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Abstract 

Background Sensory impairments (SI), including vision (VI), hearing (HI), and dual sensory impairments (DSI), are 
prevalent with aging, but their impact on disease risk remains unclear. This study investigates the epidemiological 
and genetic associations between SIs and 10 chronic disease categories and multimorbidity.

Methods Using the CHARLS study, participants were classified by their self-reported VI/HI/DSI status in 2011 
and 2013 into groups: “new onset, remission, persistent, and no SI.” Their chronic disease incidence was tracked 
until 2018 in sub-cohorts respectively. Mendelian randomization (MR) analyses used genetic instruments from UK 
Biobank GWAS data on 88,250/504,307 individuals for vision/hearing loss, with outcome datasets from consor-
tia including FinnGen, DIAMANTE, CKDGen, PGC, GWAS Catalog, and International Parkinson’s Disease Genomics 
Consortium.

Results The cohort study revealed that persistent HI significantly increased the risk of heart disease (P < 0.001, HR 
1.63, 95% CI 1.31–2.03), stroke (P 0.004, HR 1.59, 95% CI 1.16–2.18), chronic lung disease (P 0.002, HR 1.53, 95% CI 
1.17–1.99), and emotional, nervous, or psychiatric problems (P 0.016, HR 2.03, 95% CI 1.14–3.60). Persistent VI was sig-
nificantly associated with diabetes or high blood sugar (DM/Hglu) (P 0.012, HR 1.63, 95% CI 1.11–2.38) and chronic 
lung disease (P 0.042, HR 1.53, 95% CI 1.02–2.31). MR confirmed these strong or suggestive associations, indicat-
ing that HI significantly increased the risk of cardiovascular and cerebrovascular events by 61–170%, bronchitis 
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by 160%, and schizophrenia by 36%. In addition, VI significantly raised the risk of hyperglycemia or diabetes by 2–4% 
and the risk of lung function decline.

Additionally, cohort studies confirmed that early DSI significantly raised the risk of multiple diseases, while MR identi-
fied genetic links between VI and hepatic failure, Parkinson’s, and Alzheimer’s disease, and between HI and hyperten-
sion, chronic kidney disease, and renal failure.

Conclusions This study provides evidence from epidemiological or genetic perspectives demonstrates that early 
exposure to HI/VI/DSI increases the risk of developing chronic diseases. These findings underscore the need for con-
tinuous monitoring and timely intervention for SI to manage chronic disease risks in aging populations.

Keywords Vision impairment (VI), Hearing impairment (HI), Dual sensory impairment (DSI), Chronic diseases, 
Multimorbidity, Cohort study (CS), Mendelian randomization analyses (MR)

Background
Vision and hearing are essential for individuals to per-
ceive their environment, communicate effectively, and 
engage in social activities, which are crucial for daily life 
and independence. According to the World Report on 
Vision/Hearing, in 2019, at least 2.2 billion people glob-
ally were affected by vision impairments (VI) and 1.5 
billion by hearing impairments (HI) [1], with these pop-
ulations rapidly expanding [2, 3]. Beyond being major 
causes of disability, VI&HI significantly impact quality 
of life and psychological well-being [4]. Recent epide-
miological studies have highlighted their intersection 
with chronic diseases [5–9]. However, these studies often 
focus on the co-occurrence of conditions or view sensory 
impairments as outcomes of chronic diseases [6], rather 
than investigating their prospective impact on disease 
development. This approach neglects the potential of 
sensory impairments as early indicators or independent 
risk factors that could predict and exacerbate chronic dis-
ease progression.

VI and HI range from mild losses to complete blindness 
and deafness. Self-reported changes in sensory status 
may more comprehensively reflect biological associations 
with disease risk than single-time reports. Early identifi-
cation and intervention of sensory impairments through 
vision and hearing care services can potentially halt or 
reverse the progression of sensory loss. Assessing early 
changes in vision and hearing provides critical evidence 
for proactive monitoring and intervention in managing 
chronic diseases and multimorbidity in middle-aged and 
older adults.

This study uses a prospective design to evaluate how 
early sensory impairments affect the risk of chronic dis-
eases. By repeatedly measuring changes in VI, HI, and 
dual sensory impairment (DSI) over time, the study 
assesses specific risk effects on diseases. Genome-wide 
association studies (GWAS) have identified genetic vari-
ants associated with VI and HI [10, 11], enabling the use 
of Mendelian randomization (MR) to clarify the causal 

relationships between sensory loss and chronic diseases. 
Specific genetic markers associated with HI and VI serve 
as instrumental variables to estimate causal effects on a 
range of chronic disease outcomes (Fig. 1A).

Methods
Prospective cohort study (CS) design
Population
The study population was derived from the China Health 
and Retirement Longitudinal Study (CHARLS). CHARLS 
is a nationwide survey conducted in four stages (county, 
village, household, individual) and collects comprehen-
sive data on health, psychological and cognitive status, 
lifestyle, etc. Beginning in 2011, CHARLS tracks and fol-
lows up with the population every 2 years.

To clarify the effects of early VI&HI&DSI and their 
dynamic changes on the risk of chronic diseases and mul-
timorbidity in populations, we established 11 sub-cohorts 
for 10 chronic diseases and multimorbidity (excluding 
individuals with a history of the specific disease at base-
line in 2013) and followed them up until 2018.

The inclusion criteria for the cohort population in this 
study are as follows:

a) Participants who reported health status (n = 18,455) 
and provided biomarker data (n = 13,169) in 2013.

b) Participants who were followed up in 2015 
(n = 20,967) and 2018 (n = 19,752) with health status 
questionnaires.

Furthermore, participants were excluded based on the 
following criteria:

a) Missing data on age (n = 195), household registration 
status (n = 3), or height and weight (n = 88).

b) Age below 45 years (n = 103).
c) No valid reports of both hearing and vision levels for 

2011 and 2013 (n = 2301).
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d) For each specific disease sub-cohort, participants 
reporting a history of the disease at baseline (2013).

The occurrence and specific timing of target outcomes 
for every individual in each cohort were recorded. The 
study design and the population selection flowchart are 
shown in Fig. 1B.

Exposure: evaluation of HI, VI, DSI, and classification 
of dynamic transition patterns
Respondents’ hearing and vision status were obtained 
through face-to-face questionnaires:

Hearing Status: “DA039 Is your hearing very good, 
good, fair, poor, or very poor (with a hearing aid if you 
normally use it and without if you normally don’t)? 
Would you say your hearing is excellent, very good, good, 
fair, or poor?”.

Vision status
Distance Vision: “DA033 How good is your eyesight for 
seeing things at a distance, like recognizing a friend from 
across the street (with glasses or corrective lenses if you 
wear them)? Would you say your eyesight for seeing 
things at a distance is excellent, very good, good, fair, or 
poor?”.

Near Vision: “How good is your eyesight for seeing 
things up close, like reading ordinary newspaper print 
(with glasses or corrective lenses if you wear them)? 
Would you say your eyesight for seeing things up close is 
excellent, very good, good, fair, or poor?”.

Respondents self-evaluated their hearing and vision on 
a scale of 1. Excellent, 2. Very good, 3. Good, 4. Fair, 5. 
Poor.

Impairment was defined as “fair” or “poor.”
HI: Present if a response of “fair” or “poor” to the cor-

responding question.
VI: Present if either distance or near vision impairment 

was reported.

Fig. 1 Overview and detailed workflow diagram of the study design. A Conceptual Diagram: Investigating the Impact of Baseline Exposure 
to Vision and Hearing Impairments on Chronic Disease Risk Using Prospective Cohort and Mendelian Randomization Studies. B Screening 
of the study population and establishment of 11 sub-cohorts (10 chronic diseases and multimorbidity) 1Dataset of “Biomarker” includes information 
of participants’ weight, height, grip strength and physical fitness etc. 2Dataset of “Health_status_and_function ” includes records of participants’ 
chronic disease onset time, auditory acuity, distance visual acuity, near visual acuity and etc. C Diagram of Mendelian Randomization Assumptions 
in This Study. Three basic assumptions are required for the genetic variants to qualify as valid instrumental variables (IVs): (Assumption1) they should 
be robustly associated with the exposure; (Assumption2) they should not be associated with potential confounders of the exposure-outcome 
association; and (Assumption3) they should not influence the outcome by any variable other than the exposure
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DSI: Present if both hearing and vision impairments 
were reported.

HI/VI/DSI transition patterns
Combining the HI/VI/DSI reports from 2011 and 2013, 
we classified four transition patterns:

HI/VI/DSI transition patterns
No HI/VI/DSI–No HI/VI/DSI: Never HI/VI/DSI (no HI/
VI/DSI in both 2011 and 2013).

No HI/VI/DSI–HI/VI/DSI: Newly developed HI/VI/
DSI (no HI/VI/DSI in 2011, developed HI/VI/DSI in 
2013).

HI/VI/DSI–No HI/VI/DSI: Relieved HI/VI/DSI (HI/
VI/DSI in 2011, no HI/VI/DSI in 2013).

HI/VI/DSI–HI/VI/DSI: Persistent HI/VI/DSI (HI/VI/
DSI in both 2011 and 2013).

Outcomes: evaluation of 13 chronic diseases 
and multimorbidity
The identification of 10 chronic diseases (whether pre-
sent and the first diagnosis time) was conducted through 
face-to-face questionnaires: “DA007 Have you been diag-
nosed with [conditions listed below, read one by one] by a 
doctor?” and “DA009 When was the condition first diag-
nosed or known by yourself? ___year or ___age?” Mul-
timorbidity was defined as the presence of two or more 
chronic diseases.

When the onset time was 2013 or earlier, it was con-
sidered a pre-existing condition; when the onset time 
was after 2013, it was considered a new incident during 
follow-up.

Additionally, the right-censoring criterion in this study 
is defined by the end of the follow-up period, specifically 
the conclusion of the fourth wave of the survey in 2018 
(at the end of September 2018). Positive outcome events 
for each sub-disease cohort were defined as the first 
occurrence of the reported disease during the follow-up 
period.

Covariates
Covariates included age, gender, BMI, household regis-
tration type, and marital status. Smoking and drinking 
status were obtained through questionnaires: “DA059 
Have you ever chewed tobacco, smoked a pipe, smoked 
self-rolled cigarettes, or smoked cigarettes/cigars?” and 
“DA069 Did you ever drink alcoholic beverages in the 
past? How often?”.

Social and individual activity levels were assessed 
through the question “Have you done any of these 

activities in the last month?” Social activity levels were 
evaluated based on participation in “socializing with 
friends,” “participating in clubs,” “engaging in organiza-
tions,” and “volunteering.” Personal activity levels were 
evaluated based on participation in “playing Mahjong,” 
“attending courses,” “stock trading,” and “surfing the 
internet.” Activities were classified as “inactive,” “moder-
ately active,” and “active” based on monthly participation 
frequency.

Physical fitness was assessed using the “five-time sit-to-
stand” test, with “low physical fitness” defined as an ina-
bility to complete the test or taking more than 12 s.

Grip strength was evaluated using the average of multi-
ple measurements, with “low grip strength” defined as an 
average grip strength below 28 kg for men or below 18 kg 
for women.

Additionally, the history of hypertension, hyperlipi-
demia, and diabetes or high blood sugar (DM/Hglu) were 
included as covariates.

MR
The study employed a series of two-sample MR meth-
ods using summary data from GWAS. The exposures 
analyzed by MR included VI caused by five ocular dis-
eases and self-reported HI [7, 8], with instrumental vari-
ables derived from the UK Biobank (UKB) GWAS. This 
research applied 24 chronic diseases as outcomes in the 
study, including atrial fibrillation and flutter (AF) [12], 
valvular heart disease (VHD) [12], major coronary heart 
disease event (CHD) [12], heart failure (HF) [12], hyper-
tension [12], stroke [12], blood glucose levels (GLU) [13], 
type 2 diabetes (T2D) [14], hepatitis [13], fibrosis and cir-
rhosis of liver (F&CL) [12], hepatic failure [12], chronic 
kidney disease (CKD) [15], renal failure [12], bronchitis 
[13], emphysema [12], chronic obstructive pulmonary 
disease (COPD) [12], pulmonary heart disease (PHD) 
[16], lung function (FVC [13]; FEV1/FVC [13]), Parkin-
son’s disease (PD) [17], Alzheimer’s disease (AD), asthma 
[12], major depressive disorders (MDD) [18], and schizo-
phrenia (SCZ) [19]. The data were obtained from various 
public GWAS resources, including FinnGen consortium 
(https:// r10. finng en. fi/), the IEU Open GWAS project 
(https:// gwas. mrcieu. ac. uk/), the GWAS Catalog (https:// 
www. ebi. ac. uk/ gwas/), as well as other disease-specific 
consortia such as the Diabetes Meta-Analysis of Trans-
Ethnic Association Studies (DIAMANTE) Consortium, 
the CKDGen Consortium, the Psychiatric Genomic 
Consortium (PGC), the International Genomics of Alz-
heimer’s Project (IGAP) consortium, and International 
Parkinson’s Disease Genomics Consortium (Fig. 1A, C). 
Detailed information on the MR design is provided in 
Additional File1: Table S1.

https://r10.finngen.fi/
https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/
https://www.ebi.ac.uk/gwas/
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Statistical analyses
To test the differences in baseline characteristics across 
HI, VI, and DSI transition patterns, ANOVA was used 
for normally distributed continuous variables, and chi-
square tests were used for categorical variables. Cox 
proportional hazards regression models were employed 
to evaluate the risk effects of hearing/vision levels, HI/
VI/DSI, and their transition patterns on outcomes 
(new chronic diseases and multimorbidity), reported as 
adjusted hazard ratios (aHR) with 95% confidence inter-
vals (CI) and presented in forest plots. The Cox propor-
tional hazards models were tested for major violations of 
assumptions. Log-rank test-based Kaplan–Meier analy-
sis was used to present the cumulative incidence of new 
outcomes within the 11 sub-cohorts based on HI/VI/DSI 
groups. Additionally, population attributable fractions 
(PAF) and their CIs were calculated, adjusted for covari-
ates, to quantify the burden of chronic diseases and mul-
timorbidity attributable to HI/VI/DSI and their dynamic 
changes.

In sensitivity analyses, we repeated the primary analy-
ses of the risk effects of HI/VI/DSI and their transition 
patterns on new chronic diseases and multimorbidity: 
(1) multiple imputation for missing data using chained 
equations; (2) propensity score matching (PSM) for over-
lapping weighting of confounding factors; (3) exclud-
ing individuals who developed the disease within the 
first year. All models were adjusted for age, gender, BMI, 
household registration status, marital status, smoking 
and drinking habits, social and individual activity lev-
els, low physical fitness, low grip strength, and history of 
hypertension, hyperlipidemia, and DM/Hglu.

For MR analysis, the inverse-variance weighted (IVW) 
method is utilized as the primary approach [20]. This 
method operates under the assumption that pleiotropy 
is either absent or balanced. Additionally, supplemen-
tary methods MR-Egger and the weighted-median were 
employed alongside IVW. The MR-Egger method is relia-
ble when more than 50% of the IVs are subject to horizon-
tal pleiotropy [21].The weighted-median method assumes 
that most IVs are valid and is considered robust when the 
percentage of horizontal pleiotropic IVs is < 50% [22]. To 
ensure the reliability of the final analysis results, the study 
employed specific screening criteria as filters for robust 
significant causality. These criteria included: (1) At least 
IVW method suggested a significant causal relationship. 
(2) Consistency in the direction of MR analysis results (β 
value) across all three methods.

The Bonferroni correction for multiple testing was 
conducted to correct P values [23]. A P value less than 
1.04E − 03 (0.05/24/2 = 0.00104) was considered as 
strong evidence of a causal association. A P value falling 

between 1.04E − 03 and 0.05 was considered as sugges-
tive evidence for a potential causal association. Mean-
while, the corresponding 99.896% (1–0.00104) CI was 
calculated based on the Bonferroni-corrected α_adjusted 
(0.00104) and reported alongside the conventional 95% 
CI. We assessed heterogeneity using Cochran’s Q test 
[24]. In addition, MR‐Egger intercept and MRPRESSO 
were used to evaluate potential horizontal pleiotropy [25, 
26]. If the outliers were detected, they would be removed, 
and the MR causal estimation would be reassessed. The 
outcomes corrected by MRPRESSO were included in 
the primary results, thereby expanding the IVW analy-
sis framework. Finally, “leave-one-out” analyses were 
performed to evaluate whether any single SNP was driv-
ing the results [27].All MR analyses were performed out 
in R software 2023.12.1 + 402 with “TwoSampleMR”, 
“MRPRESSO”packages.

Results
Baseline characteristics
Significant differences in demographic characteristics 
were observed across groups of NoHI-NoHI, HI-NoHI, 
NoHI-HI, and HI-HI: individuals with persistent no HI 
were the youngest on average, had the highest propor-
tion of males, highest BMI levels, and the lowest propor-
tion of agricultural household registration. Additionally, 
they had the lowest proportion of non-drinkers, greater 
participation in social and personal activities, and 
fewer individuals with low physical fitness and low grip 
strength. At baseline, individuals with persistent HI had 
the highest number of comorbidities and a higher preva-
lence of 11 chronic diseases, including heart disease and 
hyperlipidemia, as well as a higher rate of multimorbidity.

Similarly, self-reported VI over 2 years exhibited four 
patterns: persistent no VI, transition from VI to no VI, 
transition from no VI to VI, and persistent VI. Individu-
als with persistent no VI were younger, had a higher pro-
portion of males, higher BMI levels, and the highest rates 
of smoking.

In contrast, those with persistent VI had lower social 
and personal activity levels and a higher number of 
comorbidities at baseline. This group also had the sig-
nificantly highest prevalence of 11 chronic diseases and 
multimorbidity, except for memory-related diseases 
(Table 1).

DSI over 2 years also exhibited four patterns: persis-
tent no DSI, transition from DSI to no DSI, transition 
from no DSI to DSI, and persistent DSI. The differences 
in demographic characteristics across DSI transition pat-
terns were like those observed in HI transition patterns 
(Table 2).
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Table 2 Stratified baseline characteristics of participants according to the DSI transition patterns from 2011 to 2013

NoDSI-NoDSI NoDSI-DSI DSI-NoDSI DSI-DSI p

n 2377 1668 1180 2873

Age 58.81 (8.68) 59.58 (8.61) 61.03 (8.81) 61.63 (8.76) < 0.001

Sex = male (%) 1156 (48.6) 762 (45.7) 493 (41.8) 1281 (44.6) 0.001

BMI (kg/m2) 24.12 (3.82) 23.78 (3.77) 23.98 (3.85) 23.73 (3.78) 0.001

Residence Registration Status = agricultural (%) 1848 (77.7) 1380 (82.7) 991 (84.0) 2410 (83.9) < 0.001

Marital Status = married (%) 2091 (88.0) 1498 (89.8) 1027 (87.0) 2524 (87.9) 0.106

Smoke = yes (%) 995 (41.9) 687 (41.2) 457 (38.7) 1171 (40.8) 0.35

Drink 0.006

 = sometimes (%) 680 (28.6) 442 (26.5) 290 (24.6) 694 (24.2)

 = often (%) 194 (8.2) 127 (7.6) 101 (8.6) 214 (7.4)

 = no (%) 1503 (63.2) 1099 (65.9) 789 (66.9) 1965 (68.4)

Level of Social Activity Engagement < 0.001

 = active (%) 844 (35.5) 499 (29.9) 362 (30.7) 854 (29.7)

 = moderate (%) 350 (14.7) 250 (15.0) 137 (11.6) 367 (12.8)

 = non-participatory (%) 1183 (49.8) 919 (55.1) 681 (57.7) 1652 (57.5)

Level of Individual Activity Engagement < 0.001

 = active (%) 261 (11.0) 128 (7.7) 110 (9.3) 192 (6.7)

 = moderate (%) 425 (17.9) 270 (16.2) 155 (13.1) 393 (13.7)

 = non-participatory (%) 1691 (71.1) 1270 (76.1) 915 (77.5) 2288 (79.6)

Physical Fitness Level = low (%) 467 (19.6) 379 (22.7) 327 (27.7) 764 (26.6) < 0.001

Grip strength = low (%) 365 (15.4) 313 (18.8) 248 (21.0) 678 (23.6) < 0.001

Auditory Acuity in 2013 < 0.001

 = excellent (%) 131 (5.5) 0 (0.0) 51 (4.3) 0 (0.0)

 = very good (%) 853 (35.9) 0 (0.0) 291 (24.7) 0 (0.0)

 = good (%) 1135 (47.7) 0 (0.0) 598 (50.7) 0 (0.0)

 = fair (%) 221 (9.3) 1416 (84.9) 167 (14.2) 2067 (71.9)

 = poor (%) 37 (1.6) 252 (15.1) 73 (6.2) 806 (28.1)

Auditory Acuity in 2011 < 0.001

 = excellent (%) 78 (3.3) 28 (1.7) 0 (0.0) 0 (0.0)

 = very good (%) 728 (30.6) 350 (21.0) 0 (0.0) 0 (0.0)

 = good (%) 1368 (57.6) 1059 (63.5) 0 (0.0) 0 (0.0)

 = fair (%) 169 (7.1) 183 (11.0) 1008 (85.4) 2070 (72.1)

 = poor (%) 34 (1.4) 48 (2.9) 172 (14.6) 803 (27.9)

Distance Visual Acuity in 2013 < 0.001

 = excellent (%) 147 (6.2) 20 (1.2) 52 (4.4) 15 (0.5)

 = very good (%) 569 (23.9) 77 (4.6) 253 (21.4) 92 (3.2)

 = good (%) 790 (33.2) 177 (10.6) 386 (32.7) 185 (6.4)

 = fair (%) 599 (25.2) 992 (59.5) 297 (25.2) 1642 (57.2)

 = poor (%) 272 (11.4) 402 (24.1) 192 (16.3) 939 (32.7)

Distance Visual Acuity in 2011 < 0.001

 = excellent (%) 76 (3.2) 29 (1.7) 7 (0.6) 4 (0.1)

 = very good (%) 561 (23.6) 277 (16.6) 46 (3.9) 85 (3.0)

 = good (%) 902 (37.9) 669 (40.1) 149 (12.6) 264 (9.2)

 = fair (%) 573 (24.1) 472 (28.3) 675 (57.2) 1535 (53.4)

 = poor(%) 265 (11.1) 221 (13.2) 303 (25.7) 985 (34.3)

Near Visual Acuity in 2013 < 0.001

 = excellent (%) 114 (4.8) 4 (0.2) 35 (3.0) 5 (0.2)

 = very good (%) 466 (19.6) 45 (2.7) 203 (17.2) 77 (2.7)

 = good (%) 735 (30.9) 189 (11.3) 429 (36.4) 237 (8.2)
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Prospective associations of vision and hearing levels 
with chronic diseases and multimorbidity vents
Prospective associations of self‑reported distance/near vision 
and hearing levels (excellent, very good, good, fair, poor) 
with 10 chronic diseases and multimorbidity events
Changes in the proportions of self-reported hearing, dis-
tance/near vision levels from 2011 to 2013 and distribu-
tion of HI/VI dynamic change patterns are illustrated in 
Additional File1: Table.S2, Table.S3, Table.S4 and 3D bar 
charts (Additional File1: Fig.S1).

Compared to individuals who reported very poor 
hearing levels in 2011 or 2013, those who reported fair 
to excellent hearing levels in the same years exhibited 
significantly reduced risks (17–72%) of developing 
new incidents of heart disease, stroke, DM/Hglu, liver 
disease, kidney disease, chronic lung disease, mem-
ory-related diseases, and multimorbidity after 2013 
(Fig. 2).

Similarly, compared to individuals who reported 
very poor distance vision levels in 2011 or 2013, those 
who reported fair to excellent distance vision levels 
demonstrated significantly lower risks (16–90%) of 

developing new incidents of heart disease, hyperten-
sion, DM/Hglu, liver disease, kidney disease, chronic 
lung disease, memory-related diseases, ENP, and mul-
timorbidity after 2013 (Fig. 2).

In addition, compared to individuals who reported 
very poor near vision levels in 2011 or 2013, those who 
reported fair to excellent near vision levels had signifi-
cantly lower risks (18–56%) of developing new inci-
dents of heart disease, DM/Hglu, chronic lung disease, 
asthma, and multimorbidity after 2013 (Fig. 2).

Prospective cumulative incidence of chronic diseases 
and multimorbidity in VI, HI, and DSI
Kaplan–Meier curves were plotted to calculate the 
cumulative incidence of 10 chronic diseases and multi-
morbidity over a 5-year follow-up period for individu-
als with and without VI, HI, and DSI. The Log-rank 
test confirmed that, compared to those without HI, 
individuals with baseline HI had significantly higher 
cumulative incidence rates of heart disease, chronic 
lung disease, memory-related diseases, asthma, ENP, 
and multimorbidity within 5 years. Similarly, compared 

Table 2 (continued)

NoDSI-NoDSI NoDSI-DSI DSI-NoDSI DSI-DSI p

 = fair (%) 694 (29.2) 972 (58.3) 314 (26.6) 1635 (56.9)

 = poor (%) 368 (15.5) 458 (27.5) 199 (16.9) 919 (32.0)

Near Visual Acuity in 2011 < 0.001

 = excellent (%) 51 (2.1) 18 (1.1) 4 (0.3) 5 (0.2)

 = very good (%) 410 (17.2) 229 (13.7) 17 (1.4) 39 (1.4)

 = good (%) 859 (36.1) 641 (38.4) 123 (10.4) 279 (9.7)

 = fair (%) 703 (29.6) 516 (30.9) 689 (58.4) 1598 (55.6)

 = poor (%) 354 (14.9) 264 (15.8) 347 (29.4) 952 (33.1)

Number of diseases reported in 2013 1.14 (1.20) 1.45 (1.36) 1.47 (1.44) 1.74 (1.50) < 0.001

Disease Histories in 2013
Heart Diseases (%) 238 (10.0) 229 (13.7) 176 (14.9) 507 ( 17.6) < 0.001

Dyslipidemia (%) 364 (15.3) 222 (13.3) 164 (13.9) 493 (17.2) 0.002

Hypertension (%) 603 (25.4) 438 (26.3) 325 (27.5) 910 (31.7) < 0.001

Stroke (%) 70 (2.9) 58 (3.5) 33 (2.8) 151 (5.3) < 0.001

Diabetes or high blood sugar (%) 163 (6.9) 125 (7.5) 93 (7.9) 305 (10.6) < 0.001

Liver disease (%) 105 (4.4) 96 (5.8) 68 (5.8) 213 (7.4) < 0.001

Kidney disease (%) 152 (6.4) 144 (8.6) 97 (8.2) 322 (11.2) < 0.001

Chronic lung diseases (%) 201 (8.5) 188 (11.3) 151 (12.8) 387 (13.5) < 0.001

Memory-related disease (%) 26 (1.1) 35 (2.1) 30 (2.5) 100 (3.5) < 0.001

Asthma (%) 74 (3.1) 77 (4.6) 65 (5.5) 149 (5.2) 0.001

Emotional, nervous or psychiatric problems (%) 38 (1.6) 44 (2.6) 27 (2.3) 99 (3.4) < 0.001

Multimorbidity (%) 719 (30.2) 670 (40.2) 481 (40.8) 1420 (49.4) < 0.001

Continuous variables were tested to be normally distributed and presented as mean (standard deviation); categorical variables were presented as numerical values 
(percentages). ANOVA and chi-square tests were used to test the intergroup differences for continuous and categorical variables, respectively

Abbreviations: DSI Dual Sensory Impairment, NoDSI No Dual Sensory Impairment, BMI body mass index
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to those without VI, individuals with baseline VI had 
significantly higher cumulative incidence rates of heart 
diseases, DM/Hglu, kidney disease, chronic lung dis-
ease, asthma, and multimorbidity within 5 years. Addi-
tionally, compared to those without DSI, individuals 
with baseline DSI had significantly higher cumulative 
incidence rates of heart diseases, DM/Hglu, kidney 
disease, chronic lung disease, memory-related disease, 
asthma, and multimorbidity within 5 years (Additional 
File1: Fig.S2).

Prospective associations of continuous changes in VI, HI, 
and DSI with chronic diseases and multimorbidity events
Risk factor contributions of VI, HI, DSI, and their dynamic 
changes to 10 chronic diseases and multimorbidity
According to the calculated PAF%(95%CIs), baseline 
HI contributed significantly to the risk of heart diseases 
(17.42%, 7.58–26.68%), DM/Hglu (12.74%, 1.68–23.14%), 
chronic lung disease (16.65%, 4.49–27.93%), memory-
related disease (25.13%, 6.96–41.00%), asthma (24.22%, 
2.12–43.07%), and multimorbidity (9.11%, 2.66–15.39%) 
to varying degrees. In dynamic measurements, HI 
reported twice consecutively significantly contributed 

Fig. 2 Heatmap of the risk effects (aHR) of self-reported levels of auditory and distance/nearvisual acuity on chronic diseases and multimorbidity. 
aHR adjusted hazard ratios, *, P < 0.05. Abbreviations: DM/Hglu diabetes or high blood sugar, ENP emotional, nervous, or psychiatric problems
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10.41–31.04% to the incidence risk of 9 chronic diseases 
and multimorbidity, excluding hypertension (Additional 
File1: Table S5, Fig.S3A).

Baseline VI contributed significantly to the risk of 
heart diseases (16.63%, 0.61–30.52%), kidney disease 
(26.50%, 3.93–44.50%), chronic lung disease (20.14%, 
1.02–36.15%), asthma (42.30%, 8.52–64.66%), and mul-
timorbidity (16.68%, 6.83–25.71%) to varying degrees. 
In dynamic measurements, persistent VI reported twice 
consecutively contributed significantly to therisk of DM/
Hglu (29.25%, 6.93–47.62%), kidney disease (43.22%, 
11.69–65.40%), chronic lung disease (25.89%, 1.00–
46.25%), and multimorbidity (22.53%, 10.39–33.66%) 
(Additional File1:Table S6, Fig.S3B).

Baseline DSI contributed significantly to the incidence 
risk of heart disease (14.88%, 6.14–23.29%), DM/Hglu 
(12.92%, 3.19–22.27%), kidney disease (13.69%, 0.87–
25.85%), chronic lung disease (18.68%, 8.03–28.77%), 
memory-related diseases (20.68%, 4.74–35.27%), asthma 
(28.57%, 9.39–45.33%), and multimorbidity (10.25%, 
4.59–15.83%). In dynamic measurements, DSI reported 
twice consecutively contributed significantly to the inci-
dence risk of 9 chronic diseases and multimorbidity, 
excluding hypertension (Additional File1: Table  S7, Fig.
S3C).

Prospective association of VI, HI, and DSI and their dynamic 
change patterns with the incidence risk of 10 chronic diseases 
and multimorbidity
Compared to individuals without HI, those with base-
line HI had higher risks of developing heart diseases 
(P < 0.001, HR 1.35, 95%CI 1.14, 1.60), DM/Hglu (P 
0.025, HR 1.24, 95% CI 1.03, 1.49), chronic lung disease 
(P 0.008, HR 1.33, 95% CI 1.08, 1.63), memory-related 
diseases (P 0.008, HR 1.54, 95% CI 1.12, 2.12), asthma 
(P 0.033, HR 1.52, 95% CI 1.04, 2.22), and multimorbid-
ity (P 0.006, HR 1.18, 95% CI 1.05, 1.32). In continuous 
monitoring, compared to those with persistent no HI, 
individuals with persistent HI had significantly increased 
risks of heart diseases (P < 0.001, HR 1.63, 95% CI 1.31, 
2.03), stroke (P 0.004, HR 1.59, 95% CI 1.16, 2.18), DM/
Hglu (P < 0.001, HR 1.50, 95% CI 1.19, 1.89), liver disease 
(P 0.013, HR 1.56, 95% CI 1.10, 2.21), kidney disease (P 
0.027, HR 1.42, 95% CI 1.04, 1.94), chronic lung disease 
(P 0.002, HR 1.53, 95% CI 1.17, 1.99), memory-related 
diseases (P < 0.001, HR 2.08, 95% CI 1.36, 3.18), asthma 
(P 0.045, HR 1.63, 95% CI 1.01, 2.63), ENP (P 0.016, HR 
2.03, 95% CI 1.14, 3.60), and multimorbidity (P < 0.001, 
HR 1.32, 95% CI 1.14, 1.52) (Table 3, Fig. 3).

Compared to individuals without VI, those with early 
VI exhibited higher risks of developing heart diseases 
(P 0.042, HR 1.25, 95% CI 1.01, 1.55), kidney disease (P 
0.024, HR 1.45, 95% CI 1.05, 2.00), chronic lung disease 

(P 0.040, HR 1.32, 95% CI 1.01,1.71), asthma (P 0.018, 
HR 1.91, 95% CI 1.12, 3.28), and multimorbidity (P 0.001, 
HR 1.26, 95% CI 1.10,1.45). Continuous monitoring 
revealed that persistent VI was significantly associated 
with increased risks of DM/Hglu (P:0.012,HR:1.63, 95% 
CI 1.11, 2.38), kidney disease (P 0.010, HR 2.16, 95% CI 
1.20, 3.87), chronic lung disease (P 0.042, HR 1.53, 95% 
CI 1.02, 2.31), and multimorbidity (P < 0.001, HR 1.47, 
95% CI 1.19, 1.82), with higher effect sizes compared to 
single time reported VI (Table 4, Fig. 3).

Compared to individuals without DSI, those with early 
DSI were closely associated with higher risks of heart dis-
eases (P < 0.001, HR 1.32, 95% CI 1.12, 1.55), DM/Hglu 
(P 0.010, HR 1.27, 95% CI 1.06, 1.52), kidney disease (P 
0.037, HR 1.29, 95% CI 1.02, 1.63), chronic lung disease 
(P < 0.001, HR 1.42, 95% CI 1.16, 1.73), memory-related 
disease (P 0.012, HR 1.47, 95% CI 1.09, 1.98), asthma (P 
0.004, HR 1.72, 95% CI 1.19, 2.49), and multimorbid-
ity (P < 0.001, HR 1.22, 95% CI 1.09, 1.37). In continuous 
tracking, individuals with persistent DSI had higher risks 
of developing heart diseases (P < 0.001, HR 1.59, 95% CI 
1.29, 1.95), stroke (P 0.012, HR 1.45, 95% CI 1.08, 1.95), 
DM/Hglu (P < 0.001, HR 1.60, 95% CI 1.27, 2.01), liver 
disease (P 0.030, HR 1.45, 95% CI 1.04, 2.02), kidney dis-
ease (P 0.019, HR 1.44, 95% CI 1.06–1.94), chronic lung 
disease (P < 0.001, HR 1.71, 95% CI 1.32, 2.21), memory-
related diseases (P 0.001, HR 1.92, 95% CI 1.29,2.85), 
asthma (P 0.020, HR 1.71, 95% CI 1.09, 2.69), ENP (P 
0.045, HR 1.72, 95% CI 1.01, 2.93), and multimorbidity 
(P < 0.001, HR 1.36, 95% CI 1.18, 1.56) compared to those 
with persistent no DSI (Table 5, Fig. 3).

Sensitivity analysis
The primary results regarding the risk effects of HI, VI, 
DSI, and their transition patterns on the incidence of new 
chronic diseases and multimorbidity were robust in the 
sensitivity analyses.

First, analysis with imputed age and BMI data yielded 
results similar to the original analysis (Additional File1: 
Table.S8, Table.S9, Table.S10, Fig.S4).

Then, reanalysis of the dataset after multianalysis again 
produced similar results (Additional File1: Table.S11, 
Table.S12, Table.S13, Fig.S5). This indicates that the risk 
associated with HI, VI, DSI, or their transition patterns 
was not biased by differences in baseline characteristics 
such as age, gender, BMI, household registration and 
marital status, smoking and drinking status, social and 
personal activity levels, low physical fitness and low grip 
strength, history of hypertension, hyperlipidemia, and 
DM/Hglu.

Next, after excluding individuals who developed the 
disease within the first year of follow-up, reanalysis 
highlighted a significant association between dynamic 
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patterns of VI and increased risk of chronic kidney dis-
ease, compared to those with persistent no VI. However, 
the associations with heart disease, chronic lung disease, 
and asthma did not reach statistical significance. For HI 
and DSI and their dynamic patterns, the primary results 
remained consistent in the reanalysis. These findings pro-
vide further support for the causal relationship between 
early HI, VI, and DSI and the subsequent development 
of chronic diseases and multimorbidity (Additional File1: 
Table.S14, Table.S15, Table.S16, Fig.S6).

Finally, we then examined the effect of sensory aids. In 
2013, hearing aid use was rare (0.4%), while 7.45% regu-
larly used visual aids and 21.47% used them occasionally. 
Including sensory aid use as model covariates yielded 
results similar to our primary findings, indicating that 
aid use did not modify the relationship between sensory 
impairment and chronic disease risk (Additional File1: 
Table.S17, Table.S18, Table.S19, Fig.S7).

VI, HI, and chronic diseases: results from MR analysis
A total of 27 genetic instruments significantly impact-
ing HI were identified in our MR analysis (Additional 
File1: Table.S20). We noted HI was strongly associated 
with a higher risk of four outcomes (P < 0.00104): VHD 
[OR_IVW, 95%CI 2.70, 1.51–4.85], hypertension [OR_
IVW, 95%CI 1.94, 1.39–2.72)], renal failure [OR_IVW, 
95%CI 4.65, 2.24–9.68], and schizophrenia (SCZ) 
[OR_IVW, 95%CI 2.12, 1.37–3.28]. Additionally, HI was 
suggestively associated with a higher risk of six out-
comes (0.00104 < P < 0.05): AF [OR_IVW, 95%CI 2.23, 

1.28–3.91)], CHD [OR_IVW,95%CI 1.87, 1.09–3.20)], 
HF [OR_IVW, 95%CI 2.06, 1.30–3.28)], stroke [OR_IVW, 
95%CI 1.61, 1.01–2.55], chronic kidney disease (CKD) 
[OR_IVW, 95%CI 2.00, 1.17–3.42)], and bronchitis [OR_
IVW, 95%CI 2.60, 1.05–6.41] (Fig.  4A and Additional 
File1:Table.S21). Moreover, the corresponding 99.896%CI 
calculated based on the Bonferroni-corrected α_adjusted 
is displayed in Additional File1: Fig.S8 A.

After selection, 48 independent SNPs significantly 
associated with VI were used in our MR analysis (Addi-
tional File1: Table.S22). The IVW model revealed sug-
gestive associations between VI and an elevated risk 
of four conditions (0.00104 < P < 0.05): hepatic failure 
[OR_IVW, 95%CI 1.15, 1.01–1.31)], reduced lung func-
tion (FEV1/FVC) [OR_IVW, 95%CI 0.98, (0.97, 0.99)], 
Parkinson’s disease (PD) [OR_IVW, 95%CI 1.07, 1.04–
1.11], and Alzheimer’s disease (AD) [OR_IVW, 95%CI 
1.12, 1.02–1.24]. Furthermore, strong associations were 
identified between VI and an increased risk of threecon-
ditions (P < 0.00104): Blood glucose levels (GLU) [OR_
IVW, 95%CI 1.02,1.01 − 1.03)], T2D [OR_IVW, 95%CI 
1.06, 1.04–1.08], and reduced lung function (FVC) [OR_
IVW, 95%CI 0.99, 0.98–0.99] (Fig.  4B and Additional 
File1:Table.S21). Moreover, the corresponding 99.896%CI 
calculated based on the Bonferroni-corrected α_adjusted 
is displayed in Additional File1: Fig.S8 B.

Using the weighted median and MR Egger regression 
methods, consistent directionality of effect estimates was 
noted in all significant associations (Additional File1: 

Table 3 Association of HI in 2013 with 10 chronic diseases and multimorbidity new-onset risk and association of HI transition patterns 
from 2011 to 2013 with 10 chronic diseases and multimorbidity new-onset risk in the CHARLS cohort

All calculated aHRs (95% CI) considered the adjustment for confounding factors including age, sex, BMI, residence registration status, marital status, smoke, drink, level 
of social and individual activity engagement, physical fitness, grip strength, and medical history of hypertension, dyslipidemia, DM/Hglu

Abbreviations: HI Hearing Impairment, DM/Hglu Diabetes or high blood sugar, ENP Emotional, nervous or psychiatric problems
a  In the adjusted analysis of confounding factors, a history of hypertension was exclude
b  In the adjusted analysis of confounding factors, a history of DM/Hglu was exclude

HI in 2013 HI Change Pattern

NoHI-HI vs NoHI-HI HI-NoHI vs NoHI-NoHI HI-HI vs NoHI-NoHI

aHR (95%CI) P aHR (95%CI) P aHR (95%CI) P aHR (95%CI) P

Heart diseases 1.35(1.14–1.60)  < 0.001 1.29(0.99–1.67) 0.060 1.36(1.02–1.81) 0.034 1.63(1.31–2.03) < 0.001

Hypertensiona 1.05(0.92–1.19) 0.484 1.04 (0.87–1.26) 0.653 1.06(0.86–1.31) 0.589 1.08(0.92–1.27) 0.332

Stroke 1.13(0.89–1.43) 0.312 1.25(0.86–1.83) 0.250 1.86(1.27–2.73) 0.001 1.59 (1.16–2.18) 0.004

DM/Hglub 1.24(1.03–1.49) 0.025 1.13(0.85–1.50) 0.403 1.32(0.98–1.79) 0.073 1.50(1.19–1.89) < 0.001

Liver disease 1.14 (0.87–1.50) 0.349 0.90 (0.57–1.42) 0.657 1.50(0.96–2.34) 0.076 1.56(1.10–2.21) 0.013

Kidney disease 1.21(0.95–1.54) 0.127 1.26 (0.88–1.82) 0.209 1.39(0.93–2.07) 0.111 1.42 (1.04–1.94) 0.027

Chronic lung disease 1.33(1.08–1.63) 0.008 1.36(1.00–1.84) 0.054 1.32(0.93–1.87) 0.120 1.53(1.17–1.99) 0.002

Memory-related disease 1.54 (1.12–2.12) 0.008 1.52(0.91–2.51) 0.108 1.64(0.95–2.84) 0.076 2.08(1.36–3.18) < 0.001

Asthma 1.52(1.04–2.22) 0.033 1.41 (0.81–2.47) 0.225 1.08(0.56–2.11) 0.819 1.63 (1.01–2.63) 0.045

ENP 1.51 (0.98–2.33) 0.059 1.51 (0.77–2.98) 0.233 1.62(0.78–3.38) 0.195 2.03(1.14–3.60) 0.016

Multimorbidity 1.18(1.05–1.32) 0.006 1.17 (1.00–1.39) 0.057 1.24(1.03–1.50) 0.023 1.32(1.14–1.52) < 0.001
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Table.S21), thereby confirming the outcomes of the IVW 
model.

As previously stated, in instances where outliers were 
identified, they were excluded, and the causal estimation 
was reassessed. As a result, no evidence of pleiotropy was 
detected in any of the analyses. No heterogeneity was 
detected in the Cochran’s Q analysis (P > 0.05) (Addi-
tional File1: Table.S21). Furthermore, the “leave-one-out” 
analysis revealed that the exclusion of each SNP did not 
lead to any significant changes in the outcomes.

Scatter plots and “leave-one-out” tests of VI/HI with 
outcomes of 24 chronic diseases were presented in sup-
plementary Additional File1: Fig.S9- Fig.S56.

Discussion
This study involved repeated measurements of hear-
ing, vision, and dual-sensory levels within a prospective 
cohort study (CS), analyzing the patterns of change in 

relation to the risk of various chronic diseases and mul-
timorbidity. We found that dynamic changes in HI/VI/
DSI status significantly increased the risk of incident 10 
chronic diseases and multimorbidity. Mendelian ran-
domization confirmed significant or potential genetic 
associations between HI/VI and 8 chronic diseases, 
including heart diseases, hypertension, stroke, DM/Hglu, 
kidney disease, lung disease, memory disease, and ENP 
(Fig. 5).

From a mechanism perspective, the association 
between HI/VI/DSI and various chronic diseases has 
both commonalities and specificities. Common pathways 
that may link auditory and visual impairments to disease 
onset include chronic systemic inflammation, vascular 
dysfunction, immune activation, and shared health and 
metabolic risk factors. However, some specific patho-
genic mechanisms of the diseases themselves and the risk 

Fig. 3 Forest plots of the risk effects (aHR) of HI/VI/DSI & HI/VI/DSI transition patterns on chronic diseases and multimorbidity. A heart diseases (B) 
hypertension (C) stroke (D) Diabetes or high blood sugar (E) liver disease (F) kidney disease (G) chronic lung diseases (H) Memory-related disease (I) 
Asthma (J) Emotional, nervous or psychiatric problems and (K) multimorbidity
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gene loci shared with auditory and visual impairments 
differ and require special analysis.

AD and PD are common neurodegenerative disorders 
affecting memory function in middle-aged and elderly 

populations. This association may be linked through the 
extensive involvement of the dopaminergic neuronal sys-
tem in the regulation of auditory [28] and retinal func-
tions [29, 30]. Dopaminergic amacrine cells in the retina 

Table 4 Association of VI in 2013 with 10 chronic diseases and multimorbidity new-onset risk and association of VI transition patterns 
from 2011 to 2013 with 10 chronic diseases and multimorbidity new-onset risk in the CHARLS cohort

All calculated aHRs (95% CI) considered the adjustment for confounding factors including age, sex, BMI, residence registration status, marital status, smoke, drink, level 
of social and individual activity engagement, physical fitness, grip strength, and medical history of hypertension, dyslipidemia, DM/Hglu

Abbreviations: VI Vision Impairment, DM/Hglu Diabetes or high blood sugar, ENP Emotional, nervous or psychiatric problems
a  In the adjusted analysis of confounding factors, a history of hypertension was exclude
b  In the adjusted analysis of confounding factors, a history of DM/Hglu was exclude

VI in 2013 VI Change Pattern

NoVI-VI vs NoVI-VI VI-NoVI vs NoVI-NoVI VI-VI vs NoVI-NoVI

aHR(95%CI) P aHR(95%CI) P aHR(95%CI) P aHR(95%CI) P

Heart diseases 1.25(1.01–1.55) 0.042 0.84(0.57–1.24) 0.388 0.90(0.60–1.33) 0.584 1.24(0.91–1.70) 0.172

Hypertensiona 1.15(0.98–1.35) 0.094 1.25 (0.94–1.65) 0.125 1.11(0.83–1.50) 0.484 1.22(0.95–1.55) 0.116

Stroke 1.14(0.85–1.52 0.388 0.81(0.46–1.42) 0.459 1.05(0.61–1.80) 0.873 1.24 (0.79–1.95) 0.342

DM/Hglub 1.23(0.97–1.56) 0.086 1.08(0.69–1.70) 0.743 1.42(0.91–2.23) 0.126 1.63(1.11–2.38) 0.012

Liver disease 1.07 (0.77–1.51) 0.677 1.11 (0.58–2.13) 0.753 1.51(0.79–2.87) 0.210 1.45 (0.84–2.52) 0.185

Kidney disease 1.45 (1.05–2.00) 0.024 2.33(1.23–4.39) 0.009 1.86(0.96–3.62) 0.068 2.16(1.20–3.87) 0.010

Chronic lung disease 1.32(1.01–1.71) 0.040 1.22 (0.76–1.98) 0.411 1.21(0.74–1.98) 0.458 1.53 (1.02–2.31) 0.042

Memory-related disease 1.42(0.95–2.13) 0.085 1.55 (0.69–3.49) 0.288 1.54 (0.68–3.51) 0.300 1.97(0.97–4.03) 0.062

Asthma 1.91 (1.12–3.28) 0.018 2.05(0.82–5.08) 0.123 1.04 (0.37–2.94) 0.936 1.94(0.85–4.45) 0.116

ENP 1.34 (0.77–2.31) 0.299 0.96 (0.32–2.85) 0.934 1.27(0.43–3.72) 0.664 1.68(0.68–4.16) 0.263

Multimorbidity 1.26(1.10–1.45) 0.001 1.33(1.04–1.70) 0.025 1.26(0.97–1.63) 0.081 1.47 (1.19–1.82) < 0.001

Table 5 Association of DSI in 2013 with 10 chronic diseases and multimorbidity new-onset risk and association of DSI transition 
patterns from 2011 to 2013 with 10 chronic diseases and multimorbidity new-onset risk in the CHARLS cohort

All calculated aHRs (95% CI) considered the adjustment for confounding factors including age, sex, BMI, residence registration status, marital status, smoke, drink, level 
of social and individual activity engagement, physical fitness, grip strength, and medical history of hypertension, dyslipidemia, DM/Hglu

Abbreviations: DSI Dual Sensory Impairment, DM/Hglu Diabetes or high blood sugar, ENP Emotional, nervous or psychiatric problems
a  In the adjusted analysis of confounding factors, a history of hypertension was exclude
b  In the adjusted analysis of confounding factors, a history of DM/Hglu was exclude

DSI in 2013 DSI Change Pattern

NoDSI-DSI vs NoDSI-
DSI

DSI-NoDSI vs NoDSI-
NoDSI

DSI-DSI vs NoDSI-
NoDSI

aHR(95%CI) P aHR(95%CI) P aHR(95%CI) P aHR(95%CI) P

Heart diseases 1.32(1.12–1.55)  < 0.001 1.21(0.95–1.55) 0.130 1.29(0.99–1.68) 0.061 1.59(1.29–1.95) < 0.001

Hypertensiona 1.09(0.96–1.24) 0.180 1.17(0.98–1.40) 0.084 1.22(1.01–1.49) 0.044 1.17(1.00–1.38) 0.052

Stroke 1.12(0.89–1.40) 0.324 1.13(0.79–1.60) 0.510 1.54(1.09–2.19) 0.016 1.45(1.08–1.95) 0.012

DM/Hglub 1.27(1.06–1.52) 0.010 1.25(0.96–1.64) 0.102 1.47(1.11–1.96) 0.007 1.60(1.27–2.01) < 0.001

Liver disease 1.07(0.82–1.39) 0.632 0.88(0.57–1.34) 0.548 1.47(0.97–2.21) 0.068 1.45(1.04–2.02) 0.030

Kidney disease 1.29(1.02–1.63) 0.037 1.37(0.98–1.93) 0.069 1.29(0.88–1.89) 0.189 1.44(1.06–1.94) 0.019

Chronic lung disease 1.42(1.16–1.73)  < 0.001 1.52(1.14–2.04) 0.005 1.48(1.07–2.05) 0.019 1.71(1.32–2.21) < 0.001

Memory-related 
disease

1.47(1.09–1.98) 0.012 1.57(1.00–2.49) 0.052 1.63(1.00–2.65) 0.049 1.92(1.29–2.85) 0.001

Asthma 1.72(1.19–2.49) 0.004 1.55(0.93–2.58) 0.097 0.89(0.46–1.72) 0.726 1.71(1.09–2.69) 0.020

ENP 1.25(0.84–1.87) 0.266 1.37(0.74–2.56) 0.319 1.78(0.94–3.34) 0.076 1.72(1.01–2.93) 0.045

Multimorbidity 1.22(1.09–1.37)  < 0.001 1.23(1.05–1.44) 0.011 1.21(1.02–1.45) 0.032 1.36(1.18–1.56) < 0.001
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play a crucial role in visual modulation, such as light 
response [31]. The accumulation of β-amyloid [32] and 
tau proteins [33] in both the brain and the retina/optic 
nerve simultaneously affects memory function and sen-
sory levels [34]. Neurodegenerative changes in regions 
such as the basal ganglia, hippocampus, temporal lobe 
auditory cortex, and occipital lobe visual cortex con-
nect memory decline with the clinical manifestations of 
sensory impairments [35]. Additionally, oxidative stress 
[36], mitochondrial dysfunction [37], and neuroinflam-
mation [38] in brain regions like the substantia nigra, 
cortical areas, microglia, and sensory neurons contrib-
ute to the development of PD/AD and associated sensory 
impairments.

Emotional, nervous or psychiatric problems (ENP) 
are often comorbid with sensory impairments, particu-
larly visual and auditory deficits [39]. The link between 
hearing loss and psychiatric disorders may be explained 
by shared genetic factors and neuroimmune responses. 
Overlapping single-nucleotide polymorphisms between 
hearing loss [40] and brain disorders such as schizo-
phrenia and psychosis [41] suggest a potential genetic 
basis for this connection. Furthermore, from a neu-
roinflammatory and immune response perspective 
[42], during aging, macrophages in the cochlea and 
microglia in the auditory brainstem exhibit activa-
tion patterns consistent with chronic inflammation in 
their microenvironment [43]. This immune activation 
releases tissue-damaging factors, leading to damage 
in the auditory nerve and cochlear structures, thereby 
contributing to HI [44]. Concurrently, in this inflam-
matory context, there is overactivation of dopamine D3 
receptors and interferon-γ synthesis in lymphocytes. 
The interaction between these pathways and the gluta-
mate system may trigger key mechanisms in the patho-
genesis of schizophrenia [45].

The impact of early exposure to HI/VI on cardiovascu-
lar diseases currently lacks a definitive consensus. Mech-
anistically, proper inner ear microcirculation is crucial 
for maintaining the function of the stria vascularis cells, 
including intermediate cells, basal cells, and marginal 
cells [46]. Stria vascularis dysfunction within the cochlea 

[47] is a key mechanism underlying sensorineural hear-
ing loss [48] and shares pathogenic pathways with cardio-
vascular diseases, such as atherosclerosis, inflammation 
[49], neurohormonal dysfunction [50], vasospasm [51], 
and micro emboli formation [52]. These conditions also 
share common risk factors like hypertension, diabetes, 
and dyslipidemia [53]. The microvascular system of the 
inner ear is particularly fragile, and any degeneration or 
microcirculatory disturbance in the stria vascularis can 
quickly manifest as a decline in hearing [53]. In contrast, 
the compensatory systems of overall cardiac function 
and cerebral blood supply are more robust, and further 
systemic vascular deterioration may be necessary before 
progressing to heart diseases and stroke.

Similarly, vision loss is a well-established complication 
of diabetes, yet there has been little focus on whether 
early VI could serve as a risk factor for new-onset dia-
betes. From the perspective of psychological stress and 
physiological responses, VI can trigger psychological 
stress, which activates the hypothalamic–pituitary–
adrenal axis, leading to excessive cortisol secretion [54, 
55]. This, in turn, contributes to insulin resistance and 
increased fat accumulation, thereby raising the risk of 
DM/Hglu [56, 57]. From the anachronic inflammation 
perspective, both the stress state induced by aging and VI 
contribute to a chronic systemic inflammatory condition 
and accelerated insulin resistance [58], thereby increas-
ing diabetes risk [59]. From a metabolic perspective, 
reduced physical activity in individuals with VI can lead 
to weight gain, further elevating the risk of DM/Hglu. 
Consequently, by the time metabolic abnormalities have 
progressed to DM, vision decline may have already been 
present for a considerable period.

The association between sensory impairments and 
chronic lung disease is rarely addressed in clinical prac-
tice. Chronic, systemic inflammation in the body is a 
shared risk factor linking sensory impairments [60] and 
chronic lung diseases, which may explain their associa-
tion. Inflammation can promote retinal inflammation and 
vascular remodeling through exosomes and macrovesi-
cles [61], directly affect the optic nerve leading to optic 
neuritis [62] and demyelination and reduce optic nerve 

Fig. 4 Forest plots of the risk effects (OR, 95%CI) of genetically predicted VI/HI on chronic diseases. A The causal relationship between genetically 
predicted VI and 24 outcomes by the IVW method. B The causal relationships between HI and the risk of 24 outcomes by the IVW method. The 
yellow repentant suggestive associations were noted between exposure and outcomes(0.00104<P<0.05), while red repentant strong associations 
were noted between exposure and outcomes(P<0.00104). 95% CI is presented in the forest plot, with a supplementary forest plot showing wider 
99.896% CI calculated using Bonferroni-corrected α_adjusted. Abbreviation: SNP, single nucleotide polymorphism; OR:odds ratio, CI:confidence 
interval; IVW: inverse‐variance weighted; VI:visual impairment; HI:hearing impairment; AF: Atrial fibrillation and flutter, VHD: valvular heart disease, 
CHD: Major coronary heart disease event, HF: heart failure, GLU: Blood glucose levels, T2D:type 2 diabetes, F&CL: Fibrosis and cirrhosis of liver, 
CKD: chronic kidney disease, COPD: chronic obstructive pulmonary disease, PHD: Pulmonary heart disease, FVC:Forced vital capacity, FEV1:Forced 
expiratory volume in 1-second, PD:Parkinson’s disease, AD:alzheimer’s disease, MDD:Major depressive disorder, SCZ: schizophrenia

(See figure on next page.)
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Fig. 4 (See legend on previous page.)
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blood supply through vascular inflammation. Addition-
ally, systemic inflammation can lead to subretinal yellow 
deposits, changes in retinal pigment epithelium [63], and 
choroidal neovascularization, contributing to macular 
degeneration. Similarly, immunosenescence and chronic 
inflammation can lead to ischemia and fluid imbalance 
in the inner ear by affecting its microcirculation [64]. 
Furthermore, chronic inflammation and oxidative stress 
can promote the apoptosis of lung epithelial and vascu-
lar endothelial cells through direct induction or excessive 
autophagy [65]. Macrophages and neutrophils release 
matrix metalloproteinases, leading to alveolar structure 
destruction and airway remodeling, while airway smooth 
muscle cell proliferation and connective tissue deposition 
result in airway narrowing and fibrosis [66, 67], contrib-
uting to the development of chronic lung diseases. When 
the sensitivity of the optic nerve, retinal vessels, auditory 

nerves, and hair cells to systemic inflammation is higher 
than that of pulmonary vessels and airway smooth mus-
cle cells, sensory impairments may precede the onset of 
chronic lung diseases.

The comorbidity between kidney disease and hearing 
loss is notably prevalent. The complex interrelationship 
between these conditions may be explained by several 
factors: both the kidneys and auditory organs share a 
common embryonic origin [68] as well as gene signal-
ing networks [69]. Furthermore, at the cellular level, the 
auditory organs and kidneys depend on similar biological 
structures and functional mechanisms [70–72]. Similar to 
cardiovascular diseases, the functionality of the kidneys 
and cochlea is also associated with good vascular func-
tion and adequate microcirculation. Therefore, vascular 
aging, oxidative stress, and chronic inflammation can 
promote the decline in both hearing and kidney function 

Fig. 5 Key findings from the association analysis of sensory impairments and disease risks: a summary of positive results from cohort studies 
and mendelian randomization, along with potential pathophysiological mechanisms. A checkmark indicates positive results in the respective 
studies. In Mendelian randomization analyses, both strong and suggestive associations are encompassed. Abbreviations: HI Hearing Impairment, VI 
Vision Impairment, DSI Dual Sensory Impairment, ENP Emotional, nervous or psychiatric problems
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[73]. Given the genetic, structural, and functional con-
nections between the auditory organs and kidneys, a loss 
in auditory function in response to pathological stimuli 
may serve as an early indicator of impending adverse out-
comes in renal tissue.

The association between multimorbidity and sen-
sory impairments is closely intertwined. Several poten-
tial mechanisms can explain this association: Social and 
Psychological Impact: Sensory impairments directly 
affect psychological well-being and social functioning. 
Increased feelings of depression and loneliness can lead 
to varying degrees of social isolation [74–76], reduced 
physical activity [77], and heightened stress, which may 
be pathways to an increased risk of chronic diseases. Vas-
cular Aging: The decline in vascular function is often first 
reflected in auditory and visual functions. Both the inner 
ear and retina rely on fine microvascular blood supply 
to maintain their physiological functions [78–81]. Early 
hearing and vision loss may be external manifestations of 
stria vascularis dysfunction in the cochlea, which can then 
affect the function of various target organs and develop 
into a range of chronic conditions. Systemic Inflamma-
tion: In the auditory system, inflammation can lead to 
structural damage in the inner ear, including hair cells and 
auditory nerves [82]. Cytokines and oxidative stress fac-
tors activate macrophages and microglia, resulting in hair 
cell death [83]. Similarly, in visual systems, inflammatory 
mediators promote oxidative stress and angiogenesis in 
the retina, leading to vision loss [84]. Additionally, inflam-
mation can activate the hypothalamic–pituitary–adre-
nal axis, contributing to metabolic disorders and insulin 
resistance [85], thereby increasing the risk of metabolic 
and cardiovascular diseases [49], cognitive decline [86], 
and, ultimately, the risk of multimorbidity.

This study has several limitations. First, the assessment 
of vision and hearing levels relied on self-evaluation, 
which may introduce bias, and the reporting of chronic 
diseases was also self-reported, possibly leading to 
underestimation of prevalence and reporting delays. The 
lack of detailed information on chronic disease subtypes 
requires validation in more specific disease cohorts.

Additionally, the observational study population pri-
marily consists of East Asians, whereas the MR study 
data mainly originate from European populations. Due 
to the current lack of GWAS data on exposures or out-
comes from East Asian populations, it is not possible to 
analyze the genetic associations between sensory impair-
ments and disease risks specific to East Asians. Further-
more, since there is also a lack of GWAS data related 
to DSI, genetic association analysis on the risk of dis-
eases related to DSI remains challenging, and this area 
of genetic risk evaluation is still unexplored. Therefore, 
caution is required when integrating conclusions from 

cohort studies and genetic association analyses. Future 
investigations should aim to conduct observational stud-
ies on European populations, genetic analyses on East 
Asians, and track the release of GWAS data on DSI to 
address the limitations of this study.

Conclusions
In summary, this study systematically explored the pro-
spective incidence risk of 10 common chronic diseases 
and multimorbidity with early exposure and continu-
ous changes in HI, VI, and DSI. Combining MR studies, 
it confirmed causal associations at the genetic level. The 
findings underscore the importance of early and continu-
ous monitoring of sensory levels in preventing chronic 
disease onset, highlighting the potential of identifying 
and managing sensory function decline to reduce chronic 
disease risk and serving as a healthcare strategy for high-
risk populations.
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