
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Xin et al. BMC Geriatrics          (2024) 24:797 
https://doi.org/10.1186/s12877-024-05383-6

BMC Geriatrics

*Correspondence:
Wenhui Jiang
jiangwenhui@mail.xjtu.edu.cn

Full list of author information is available at the end of the article

Abstract
Background  The high prevalence of sensory impairment and functional limitations in older adults is a significant 
concern, yet there is limited understanding of the relationship between these two conditions. Therefore, the objective 
of this study was to investigate the pathways connecting sensory impairment and functional limitations by examining 
serial multiple mediating effects of social isolation and cognition in older adults.

Methods  Using the China Health and Retirement Longitudinal Study dataset, a sample of 4871 older adults was 
selected. The study variables included sensory impairment, functional limitations, social isolation and cognition, 
and other covariates. A hierarchical multiple linear regression model was used to assess the association between 
sensory impairment and functional limitations. Mediation analysis was conducted to explore the sequential multiple 
mediating effects of social isolation and cognitive function in the relationship between sensory impairment and 
functional limitations.

Results  Our findings revealed a significant and positive association between sensory impairment and functional 
limitations (B = 0.615, 95% CI: 0.397, 0.834). After adjusting for social isolation and cognitive function, the impact of 
sensory impairment on functional limitations accounted for 87.19% of the total effect. Additionally, approximately 
12.81% of the significant relationship between dual sensory impairment and functional limitations was mediated by 
social isolation and cognitive function. A serial multiple mediating pathway (sensory impairment → social isolation → 
cognition → functional limitations) was identified, with a coefficient of 0.013 (95% CI: 0.006, 0.020).

Conclusions  Our study provides evidence for the mediating effects of social isolation and cognition in the 
relationship between sensory impairment and functional limitations. Given the prevalence of functional limitations 
among older adults with sensory impairment, it is crucial to consider social isolation and cognitive function in efforts 
to reduce the burden of disability care. Future validation of these findings through longitudinal studies is necessary.
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Introduction
As the older population grows rapidly, functional limi-
tations are increasingly common in later life and have 
become a major public health concern [1]. It is estimated 
that the population of functionally limited older adults in 
China will increase to 23.9 million by 2060 [2]. Functional 
limitations are severe impairments in an individual’s abil-
ity to perform major daily tasks efficiently and are com-
monly measured using activities of daily living (ADLs) 
and instrumental activities of daily living (IADLs) [3–5]. 
Functional limitations are associated with injuries, hospi-
talization [6], long-term care [7], and increased mortality 
[8], leading to a decreased quality of life for older adults 
and an increased burden on families and the health care 
system. Several studies have identified risk factors for 
functional limitations, including biological, psychologi-
cal, social and health-related behaviour factors such as 
chronic condition, pain, cognitive impairment, demo-
graphical factors, family and social relationships, drink-
ing and smoking [9–11]. Therefore, it is important to 
understand the mechanisms associated with functional 
limitations fully and to explore modifiable risk factors to 
prevent or delay their development.

Sensory impairment is a common chronic condition, 
which includes vision impairment (VI), hearing impair-
ment (HI), and dual sensory impairment (DSI) [12], 
which is highly prevalent in older adults [13]. Many stud-
ies have confirmed that sensory impairment is a risk fac-
tor for the development of functional limitations in older 
adults and can directly affect their ability to perform daily 
activities [12, 14–16]. Approximately 60% of patients 
with sensory impairment need assistance in at least one 
function (e.g., personal care and hygiene, mobility, eat-
ing, shopping, household chores, heavy chores, personal 
finances, and personal care) [16]. However, while most 
previous studies were conducted to explore the impact 
of VI or HI on functional limitations [17–19], in recent 
years, some attention has been given to DSI [15]. Addi-
tionally, despite the interest in the nexus between sen-
sory impairment and functional limitations, there is still 
limited understanding of the underlying mechanisms 
driving this relationship. Current factors underlying the 
possible pathways involved in the association between 
sensory impairment and functional limitations include 
biological and psychological factors such as chronic con-
ditions [14] and depressive symptoms [20]; however, the 
role of underlying social and cognitive mechanisms is still 
unclear and has been underexplored.

The effect of sensory impairment on an individual’s 
social and cognitive health should not be overlooked. 
Many studies have demonstrated that sensory impair-
ment not only affects the functional capacity of older 
adults but also leads to markedly worse psychosocial 
conditions (e.g., social isolation) [21–23] and cognitive 

impairment [24, 25]. Previous studies have shown that 
the social isolation incidence, cognitive impairment inci-
dence, and dementia prevalence are greater among older 
adults with sensory impairment than among those with-
out sensory impairment [22, 25]. Communication diffi-
culties and decreased social participation due to sensory 
impairment may lead to impoverished social relation-
ships—i.e., social isolation [23, 26, 27]. Social isolation 
is defined as an objective deficiency in the quantity of 
relationships and the frequency of interactions with fam-
ily, friends, and the broader community [28]. Moreover, 
sensory impairment may be associated with cognitive 
impairment through age-related neurological changes 
(e.g., neurodegeneration of the central nervous system, 
neuronal atrophy) [29] and vascular changes (e.g., athero-
sclerosis, microvascular changes) [30, 31].

Social isolation is a recognized risk factor for cogni-
tive decline [32–34]. According to the cognitive reserve 
hypothesis, social isolation reduces cognitive stimula-
tion, potentially decreasing lower cognitive reserve and 
increasing the risk of cognitive decline [35]. Neurobio-
logical evidences shows that social isolation is associated 
with smaller hippocampal volumes and reduced corti-
cal thickness, leading to brain shrinkage and cognitive 
decline [36]. However, some studies indicated a bidirec-
tional association between social isolation and cognitive 
function [37, 38]. Additionally, both social isolation and 
cognitive decline are associated with functional limita-
tions among older adults and a greater burden of dis-
ability [32, 39]. Therefore, we hypothesized that social 
isolation and cognition play mediating roles in the rela-
tionship between sensory impairment and functional 
limitations, insights into the complex relationship.

The biopsychosocial model of the disablement process 
describes the process of progressive change in which 
disease and injury lead to limitations (organ function or 
personal function) and ultimately to functional limita-
tions and disability [40–42]. The disablement process 
is characterized by personal and environmental fac-
tors (risk factors, interventions, and aggravating factors) 
that accelerate or mitigate functional limitations. To our 
knowledge, there is a strong correlation between sen-
sory impairment, psychosocial indicators, cognition and 
functional limitations [43]. Recent studies highlight the 
crucial role of the social environment in functional limi-
tations, emphasizing a bio-socio-psycho-physical nature 
model [44, 45]. Considering the above theory and exist-
ing research, social isolation and cognition may consti-
tute serial multiple mediating factors influencing the 
association between sensory impairment and functional 
limitations; however, this hypothesis requires further 
research and validation.

In summary, previous studies have demonstrated an 
association between sensory impairment and functional 
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limitations in older adults to some extent; however, the 
mediating effects of social and cognitive mechanisms 
remain unclear. Consequently, based on the above men-
tioned theoretical and empirical background, this study 
proposes a research hypothesis (Fig. 1) to link these vari-
ables with functional limitations. This study aims to use 
nationally representative data to explore the relationship 
between sensory impairment and functional limitations 
in older adults, examining the serial mediating effects of 
social isolation and cognition. Identifying the pathway is 
essential for interventions and public health policy aimed 
at mitigating functional limitations among older adults.

Method
Participants
The China Health and Retirement Longitudinal Study 
(CHARLS) is a nationally representative study of Chinese 
residents aged 45 years and older. The CHARLS were 
drawn from a sample of 150 counties in 28 provinces in 
China by using multistage stratified probability-propor-
tionate-to-size sampling, through one-on-one interviews 
using a structured questionnaire. The CHARLS began in 
2011 (wave 1) with follow-up every 2 years and included 
information on demographic characteristics, physical 
health status, mental health status, and socioeconomic 
status.

The present study was a cross-sectional analysis utiliz-
ing data from a population of 19,816 respondents from 
2018. This study screened participants and key vari-
ables according to previous researches [7, 46]. First, we 
excluded participants aged 60 years or younger (n = 8912). 
Second, we excluded participants with missing functional 
limitations data (n = 2349). Third, we excluded individu-
als with missing values for the main variables (sensory 

impairment, social isolation, cognitive scores, and covari-
ates) to acquire complete data (n = 3684). All covariates, 
exposures, and outcome data for all participants in the 
final study sample need to be complete without any miss-
ing values. A total of 4871 participants were included in 
this study.

Dependent variables
The ADL and IADL scales were used to assess functional 
limitations in older adults. These evaluation tools have 
widely demonstrated good reliability and validity [4, 5]. 
The ADL scale comprises six items (dressing, eating, 
bathing or showering, getting into and out of bed, toilet-
ing, and controlling urination and defecation) [3], and the 
IADL scale includes five items (doing housework, cook-
ing, shopping for groceries, managing money, and taking 
medication). The four response options were as follows: 
1 = ‘No, I do not have any difficulty’; 2 = ‘I have diffi-
culty but can still manage’; 3 = ‘Yes, I have difficulty and 
need help’; and 4 = ‘I cannot do it’ [47]. The total ADL 
and IADL scale scores range from 11 to 44, with higher 
scores indicating greater functional limitations [48]. For 
example, for an older adult who does not have any dif-
ficulty dressing, eating, bathing or showering, or getting 
into and out of bed (4 points); who has difficulty but can 
still manage toileting and controlling urination and def-
ecation (4 points); who has difficulty and needs help with 
doing household chores and needs help with cooking 
(6 points); and who cannot shop for groceries, manage 
money, or take medication (12 points), the total func-
tional limitations score is 26.

Fig. 1  Model of the serial multiple mediating effects of social isolation and cognition on the association between sensory impairment and functional 
limitations
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Independent variables
Sensory impairment was the independent variable deter-
mined through self-reported assessments of vision and 
hearing function [24]. Similar to the Survey of Health, 
Aging and Retirement in Europe, CHARLS collected self-
reported data on VI included two questions: (1) “How 
good is your eyesight for seeing things at a distance?” 
and (2) “How good is your eyesight for seeing things up 
close?”. Each question was rated on a five-point scale: 
excellent = 1, very good = 2, good = 3, fair = 4, and poor = 5. 
A response of either of the two questions as “fair” or 
“poor” was classified as having VI. HI was evaluated with 
the following question: “Is your hearing very good, good, 
fair, poor, or very poor?”. Respondents reporting “fair” or 
“poor” hearing were categorized as having HI. DSI was 
defined as the co‐occurrence of VI and HI [23]. Accord-
ing to previous literature [24, 49, 50], this study classified 
sensory impairment into four groups: no SI, HI only, VI 
only, and DSI (both HI and VI).

Mediators
The index of social isolation used in the present study 
was consistent with those used in prior research, and the 
included items were marital status (currently unmarried), 
contact with adult children (in person, telephone, or 
email), residence in a rural area, living alone, and engage-
ment in social activities (e.g., interactions with friends, 
involvement in community-related organizations, partic-
ipation in voluntary or charitable work) less than once a 
month [51]. Scores for this index ranged from 0 to 5, with 
higher scores indicating a greater degree of social isola-
tion [52].

The Mini-Mental State Examination (MMSE) is a clas-
sic tool used to assess cognition, screen for cognitive 
impairment and dementia and includes items on orienta-
tion, memory, attention and computation, and language 
[53]. The MMSE has good reliability and validity among 
older Chinese adults [54], and in the CHARLS study, it 
was administered to subjects using their preferred dialect 
[55]. Scores for all items range from 0 to 30, with higher 
scores indicating better cognition [55].

Covariates
Potential confounding variables, including demographic 
and lifestyle characteristics and health-related factors, 
were collected via face-to-face self-reports and used in 
this study [1]. Based on theoretical considerations and 
empirical findings, covariates were selected [12, 15, 16]. 
The demographic characteristics included age (≤ 70, >70), 
sex (male, female), and educational attainment (≤ 6 years, 
6 to < 12 years, ≥ 12 years). Lifestyle factors included 
smoking status (no, yes), alcohol consumption (no, yes), 
sleep duration (≤ 6  h, 6 to < 8  h, ≥ 8  h), and sleep qual-
ity (good, bad). Health factors included self-reported 

chronic conditions (no chronic condition, one chronic 
condition, multimorbidity) diagnosed by a doctor, dis-
ability (no, yes) and pain status (no, yes).

Statistical analysis
All the statistical analyses were performed using SPSS 
25.0(IBM, Chicago, IL, USA) and Stata 17.0 (StataCorp, 
College Station, Texas, USA). First, descriptive analysis 
was used to describe the demographic characteristics of 
the study population. Second, we tested differences in 
demographic characteristics by using one-way ANOVAs, 
χ2 tests, and Student’s t‐tests. Third, we investigated the 
relationship between sensory impairment and functional 
limitations using multivariate linear regression and a 
sequential block entry approach. Fourth, due to the non-
normal distribution of the data, Spearman correlation 
analysis was employed to assess the correlations between 
sensory impairment, functional limitations, social isola-
tion, and cognition. Finally, we used the nonparametric 
bootstrapping method to test for serial multiple mediat-
ing roles of social isolation and cognition between sen-
sory impairment and functional limitations by the SPSS 
macro PROCESS program in SPSS (Hayes) [56]. Both 
the causal step and the Sobel test approach have major 
flaws in testing for mediating effects [57]. Bootstrapping 
has more power than either of these approaches and pro-
vides better control of Type I errors [56]. We conducted 
adjusted regression models, including the mediation 
model, by controlling for age, sex, education, chronic 
condition, sleep duration, sleep quality, disability status, 
and pain status. All indirect effects were analyzed using 
5000 bootstrap samples and 95% confidence intervals 
(CIs), and significance was indicated when zero was not 
included in the interval. Subgroup and sensitivity analy-
sis were performed to confirm the results’ robustness. 
P < 0.05 (two-tailed) was considered to be statistically 
significant.

Results
Characteristics of the samples
Table 1 showed that the mean age of the participants was 
68.36 years (SD = 6.15), and 68.12% of whom were less 
than 70 years. Nearly 50.22% of participants were males, 
and 49.91% had educational attainment (6 to < 12 years). 
Univariate analysis showed that age, sex, educational 
attainment, sleep duration, sleep quality, chronic condi-
tion, disability status, pain status, sensory impairment, 
social isolation, and cognition had a statistically signifi-
cant effect on functional limitations (P < 0.05). Notably, 
the prevalence of VI only, HI only, and DSI was 17.92%, 
4.29%, and 70.01%, respectively. Additionally, the preva-
lence of VI only, HI only, and DSI before addressing miss-
ing data was 21.15%, 4.65%, and 59.34%, respectively.
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Correlations among the main variables
As shown in Table  2, the correlation analysis suggested 
that the main variables were significantly correlated 
(P < 0.001). Sensory impairment was positively associated 
with functional limitations (P < 0.001) and social isola-
tion (P < 0.001) and negatively associated with cognition 

(P < 0.001). Functional limitations were positively associ-
ated with social isolation (P < 0.001) and negatively asso-
ciated with cognition (P < 0.001). Furthermore, there was 
a negative correlation between social isolation and cogni-
tion (P < 0.001).

Table 1  Characteristics of the samples (N = 4871)
Variables Mean (SD), 

or N (%)
Sensory impairment, N (%) P-value Functional 

limitations, 
mean (SD)

P-value
No SI VI only HI only DSI

Sensory impairment < 0.001
No SI 379(7.78) - - - - 11.87(2.84)
VI only 873(17.92) - - - - 12.44(3.38)
HI only 209(4.29) - - - - 11.91(2.40)
DSI 3410(70.01) - - - - 13.24(3.95)
Functional limitations, mean 
(SD)

12.93(3.76) - - - - - -

Age 68.36(6.15)
≤ 70 3318(68.12) 272(8.20) 622(18.75) 137(4.13) 2287(68.93) 12.67(3.45)
>70 1553(31.88) 107(6.89) 251(16.16) 72(4.64) 1123(72.31) 13.49(4.29)
Sex 0.001 0.023
Male 2446(50.22) 199(8.14) 391(15.99) 132(5.40) 1724(70.48) 12.81(3.85)
Female 2425(49.78) 180(7.42) 482(19.88) 77(3.18) 1686(69.53) 13.06(3.65)
Educational attainment < 0.001 < 0.001
≤ 6 years 917(18.83) 71(7.74) 160(17.45) 30(3.27) 656(71.54) 13.43(3.87)
6 to < 12 years 2431(49.91) 160(6.58) 410(16.87) 91(3.74) 1770(72.81) 13.06(3.86)
≥ 12years 1523(31.27) 148(9.72) 303(19.89) 88(5.78) 984(64.61) 12.44(3.45)
Sleep duration 0.001 < 0.001
≤ 6 h 2864(58.80) 190(6.63) 489(17.07) 122(4.26) 2063(72.03) 13.06(3.94)
6 to < 8 h 1586(32.56) 145(9.14) 315(19.86) 72(4.54) 1054(66.46) 12.40(3.12)
≥ 8 h 421(8.64) 44(10.45) 69(16.39) 15(3.56) 293(69.60) 13.40(4.40)
Sleep quality < 0.001 < 0.001
Good 2935(60.25) 276(9.40) 530(18.06) 139(4.74) 1990(67.80) 12.48(3.30)
Bad 1936(39.75) 103(5.32) 343(17.72) 70(3.62) 1420(73.35) 13.61(4.27)
Chronic condition < 0.001 < 0.001
No chronic condition 426(8.75) 44(10.33) 93(21.83) 24(5.63) 265(62.21) 11.69(2.40)
One chronic condition 904(18.56) 93(10.29) 166(18.36) 46(5.09) 599(66.26) 12.05(2.65)
Multimorbidity 3541(72.70) 242(6.83) 614(17.34) 139(3.93) 2546(71.90) 13.31(4.05)
Disability status
No 4119(84.56) 354(8.59) 788(19.13) 170(4.13) 2807(68.15) < 0.001 12.68(3.44) < 0.001
Yes 752(15.44) 25(3.32) 85(11.30) 39(5.19) 603(80.19) 14.35(4.92)
Pain status < 0.001 < 0.001
No 3744(76.86) 333(8.89) 708(18.91) 177(4.73) 2526(67.47) 12.41(3.15)
Yes 1127(23.14) 46(4.08) 165(14.64) 32(2.84) 884(78.44) 14.68(4.90)
Smoking < 0.001 0.450
No 2593(53.23) 197(7.59) 517(19.94) 92(3.55) 1787(68.92) 12.97(3.66)
Yes 2278(46.77) 182(7.99) 356(15.63) 117(5.14) 1623(71.25) 12.89(3.85)
Alcohol drinking < 0.001 0.807
No 2519(51.71) 185(7.34) 488(19.37) 85(3.37) 1761(69.91) 12.95(3.64)
Yes 2352(48.29) 194(8.25) 385(16.37) 124(5.27) 1649(70.11) 12.92(3.88)
Social isolation, mean (SD) 1.67 (1.10) 1.50(1.13) 1.54(1.10) 1.67(1.45) 1.72(1.09) < 0.001 - < 0.001
Cognition, mean (SD) 22.63(4.55) 23.16(4.51) 23.38(4.43) 22.88(4.41) 22.36(4.57) < 0.001 - < 0.001
Note: -, Not available; Bold type denotes statistical significance (P < 0.05)

Abbreviation: N, number; M, mean; SD, standard deviation; SI, sensory impairment; VI only, vision impairment only; HI only, hearing impairment only; DSI, dual 
sensory impairment.
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The association between sensory impairment and 
functional limitations
As shown in Table 3, Model 1 revealed that older adults 
with DSI had a significantly greater functional limita-
tions level than did those without sensory impairment 
(P < 0.001). Model 2 showed the association between the 
DSI and functional limitations when adjusting for con-
founding variables (P < 0.001). The results showed that 
from Model 1 to Model 2, the direction in which the DSI 
correlated with functional limitations did not change and 
was significant, indicating that the DSI was a significant 
factor influencing functional limitations in older Chinese 
adults.

Mediation analysis of sensory impairment and functional 
limitations
Sensory impairment had a significant and positive associ-
ation with functional limitations (B = 0.615, BCa 95% CI: 
0.397, 0.834) (Fig. 2a). The coefficient of sensory impair-
ment and functional limitations decreased when control-
ling for social isolation and cognition (B = 0.537, BCa 95% 
CI: 0.321, 0.752) (Fig. 2b), which accounted for 87.19% of 
the total effect. According to Table 4, when social isola-
tion and cognition were modeled as mediators, the path 
coefficients of sensory impairment on functional limita-
tions showed that social isolation and cognition had a 
significant mediating effect.

In the first indirect pathway (a1×b1), social isola-
tion significantly mediated the effect of sensory impair-
ment on functional limitations, accounting for 2.52% 
of the total effect. The second indirect pathway (a2×b2) 
indicated that the impact of sensory impairment on 
functional limitations was significantly mediated by cog-
nition, with an effect value of 0.051, constituting 8.21% of 
the total effect. In the third indirect pathway (a1×a3×b2), 
the effect of sensory impairment on functional limita-
tions was significantly mediated by social isolation and 
cognition, with an effect value of 0.013. The above results 
indicated that social isolation and cognition play mul-
tiple mediating roles in the association between sensory 
impairment and functional limitations.

Subgroup analysis based on age is presented in 
Table.S1. The serial multiple mediating of social isola-
tion and cognition on sensory impairment and func-
tional limitations still holds in the ≤ 70 years subgroup. 
Furthermore, analysis of the model before handling the 
main missing data also produced comparable results. The 
total indirect effect of DSI on functional limitations was 
0.093 (P < 0.001) or 16.03% of the total effect (Table S2 
and Fig.S1).

Discussion
In this study, we examined the underlying processes that 
influence the relationship between sensory impairment 
and functional limitations in older Chinese adults, and 
we observed that social isolation and cognition medi-
ated this relationship. It’s important to note that media-
tion analysis in cross-sectional studies is exploratory in 
nature, and causality cannot be inferred [58]. Exploring 
the effects of social isolation and cognition on sensory 
impairment and functional limitations can provide valu-
able insights for preventive interventions targeting func-
tional limitations.

This study revealed a significant positive correlation 
between sensory impairment and functional limitations 
among older adults in China, which is consistent with 
the findings of previous studies [14, 59]. After controlling 
for covariates, regression analysis demonstrated that DSI 
had a significant and positive association with functional 
limitations, while VI and HI had no significant asso-
ciation with functional limitations, which was similar to 
results reported in previous studies [15, 60]. The combi-
nation of HI and VI has a more significant positive role in 
functional limitations [61, 62]. For example, a study of the 
Longitudinal Study on Aging (LSOA) demonstrated that 
high levels of DSI were shown to increase the risk of dif-
ficulty in preparing meals, shopping, and using the tele-
phone than single sensory impairment [59]. Therefore, 
outreach should be expanded on the prevention, identi-
fication, and comprehensive health programs for older 
adults with sensory impairment, which will likely con-
tribute to the maintenance of good health in older adults.

We found that social isolation significantly mediated 
the relationship between DSI and functional limitations, 
which was consistent with previous work [14, 15, 21]. 
The disablement process model emphasizes that social 
factors such as social isolation may mediate the pathway 
from disease accumulation to functional limitations [63]. 
These findings support that associating sensory impair-
ment with functional limitations through social isola-
tion is a reasonable pathway, which is consistent with 
previous research [21]. The World Health Organization 
(WHO) designated the period 2020–2030 as the Decade 
of Healthy Aging, stating that the ability to maintain opti-
mal activities of daily living and environments conducive 

Table 2  Correlations among sensory impairment, functional 
limitations, social isolation, and cognition (N = 4871)
Variables Sensory 

impairment
Functional 
limitations

Social 
isolation

Cog-
nition

Sensory 
impairment

1.000

Functional 
limitations

0.121*** 1.000

Social 
isolation

0.077*** 0.116*** 1.000

Cognition -0.086*** -0.221*** -0.294*** 1.000
Note: *P < 0.05 (two-tailed); **P < 0.01(two-tailed); ***P < 0.001(two-tailed)
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to better social connectedness are both important com-
ponents of healthy aging [64]. Therefore, older adults 
with sensory impairment could be encouraged to pro-
mote social integration through greater social networks 
and social participation and improve their functional 
abilities. Additionally, recent attention has focused on 
left-behind older adults, who are at higher risk of physi-
cal, psychological, and social function limitations [65, 
66]. As urbanization accelerates, addressing social isola-
tion and the left-behind phenomenon is crucial to reduc-
ing functional limitations among older adults.

We also found that cognition mediates the relationship 
between DSI and functional limitations. The present find-
ings concur with previous studies demonstrating asso-
ciations between DSI and cognition [61] and between 
cognition and functional limitations [67]; however, these 
studies have not taken into account the mediating role 
of cognition. Thus, this finding added new knowledge 
to the existing literature that DSI indirectly affects func-
tional limitations through cognition in older adults. A 
possible explanation is that sensory impairment could 
be associated with a higher risk of functional limitations 
through mechanistic pathways involving their effects on 
cognitive load [68]. The sensory impairment may cause 
an increase in the cognitive resources required for pro-
cessing the degraded auditory signals, which may lead to 
a higher burden on cognition [69]. Moreover, if an older 
adult is unable to bathe independently (ADL), it might 
be because of a cognitive deficit that limits their ability 
to perform this task in a sequential manner [67]. Thus, 
these findings provided new insights into the moderation 
of cognition on sensory impairment and functional limi-
tations; namely, promoting early cognitive health mainte-
nance in older adults with sensory impairment may help 
prevent the onset of functional limitations.

This study revealed serial multiple mediating effects 
of social isolation and cognition in the pathway between 
DSI and functional limitations, either alone or in com-
bination. Studies have suggested that the relationship 
between social isolation and cognitive function is com-
plex and bidirectional [37, 70]. Social isolation can lead 
to reduced cognitive reserve and brain function atrophy 
[71, 72], while cognitive impairment can cause social 
withdrawal and barriers to interaction, resulting in social 
isolation [73]. Given these overlaps, it is plausible that 
social isolation and cognition might mediate the relation-
ship between sensory impairment and functional limita-
tions among older adults. Specifically, patients with DSI 
perceived higher levels of social isolation, followed by 
lower levels of cognition and, as a result, higher levels 
of functional limitations.According to the sensory loss 
consequence theory [74], sensory impairment reduces 
the ability to engage in activities, which may reduce 
brain stimulation and neural reorganization, increase 
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Table 4  Hypothesized serial mediation model of social isolation and cognition between sensory impairment and functional 
limitations
Pathway Effect SE BootLLCI BootULCI p-value Proportion of effect (%)
Total effect (c) 0.615*** 0.112 0.397 0.834 < 0.001 100.00%
Direct effect (c’) 0.537*** 0.110 0.321 0.752 < 0.001 87.19%
a1 0.122*** 0.031 0.062 0.183 < 0.001 -
a2 -0.326** 0.122 -0.565 -0.088 0.007 -
a3 -0.676*** 0.057 -0.788 -0.565 < 0.001 -
b1 0.127* 0.052 0.025 0.229 0.015 -
b2 -0.155*** 0.013 -0.180 -0.129 < 0.001 -
Total indirect effects 0.079 0.022 0.039 0.124 - 12.81%
Indirect 1 (a1×b1) 0.016 0.007 0.004 0.032 - 2.52%
Indirect 2(a2×b2) 0.051 0.019 0.014 0.089 - 8.21%
Indirect 3 (a1×a3×b2) 0.013 0.004 0.006 0.020 - 2.08%
Note: Model control for age, education, chronic condition, sleep duration, sleep quality, disability and pain status

Abbreviation: SE, standard error; Effect, standardized regression coefficient; BootLLCI, bootstrapping lowerlimitconfidence interval; BootULCI, bootstrapping 
upperlimitconfidence interval. *P < 0.05 (two-tailed); **P < 0.01 (two-tailed); ***P < 0.001 (two-tailed)

Fig. 2  Serial mediation models for sensory impairment, functional limitations, social isolation, and cognition. Note: Path coefficients were expressed as 
the standardized regression coefficient. *P < 0.05 (two-tailed); **P < 0.01 (two-tailed); ***P < 0.001 (two-tailed)
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perceived social isolation, and subsequently be associated 
with cognitive decline, finally affecting functional limita-
tions [26, 75]. The present study demonstrated that the 
disablement process as a framework theory for exploring 
sensory impairment affecting functional limitations in 
older adults is reasonable, with social isolation and cog-
nition as key links in this relationship [76]. Recent studies 
have integrated social environmental factors into dis-
ability model, exploring associations between individual, 
social interactions, cognitive function, and socio-cultural 
and socio-structural environments [44, 77]. For older 
adults with sensory impairment, physical and social bar-
riers such as lack of assistive products and rehabilitation 
services must be considered [44, 45]. Multimodal inter-
ventions addressing biological, psychological, social, and 
physical environments are recommended to mitigate the 
effects of sensory impairment on functional limitations.

The findings of this study have important implications 
for public health. First, although sensory impairment 
is common in older adults, encouraging older adults to 
prevent, reduce, and correct sensory impairment by aux-
iliary equipment (eyeglasses, hearing aids) and changes 
in home and social environments to enhance their social 
relationships and cognitive abilities, ultimately reducing 
functional limitations. Second, older adults are encour-
aged to maintain contact with family members and 
friends to prevent social isolation and cognitive decline, 
which can delay or prevent functional limitations and 
improve their quality of life. Finally, health promotion 
activities should be developed to increase awareness 
among older adults regarding functional limitations and 
promote healthy aging.

This study has several limitations. Firstly, the use of 
cross-sectional data restricts the ability to establish cau-
sality during the mediation analysis, and the conclusion 
may only be explained by statistics [78]. The cross-sec-
tional nature of this study also limits the ability to iden-
tify the causality or directionality of the relationships 
mentioned above despite the theoretical grounding of 
the mediated pathways. Therefore, further exploration of 
the temporal mechanism and causal relationships under-
lying sensory impairment and functional limitations is 
necessary through longitudinal or experimental studies 
in the future. Secondly, although some research supports 
the reliability of self-reported sensory impairment [21, 
22], there are differences in assessments between self-
reported and clinical data. Hence, in future research, it 
is advisable for investigators to consider using objective 
measurement methods, which could provide a valuable 
area for further investigation. Fourthly, this study lacks 
data on physical and social environmental correlates, 
limiting our exploration of their relationship with func-
tional limitations. Future research should include cor-
relates such as public health policies, infrastructure, and 

healthcare models. Fifthly, MMSE scores may not distin-
guish whether task failure is due to sensory impairment 
or cognitive impairment, potentially misestimating cog-
nitive function. In clinical practice, using cognitive test 
tools suitable for patients with sensory impairment can 
provide a more accurate assessment. Sixthly, the exclu-
sion of participants lacking data on the main variables 
may have introduced selection bias. Therefore, additional 
studies with better data are needed to test the scientific 
validity of the results obtained in this study. Lastly, it is 
important to note that this study was limited to the older 
Chinese population, and the generalizability of the find-
ings needs to be verified in other ethnic populations in 
the future.

Conclusion
This study explored the mechanism of the effects of sen-
sory impairment, social isolation, and cognition on func-
tional limitations in older adults. Social isolation and 
cognition partially mediated the association between 
sensory impairment and functional limitations. Future 
intervention programs should focus on mitigating social 
isolation and maintaining cognitive health to prevent 
functional limitations among older adults with sen-
sory impairment. Additionally, longitudinal research is 
needed to assess the impact of such integrated interven-
tions on the prevention of functional limitations.
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