gender, education, marital status, smoking,
and drinking status. HT, Hypertension; DL, dyslipidemia; COPD, chronic abstructive pulmonary disease; ST, stroke; CHD, coronary heart disease; AS, asthma; OB, obesity: DB, diabetes.
The p value of all groups applied bold formating were below 0.05.





OPS/images/fpsyg-13-978488-t003.jpg
Chronic health
conditions

MO (n=188)
No. chronic diseases 149 (1.27,1.74)**
No. disabled ADL items  2.02 (1.62,2.53)**
No. disabled IADL items 1.20 (1.02,1.41)*
Cognitive function
Normal 1.00 (Reference)
Abnormal 213 (1.26,3.60)*

Problems

h subdimensions of EQ-5D, OR (95% CI)
SC (n=105) UA (n=183) PD (n=759) AD (n=223)

1.59 (1.26,2.01)%* 1.49 (1.27,1.75)** 1.31 (121,1.43)%% 1.36 (1.19,1.54)%*
233 (1822997 168(1352.09%* 108 (0.89,1.31) 0.99 (082,1.19)
133 (LIOL60)™ 149 (L28,L74)% 163 (14L188)" 144 (1.24,1.67)**

100 (Reference) 100 (Reference) 100 (Reference) 1.00 (Reference)
4.09(210,7.99)%F 244 (146,4.07)** 101 (0.70,1.46) 238 (1.53,3.72)%*

EQ-5D index
(95% CI)
(n=2,887)
—0.04 (~0.05,-0.03)**
—0.05 (~0.07,-0.03)**
=0.05 (~0.07,-0.04)"*

0.0 (Reference)
0.02(0.00,007)

Each dimension of EQ-5D of the multivariate logisic regression model and EQ-5D index of the Tobit regression model were established and adjusted for age, gender, education, marital
status, smoking, and drinking status. *p<0.05, **p<0.01. MO, mobility; SC, self-care; UA, usual actvitis; PD, pain/discomfort; AD, ansiety/depression; CI, confidence interval. The p
value of all groups applied bold formating were below 0.05.





OPS/images/fpsyg-13-978488-g003.jpg
Funcionstaus

16 B oo
14 CS— o
S— i
w2 = £ os
w ae
Tew,
us ™
e oe

lowNo. of NCDs high No. of NCDs lowNo. of NCDs high No. of NCDs





OPS/images/fpsyg-13-978488-t001.jpg
Characteristics  Total Male Female  p

(1=2,887) (n=1,357) (n=1,530)
Sociodemographic characteristics
Age mean (SD) 713(7.7) 712(7.7) 714(78) 160
Education, N (%)
Uliterate 1028(35.61)  297(2889)  731(7L11) <0001
Primary school 1034(3582)  529(5116) 505 (48.84)
Middle school 650(2251)  416(64.00) 234 (36.00)
High school orabove  175(6.06) 115 (65.71) 60(34.29)
Marital status, N (%) <0.001
Married 2411(8351)  1.220(50.60) 1191 (49.40)

Widowed/divorced/  476(1649)  137(2878)  339(71.22)

never married

Smoking, N (%) <0001
Current 720 (29.94) 703 (97.63) 17 (2.37)

Former 182 (6.30) 176 (96.70) 6(3.30)

Never 1,985 (68.76) 478 (24.08) 1,507 (75.92)
Drinking, N (%) <0001
Yes 12 (25.70) 675 (90.97) 67 (9.03)

No 2,145(74.30) 682 (31.79) 1,463 (68.21)

Number of chronic discases, N (%) 0017
0 1,390 (48.31) 662 (47.62) 728 (52.38)

1 975 (33.89) 480 (49.23) 495 (50.77)

22 512(17.80) 213 (41.60) 299 (58.40)

ADL, N (%) 0.720
Disabled 134460 61552 73 (5448)

Normal 2,753 (95.6) 1,296 (47.07) 1457 (52.93)

[ADL, N (%) <0.001
Disabled 281(948)  94(3310)  190(66.90)

Normal 2,603 (90.16) 1,263 (48.52) 1,340 (51.48)
Cognitive function, N (%) <0001
Normal 2702(9359)  1301(48.15) 1401 (5185)
Moderately impaired 153(5.3) 45(29.41) 108 (70.59)

Severely impaired 32(111) 11(34.38) 21(65.63)

EQ-5D score mean 0958 (0.104)  0.964(0.099) 0953 (0.108) 0.002
(SD)
EQ-5D problems, N

(%)

Mobility 188(651)  81(43.09)  107(5691) 0265
Self-care 105(364) 47 (44.76) 58(5534)  0.639
Usual activities 183(634)  72(3934)  111(6066) 0032
Pain/discomfort 759(2629)  314(10.88)  445(5863) <0.001
Anxiety/depression 23(772)  90(4036) 133 (59.64) 0.040

ADL, actviies of daiy lving; IADL, instrumental actviies of daily living SD, standard
deviation,





OPS/images/fpsyg-13-978488-t004.jpg
Cognitive
function
Direct -1SD
effect o
18D

Indirect —1SD
effect 0

Effect

—0.022
—0.013
~0.010
—0012
~0.005
~0.003

SE

0.002
0.002
0.002
0.003
0.001
0.001

Boot
LLCI
~0.026
~0.016
0,013
—0.017
—0.008
—0.006

Boot
ULCI
—0.018
~0.010
~0.007
~0.006
—0.003
—0.001

35.29%
27.78%
23.07%

Standardized effects are presented as mean center of all continuous variables and
adjusted for age, gender, education, marital status, smoking and drinking, SE,
standardized effect; LLCI, lower limitation confidence intervals ULCI, upper limitation
confidence interval. *Cognitive function have been centered around the mean.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Moderated-mediation analysis of multimorbidity and health-related quality of life among the Chinese elderly: The role of functional status and cognitive function



		Introduction



		Sample and methods



		Study design and sample



		Research instruments



		HRQoL



		Functional status



		Cognitive function



		Covariates









		Data analysis









		Results



		Characteristics of the study participants



		Multimorbidity and HRQoL



		Mediation analysis



		Moderated mediation analysis









		Discussion



		Multimorbidity and HRQoL



		Mediation effect of functional status



		Moderation effect of cognition



		Strengths and limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpsyg-13-978488-g001.jpg
Function Status

a=-0.176, P <0.00 b =0.035, P<0.001

Number of Chronic Cairect= -0-013, SE =0.002, P <0.001 >

Diseases C 0.018, SE = 0.002, P < 0.001

HRQoL

total






OPS/images/fpsyg-13-978488-g002.jpg
A-path

Number of Chronic
Diseases

Function Status

B=0.143,t=7.18, 7 < 0.001

C-path

>

B=0.007, t=6.08, p<0.001

Cognitive Function

HRQolL.






OPS/images/cover.jpg
’ frontiers | Frontiers in Psychology

Moderated-mediation analysis of
multimorbidity and
health-related quality of life
among the Chinese elderly: The
role of functional status and
cognitive function









OPS/images/crossmark.jpg
(®) Check for updates






OPS/images/logo.jpg
' frontiers Frontiers in Psychology





