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Abstract 

Background: Dual sensory impairment is affecting over 10% of older adults worldwide. However, the long-term 
effect of dual sensory impairment (DSI) on the risk of mortality remains controversial. We aim to investigate the 
impact of single or/and dual sensory impairment on the risk of mortality in a large population-based sample of the 
adult in the UK with 14-years of follow-up.

Methods: This population-based prospective cohort study included participants aged 40 and over with complete 
records of visual and hearing functions from the UK Biobank study. Measurements of visual and hearing functions 
were performed at baseline examinations between 2006 and 2010, and data on mortality was obtained by 2021. Dual 
sensory impairment was defined as concurrent visual and hearing impairments. Cox proportional hazards regression 
models were employed to evaluate the impact of sensory impairment (dual sensory impairment, single visual or hear-
ing impairment) on the hazard of mortality.

Results: Of the 113,563 participants included in this study, the mean age (standard deviation) was 56.8 (8.09) years, 
and 61,849 (54.5%) were female. At baseline measurements, there were 733 (0.65%) participants with dual sensory 
impairment, 2,973 (2.62%) participants with single visual impairment, and 13,560 (11.94%) with single hearing impair-
ment. After a follow-up period of 14 years (mean duration of 11 years), 5,992 (5.28%) participants died from all causes. 
Compared with no sensory impairment, dual sensory impairment was significantly associated with an estimated 
44% higher hazard of mortality (hazard ratio: 1.44 [95% confidence interval, 1.11–1.88], p = 0.007) after multiple 
adjustments.

Conclusions: Individuals with dual sensory impairment were found to have an independently 44% higher hazard of 
mortality than those with neither sensory impairment. Timely intervention of sensory impairment and early preven-
tion of its underlying causes should help to reduce the associated risk of mortality.
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Background
Worldwide, at least 2.2 billion people were affected by 
visual impairment (VI) and 1.5 billion people by hear-
ing impairment (HI) in 2019 as reported by the WHO [1, 
2]. As the global population grows, nearly one in every 
four people is predicted to be suffered from hearing loss, 
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involvement of 22 assessment centres in England, Scot-
land and Wales [23]. For collection of baseline informa-
tion, each participant completed a questionnaire, took 
physical measurements, and provided biological samples. 
Northwest Multi-Centre Research Ethics Committee 
(11/NW/0382) gave their ethical approval for the origi-
nal UK Biobank study. Informed consent was obtained 
from each participant. Our access to data from the UK 
Biobank cohort was approved by the UKB Ethics Advi-
sory Committee.

In late 2009, measurements of sensory function were 
started as an enhancement to baseline examinations. 
Visual acuity (VA) test was performed at six assessment 
centres (Croydon, Hounslow, Liverpool, Sheffield, Bir-
mingham and Swansea) involving 117,175 participants, 
while Digit Triplet Test scores for determination of hear-
ing ability were performed for 164,770 participants.

All participants were flagged from the date of their 
recruitment into the study with the National Health Ser-
vice (NHS) Digital or NHS Central Register, and new 
data for death are currently provided every month and 
previously every three or six months to UK Biobank by 
these registries.

Inclusion criteria of the present study include hav-
ing available data for speech-reception-threshold (SRT) 
and VA for both sides, 113,563 participants in total were 
included for further analysis.

Definition of sensory impairments
For each participant, distant VA of both the left (UKB 
Field 5208–0.0) and right (UKB Field 5201–0.0) eyes 
were measured as the logarithm of the minimum angle of 
resolution (LogMAR), and VI was defined by the perfor-
mance of a “better-seeing eye”. Participants were required 
to occlude the left eye and read letters from left to right 
and big to small on the LogMAR chart at a distance of 
4  m. The individually test would be terminated when 
the participant identified 2 letters incorrectly. Then, the 
number of correctly identified letters was recorded as 
LogMAR VA. VI was defined as VA worse than LogMAR 
0.3 [24, 25].

HI was defined by the performance of a “better ear” 
namely the more negative SRT score out of the left (UKB 
Field 20,019–0.0) and right (UKB Field 20,021–0.0) ear. 
The SRT was estimated through the Digit Triplet Test, 
which, in brief, is an automated hearing test on how well 
the participant can hear the signal (three spoken num-
bers, i.e., a digit triplet) played with a rushing noise in 
the background [26]. The signal-to-noise ratio (SNR) 
was defined as when half of the presented speech can be 
understood correctly. The noise level was altered to meas-
ure the signal to noise ratio (SNR) which was defined as 
the 50% correct recognition of the triplets, and SRT was 

and 237 million people are estimated to have moderate 
to severe VI, by 2050 [2, 3]. Subject to the worldwide 
epidemiological transition of aging, dual sensory impair-
ment (DSI), defined as concurrent VI and HI, has been 
estimated to affect over 10% of older adults aged 80 years 
and over [4]. DSI results in a high hospitalization rate and 
significant healthcare cost [5], presenting a fundamental 
challenge to public health.

VI and HI impacts various aspects of an individual’s 
life, while the adverse outcomes of DSI are even more 
wide-reaching with stronger associations. It was previ-
ously reported that people with DSI are exposed to an 
increased risk of co-morbidities (cognitive impairment, 
dementia, depression, etc.) when compared with those 
with single VI or HI [6–8]. Moreover, DSI is related to 
a higher risk of severe life-threatening consequences, 
including falls and accidental injury, and individuals 
with DSI also face difficulty accessing healthcare services 
[9–11]. The combined effects of reduced quality of life, 
increased comorbidities, barriers to accessing healthcare, 
and higher incidence of accidents may all contribute to 
an increased risk of mortality among adults with DSI.

Prior investigations have reported a significant associa-
tion between single sensory impairment, VI or HI, with 
mortality [12–14]. However, only a few studies, which 
have been summarized in Additional file 1: Supplemental 
Table  1  , evaluated the increased risk of the association 
with DSI and mortality, with inconsistent results [15–
22]. For example, Lee, J David et  al. reported that self-
reported dual sensory impairment, both mild/moderate 
and severe, was found significantly associated with mor-
tality in 116,796 men and women over 18 years old [20]. 
However, Yamada, Yukari et  al. found that objectively 
determined minimum to severe impairment in both 
senses were not significantly associated with mortality in 
2,851 participants with a mean age of 83.6 years [21]. Dif-
ference across the small number of prior studies may be 
due to: unstandardized subjective measurements for sen-
sory impairments, small sample sizes and highly selected 
populations without enough representation. Therefore, 
to address the abovementioned gap, in the present study, 
we analyzed data from a large population-based longitu-
dinal setting, the UK Biobank and investigated the asso-
ciation of VI, HI, and DSI with 14-year mortality. We 
hypothesize that VI and HI are positively associated with 
14-year mortality, and DSI even have a higher risk than 
single sensory impairment.

Methods and materials
Study design and population
From March 13, 2006 to December 1, 2010, the 
UK Biobank recruited 502,462 participants aged 
40 to 69  years across the United Kingdom, with the 
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calculated as the mean SNR of the last eight triplets. The 
standard for a ‘Normal’ score was -5.5  dB [27]. Accord-
ingly, HI was defined as an SRT of over -5.5  dB in the 
participant’s better ear. Afterward, DSI was defined when 
one presented concurrent VI and HI. As the definitions 
of sensory impairments were well-established and widely 
used [28–30], misclassification of exposure was trivial.

Ascertainment of death
Date of death (UKB Field 40,000–0.0) was obtained from 
NHS Digital for participants in England and Wales and 
the NHS Central Register, Scotland, for participants in 
Scotland. Participant follow-up started at inclusion in the 
UK Biobank study and ended either at the date of death, 
lost to follow-up or April 28, 2021.

Covariates
Previously established risk factors were taken into consid-
eration as covariates, including age (grouped into 40 ~ 50, 
50 ~ 60, 60 ~), sex, ethnicity (White or others), education 
(a college/university degree or below), Townsend Index 
(continuous, positive values demonstrating more mate-
rially deprived), obesity (derived from whether a body 
mass index [BMI] ≥ 30  kg/m2), smoking status (never 
smoke, ex- or current smokers), physical activity (above 
moderate/vigorous/walking recommendation, or below), 
medical history (includes hyperlipidemia, hypertension, 
diabetes mellitus, cardiovascular diseases, cancer), and 
self-rated overall health status (excellent/good, fair/poor).

Medical history was majorly confined to self-reported 
or doctor-diagnosed diseases themselves. Hyperlipi-
demia was defined by having self-reported current statins 
or other hyperlipidemia-related medication, or choles-
terol over 6.21  mmol/L. Hypertension was defined by 
having self-reported hypertension, current blood pres-
sure treatment, systolic blood pressure over 130 mmHg, 
or diastolic blood pressure over 80 mmHg. Diabetes mel-
litus was defined by having prior doctor-diagnosed dia-
betes, current insulin therapy or other diabetes-related 
medication, or HbA1c >  = 48  mmol/mol (6.5%). Partici-
pants were asked “In general how would you rate your 
overall health?” for estimation of an overall health status 
(UKB Field 2178–0.0), and answers were recategorized 
into excellent/good and fair/poor.

Statistical analysis
Participant characteristics were summarised using means 
and standard deviation for continuous variables and 
numbers and percentages for categorical variables. Com-
parisons of continuous variables between two groups 
(e.g., participants with and without VA&SRT data) and 
among more groups (e.g., NSI, VI-only, HI-only, and 
DSI) were done through unpaired t-test and ANOVA, 

respectively. Comparisons of categorical variables 
between groups were performed through Chi-Square 
Goodness-of-Fit Test. Associations between sensory 
impairments and mortality were analysed using two Cox 
proportional hazards model, and follow-up time was 
used as the underlying time scale. Model 1 adjusted for 
age and sex, while model 2 further adjusted for ethnic-
ity, education, Townsend index, obesity, smoking status, 
physical activity, history of hyperlipidaemia, hyperten-
sion, diabetes and cancer, and overall health status. Rela-
tive risks were reported as hazard ratio (HR) with a 95% 
confidence interval (CI). All variables were assessed by 
Schoenfeld residuals to confirm validity (Additional 
file 2: Supplemental Table 2) and continuous variable was 
assessed by Martingale residual plots to check nonlin-
earity (Additional file 3: Supplemental Figure 1). As age 
group did not meet the proportional hazards assump-
tion and non-linearity, subgroup analysis was done by 
age (40–50, 50–60, > 60). Subgroup analysis on gender 
was also performed. Three sensitivity analyses were con-
ducted, excluding participants with a history of cancer, 
death within 1 year of inclusion, or death within 2 years 
of baseline assessment. Two-sided P value less than 0.05 
accounted for statistical significance. Stata version 13 
(StataCorp LLC, College Station, Texas USA) was used 
for all data analyses.

Role of the funding source
The funders of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. Corresponding authors had full access to all 
the data in the study and had final responsibility for the 
decision to submit for publication.

Results
Study population
After excluding 388,912 participants without measure-
ments for VA or SRT, 113,563 participants with both 
VA and SRT records were included for analysis. Baseline 
characteristics of participants with or without VA/SRT 
record were compared in Additional file  2: Supplemen-
tal Table 3, and participants with VA/SRT records were 
older, less likely to be white, less materially deprived, 
have higher education level, less likely to be prior/current 
smokers, do more physical activities, more likely to have 
history of hyperlipidemia, hypertension, diabetes, cancer 
and have worse overall health status. Amongst the partic-
ipants included, the mean age ± standard deviation (SD) 
was 56.8 ± 8.09 years, and 61,849 (54.5%) were female.

Sensory impairment
Overall, 733 participants were identified with DSI, while 
2,973 participants were found with single VI, 13,560 with 
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single HI, and 96,297 reported neither sensory impair-
ment (NSI) (Table  1). Compared with those of NSI, 
participants with any sensory impairment were more 
likely to be older, less likely to be White, have a higher 
Townsend index, have less than a college/university edu-
cation, more likely to be obesity, more likely to do fewer 
physical activities, more likely to have any systematic dis-
ease history (includes hyperlipidemia, hypertension, dia-
betes, cancer, respectively), and have a fair/poor overall 
health status (Table  1). Additionally, participants with 

DSI were more likely to have the abovementioned char-
acteristics than those with VI-/HI-only.

Mortality
Over a follow-up of 14 years (mean of 11 years), a total 
of 5,992 participants died from any causes. As shown 
in Additional file  2: Supplemental Table  4, deceased 
participants were significantly older (HR: 1.10 [95%CI, 
1.09–1.11]), more likely to be male (HR: 1.66 [95%CI, 
1.58–1.75]), with a lower Townsend index (HR: 1.07 

Table 1 Baseline characteristics stratified by sensory impairment status

Abbreviations: NSI Neither sensory impairment, VI Visual impairment, HI Hearing impairment, DSI Dual-sensory impairment, SD Standard deviation

Baseline characteristics Total NSI VI-only HI-only DSI P value

N 113,563 96,297 2,973 13,560 733

Age, mean(SD), years 56.8(8.09) 56.3(8.08) 58.3(7.60) 59.9(7.51) 60.9(6.88)  < 0.001
Gender, N(%) 0.026
Female 61,849(54.5) 52,574(54.6) 1,649(55.5) 7,228(53.3) 398(54.3)

Male 51,714(45.5) 43,723(45.4) 1,324(44.5) 6,332(46.7) 335(45.7)

Ethnicity, N(%)  < 0.001
White 102,139(89.9) 88,283(91.7) 2,619(88.1) 10,690(78.8) 547(74.6)

Others 11,424(10.1) 8,014(8.32) 354(11.9) 2,870(21.2) 186(25.4)

Townsend Index, mean(SD) -0.99(2.98) -1.11(2.92) -0.47(3.21) -0.30(3.22) 0.48(3.43)  < 0.001
Education, N(%)  < 0.001
College/University degree 39,866(35.1) 35,123(36.5) 869(29.2) 3,728(27.5) 146(19.9)

Without College/University degree 73,697(64.9) 61,174(63.5) 2,104(70.8) 9,832(72.5) 587(80.1)

Obesity, N(%)  < 0.001
No 85,287(75.5) 72,902(76.1) 2,205(74.9) 9,682(72.0) 498(69.5)

Yes 27,683(24.5) 22,961(24.0) 739(25.1) 3,764(28.0) 219(30.5)

Smoking status, N(%) 0.146

Never 62,671(55.4) 53,271(55.5) 1,647(55.6) 7,373(54.7) 380(52.4)

Prior/current 50,488(44.6) 42,733(44.5) 1,313(44.4) 6,097(45.3) 345(47.6)

Above moderate/vigorous/walking 
recommendation, N(%)

0.032

No 16,386(17.6) 13,990(17.6) 404(16.9) 1,869(17.8) 123(22.0)

Yes 76,516(82.4) 65,472(82.4) 1,994(83.2) 8,615(82.2) 435(78.0)

History of hyperlipidemia, N(%)  < 0.001
No 61,024(53.7) 52,514(54.5) 1,587(53.4) 6,600(48.7) 323(44.1)

Yes 52,539(46.3) 43,783(45.5) 1,386(46.6) 6,960(51.3) 410(55.9)

History of hypertension, N(%)  < 0.001
No 29,195(25.7) 25,726(26.7) 656(22.1) 2,696(19.9) 117(16.0)

Yes 84,368(74.3) 70,571(73.3) 2,317(77.9) 10,864(80.1) 616(84.0)

History of diabetes mellitus, N(%)  < 0.001
No 106,223(93.5) 90,730(94.2) 2,751(92.5) 12,108(89.3) 634(86.5)

Yes 7,340(6.46) 5,567(5.78) 222(7.47) 1,452(10.7) 99(13.5)

History of cancer, N(%)  < 0.001
No 104,123(92.0) 88,524(92.2) 2,708(91.4) 12,232(90.6) 659(90.7)

Yes 9,110(8.05) 7,513(7.82) 256(8.64) 1,273(9.43) 68(9.3)

Overall health status, N(%)  < 0.001
Excellent/good 81,853(72.4) 70,720(73.7) 2,020(68.4) 8,684(64.6) 429(59.1)

Fair/poor 31,274(27.6) 25,272(26.3) 935(31.6) 4,770(35.4) 297(40.9)
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[95%CI, 1.07–1.08]), were less likely to have a college/
university education (HR: 1.33 [95%CI, 1.25–1.41]), were 
more likely to be obese (HR: 1.40 [95%CI, 1.33–1.48]), 
smoke (HR: 1.61 [95%CI, 1.53–1.70]), undertake less 
physical activity (HR: 0.67 [95%CI, 0.62–0.71], refer to 
above moderate/vigorous/walking recommendation) 
[31], have hyperlipidaemia (HR: 1.10 [95%CI, 1.05–1.10]), 
hypertension (HR: 1.21 [95%CI, 1.13–1.30]), diabetes 
(HR: 2.05 [95%CI, 1.91–2.21]), cancer (HR: 2.34 [95%CI, 
2.20–2.50]), and worse overall health status (HR: 2.25 
[95%CI, 2.13–2.36]).

Association between sensory impairment and mortality
The Cox proportional hazards regression model sug-
gested significant associations between mortality and 
DSI, VI-only or HI-only, after adjusting for age and sex 
(Table 2). Number of individuals who died after follow-
up for specific reasons and person-years in each group 
were demonstrated in Additional file  2: Supplemental 
Table  5. Further, the multivariable regression model, 
adjusted for confounding factors (ethnicity, education, 

Townsend index, obesity, smoking status, physical activ-
ity, history of hyperlipidaemia, hypertension, diabetes 
and cancer, and overall health status), indicated that par-
ticipants with DSI were at an estimated 44% higher risk of 
mortality compared to NSI (HR: 1.44 [95%CI, 1.11–1.88], 
p = 0.007). Single VI or HI was also significantly associ-
ated with a higher mortality risk compared to NSI (VI-
only: HR, 1.26 [95%CI, 1.07–1.48], p = 0.005; HI-only: 
HR, 1.23 [95%CI, 1.14–1.33], p < 0.001) (Table 2).

In the first sensitivity analysis which excluded partici-
pants with a history of cancer at the baseline assessment, 
associations between DSI, single HI and mortality (com-
pared to no impairment) were in the same direction with 
stronger magnitudes in the fully adjusted multivariable 
model compared to the original population (DSI: HR 1.54 
[95%CI, 1.15–2.06], p = 0.004; HI-only: HR 1.25 [95%CI, 
1.15–1.36], p < 0.001) (Table 2). For VI-only in this model, 
although the direction was the same, that no signifi-
cant association was found. DSI, or any single sensory 
impairment were associated with higher risks of mortal-
ity after excluding participants who died within one year 

Table 2 Association between sensory impairment status and all-cause mortality

Abbreviations: NSI Neither sensory impairment, VI Visual impairment, HI Hearing impairment, DSI Dual-sensory impairment, HR Hazard ratio, CI Confidence interval
a  Adjusted for age, gender, ethnicity, education, Townsend index, obesity, smoking status, physical activity, history of hyperlipidemia, hypertension, diabetes and 
cancer, and overall health status
b  Participants with history of cancer at the baseline assessment were excluded
c  Deaths recorded within one year after the baseline assessment were excluded
d  Deaths recorded within two years after the baseline assessment were excluded

Sensory 
Impairment status

Age- and gender-adjusted model Multivariable  modela Number of deceased 
participants

Person-year 
of deceased 
participantsHR (95% CI) P value HR (95% CI) P value

Main analysis

  NSI 1[Reference] 1[Reference] 4,579 3.86 ×  108

  VI-only 1.33 (1.16–1.52)  < 0.001 1.26 (1.07–1.48) 0.005 213 1.18 ×  107

  HI-only 1.33 (1.24–1.42)  < 0.001 1.23 (1.14–1.33)  < 0.001 1,124 5.34 ×  107

  DSI 1.59 (1.27–2.00)  < 0.001 1.44 (1.11–1.88) 0.007 76 2.84 ×  106

Sensitivity  analysisb

  NSI 1[Reference] 1[Reference] 3,707 3.56 ×  108

  VI-only 1.34 (1.15–1.56)  < 0.001 1.20 (1.00–1.44) 0.051 169 1.08 ×  107

  HI-only 1.42 (1.32–1.52)  < 0.001 1.25 (1.15–1.36)  < 0.001 900 4.87 ×  107

  DSI 1.79 (1.39–2.29)  < 0.001 1.54 (1.15–2.06) 0.004 63 2.59 ×  106

Sensitivity  analysisc

  NSI 1[Reference] 1[Reference] 4,434 3.85 ×  108

  VI-only 1.37 (1.19–1.57)  < 0.001 1.26 (1.07–1.48) 0.006 206 1.18 ×  107

  HI-only 1.42 (1.33–1.52)  < 0.001 1.24 (1.15–1.34)  < 0.001 1,094 5.34 ×  107

  DSI 1.68 (1.33–2.12)  < 0.001 1.43 (1.09–1.88) 0.009 71 2.84 ×  106

Sensitivity  analysisd

  NSI 1[Reference] 1[Reference] 4,190 3.84 ×  108

  VI-only 1.38 (1.20–1.60)  < 0.001 1.26 (1.07–1.49) 0.006 197 1.18 ×  107

  HI-only 1.42 (1.33–1.52)  < 0.001 1.25 (1.15–1.35)  < 0.001 1,034 5.34 ×  107

  DSI 1.62 (1.27–2.07)  < 0.001 1.38 (1.04–1.83) 0.026 65 2.84 ×  106



Page 6 of 8Zhang et al. BMC Geriatrics           (2022) 22:631 

of baseline examination after multiple adjustments (DSI: 
HR 1.43 [95%CI, 1.09–1.88], p = 0.009) (Table  2). And 
the same results were found after excluding those who 
died within 2 years of the baseline examination (HR 1.38 
[95%CI, 1.04–1.83], p < 0.001) (Table 2).

In the subgroup analysis of age after multiple adjust-
ments, the same trend was found in participants aged 
over 60. Participants with DSI had 42% higher risk of 
mortality compared with NSI, while VI and HI were at 
25% and 26% higher risk, respectively (DSI: HR 1.42 
[95%CI, 1.06–1.90], p = 0.020; VI-only: HR 1.25 [95%CI, 
1.04–1.51], p < 0.001; HI-only: HR 1.26 [95%CI, 1.16–
1.38], p < 0.001). In the subgroup analysis of gender 
after multiple adjustment, participants with DSI were 
only found at higher risk in female subgroup (HR 1.65 
[95%CI, 1.11–2.45], p = 0.014), those with VI were only 
found at higher risk in male subgroup (HR 1.25 [95%CI, 
1.02–1.54], p = 0.035), and both female and male with HI 
were at higher risk of mortality (female: HR 1.19 [95%CI, 
1.04–1.36], p = 0.009; male: HR 1.25 [95%CI, 1.14–1.38], 
p < 0.001). In the subgroup analysis of follow-up period, 
VI only (HR 1.28 [95%CI, 1.02–1.60], p = 0.032) and HI 
only (HR 1.33 [95%CI, 1.19–1.48], p < 0.001) were found 
significantly associated with mortality in those who have 
longer follow-up (over P50, which was 7.05  years), and 
none was found significantly associated with mortality 
in subgroup of shorter follow-up time. (Additional file 2: 
Supplemental Table 6).

Discussion
In the present study, we investigated the association of 
DSI, VI and HI with the long-term risk of mortality using 
a large population-based sample from the UK Biobank 
study, over a maximum duration of follow-up of 14 years. 
After adjustment for confounding factors (includes 
demographic, socioeconomic characteristics, lifestyle 
factors and clinical factors), we identified that DSI would 
significantly increase the risk of mortality by 44% when 
compared with NSI. Participants with single VI and sin-
gle HI had 1.3- and 1.2-fold increased risk of mortality, 
respectively.

This study explored the positive association between 
DSI and mortality in a large national sample of European 
adults across a wide range of ages. Notably, in the sub-
group analysis, we found the trend remain significant 
in female and participants aged 60 and older. Our find-
ings are supported by prior studies [15–20]. Most of the 
prior studies with insignificant associations included 
mainly participants over 50  years old, while only two 
prior studies were conducted with adults aged 18 and 
over recruited from the National Health Interview Sur-
vey (NHIS) and reported an increased risk of mortality 
in people with DSI [15, 20]. Lam and colleagues reported 

a significantly increased risk of mortality associated with 
DSI amongst Caucasians and other races, yet this asso-
ciation was not observed in African Americans [15]. Our 
study also included participants of different races and 
included adjustments for ethnicity as a potential con-
founder. However, we lacked the power to investigate 
the association of DSI and mortality within a single race, 
such as African Americans, due to small sample sizes in 
these subgroups. Lee et al. indicated a higher risk of mor-
tality with higher severity of DSI over 8 years of follow-
up, while the association were weaker for participants 
with only moderate/mild single VI or HI [20]. This is con-
sistent with our findings that individuals with DSI had a 
higher risk of mortality compared with those with a sin-
gle sensory impairment.

There are several possible underlying mechanisms for 
the observed association between DSI and mortality. For 
instance, impairment of sensory functions directly inter-
feres with activities of daily living, leading to reduced 
mobility, increased rate of depression and social depriva-
tion, barriers to healthcare services, and finally increased 
vulnerability to life-threatening accidents [32–36]. Indi-
viduals with DSI are even more restricted than those with 
a single sensory impairment, as they are not able to use 
the unimpaired sensory function as a compensation [37]. 
Alternatively, VI and HI may be viewed as indicators of 
ageing [38, 39]. Since a variety of causes for VI and HI 
(e.g., cataract, presbycusis) are strongly age-related, sen-
sory dysfunction may signify an accelerated process of 
biological ageing [13, 14, 40]. In such circumstances, DSI 
may indicate a more advanced status of aging, and a more 
severe degenerative process. Finally, it is also suggestive 
that some mutual underlying mechanisms are responsi-
ble for both systematic diseases and diseases leading to 
sensory impairments, attributed as "common causes", 
such as oxidative stress, microvascular changes, and 
chronic inflammation, etc. [41–43].

The strength of this study includes a large sample of 
representative adult participants from the UK Biobank 
study, which increase the generalisability of our findings. 
In addition, the long follow-up period up to a maximum 
of 14  years allowed us to comprehensively explore the 
long-term effect of sensory impairments on mortality. 
This study provides insight on the public policy to attach 
importance to prevent avoidable sensory impairments 
through addressing common reasons for sensory impair-
ments. It also expands on the work of prior studies by 
using standardised objective measurements for sensory 
functions and universal criteria for VI and HI. Neverthe-
less, our results are limited by the following elements: 1, 
there are quantitative confounding factors affecting mor-
tality, while this study has included as many measurable 
covariates as possible for a comprehensive adjustment 
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it is possible that there are residual confounding factors 
that we were unable to account for. 2, the relatively small 
number of DSI individuals who died during follow up 
(n = 76) which limited further sub-group analysis. 3, we 
were unable to analyse the association between mortal-
ity and different ocular and acoustic diseases as causes 
for sensory impairment due to limited sample size of 
deceased participants with DSI. 4, though the definition 
of visual and hearing impairments in the present study 
were widely adopted, there may still be some cases of 
misclassification within acceptable deviation. 5, our study 
is about the association between baseline sensory impair-
ment status with mortality, so future study with regular 
follow-up of visual acuity and hearing status are called 
for to see how longitudinal sensory changes contributes 
to mortality.

Conclusions
This study included a large nationally representative 
sample from the UK Biobank and provides evidence 
that individuals with DSI were at a 44% higher risk of 
mortality than NSI, independent of age, sex, and other 
confounders. Further research and public policies are 
warranted to prevent avoidable sensory impairment and 
rescue function of sensory systems for population with a 
high risk of mortality.

Abbreviations
VI: Visual impairment; HI: Hearing impairment; DSI: Dual sensory impairment; 
VA: Visual acuity; NHS: National Health Service; SRT: Speech-reception-thresh-
old; LogMAR: Logarithm of the minimum angle of resolution; SNR: Signal to 
noise ratio; BMI: Body mass index; HR: Hazard ratio; CI: Confidence interval; SD: 
Standard deviation; NHIS: National Health Interview Survey.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 022- 03322-x.

Additional file 1: Supplemental Table 1.

Additional file 2: Supplemental Tables 2-6.

Additional file 3: Supplemental Figure 1.

Acknowledgements
Not applicable.

Authors’ contributions
ZTZ came up with the study concept and designed study. All authors 
contributed to acquisition, analyses, or interpretation of the study. YYW and 
XYZ drafted the manuscript. ZTZ, MGH, XHY revised manuscript for important 
intellectual content. WYH did the statistical analyses. MGH and XHY obtained 
fundings. ZTZ, MGH and XHY provided administrative, technical, or material 
support. ZTZ, MGH and XHY supervised the whole study supervision. The 
author(s) read and approved the final manuscript.

Funding
The present work was supported by Fundamental Research Funds of the State 
Key Laboratory of Ophthalmology, National Natural Science Foundation of 
China (82000901, 82101173, 81870663, 82171075), Outstanding Young Talent

 

Trainee Program of Guangdong Provincial People’s Hospital (KJ012019087), 
Guangdong Provincial People’s Hospital Scientific Research Funds for Leading 
Medical Talents and Distinguished Young Scholars in Guangdong Province 
(KJ012019457), Talent Introduction Fund of Guangdong Provincial People’s 
Hospital (Y012018145), Science and Technology Program of Guangzhou, 
China (202002020049), Project of Special Research on Cardiovascular Diseases 
(2020XXG007), and Research Foundation of Medical Science and Technol-
ogy of Guangdong Province (B2021237). Prof. Mingguang He receives support 
from the University of Melbourne at Research Accelerator Program and the 
CERA Foundation. Mingguang He was supported by the High-level Talent 
Flexible Introduction Fund of Guangdong Provincial People’s Hospital (No. 
KJ012019530). The Centre for Eye Research Australia receives Operational 
Infrastructure Support from the Victorian State Government. The sponsor or 
funding organization had no role in the design or conduct of this research.

Availability of data and materials
The dataset analysed during the present study is available in the UK Biobank 
(https:// www. ukbio bank. ac. uk/). These data are not publicly available because 
they were analysed under licence, but they are available from the correspond-
ing author on reasonable request and with permission of UK Biobank.

Declarations

Ethics approval and consent to participate
Northwest Multi-Centre Research Ethics Committee (11/NW/0382) gave their 
ethical approval for the original UK Biobank study. Informed consent was 
obtained from each participant. Our study was conducted in accordance to 
the Declarations of Helsinki. Our access to data from the UK Biobank cohort 
was approved by the UKB Ethics Advisory Committee (application ID: 62443).

Consent for publication
Not applicable.

Competing interests
The authors reported no conflict of interests.

Author details
1 Department of Ophthalmology, Guangdong Academy of Medical Sciences, 
Guangdong Provincial People’s Hospital, Guangzhou, China. 2 Department 
of Ophthalmology, Shanghai General Hospital, Shanghai, China. 3 State Key 
Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-Sen 
University, Guangzhou, China. 4 Centre for Eye Research, University of Mel-
bourne, East Melbourne, Victoria, Australia. 5 Neural Regeneration Group, 
Institute of Reconstructive Neurobiology, University of Bonn, Bonn, Germany. 
6 John Radcliffe Hospital, Oxford University Hospitals NHS Foundation Trust, 
Oxford, UK. 

Received: 24 January 2022   Accepted: 18 July 2022
Published: 1 August 2022

References
 1. WHO. World report on vision. Geneva: World Health Organization; 2019.
 2. WHO. World report on hearing. Geneva: World Health Organization; 2019.
 3. Bourne RRA, Flaxman SR, Braithwaite T, Cicinelli MV, Das A, Jonas JB, et al. 

Magnitude, temporal trends, and projections of the global prevalence of 
blindness and distance and near vision impairment: a systematic review 
and meta-analysis. Lancet Glob Health. 2017;5(9):e888–97.

 4. Swenor BK, Ramulu PY, Willis JR, Friedman D, Lin FR. The prevalence of 
concurrent hearing and vision impairment in the United States. JAMA 
Intern Med. 2013;173(4):312–3.

 5. Deardorff WJ, Liu PL, Sloane R, Van Houtven C, Pieper CF, Hastings SN, 
et al. Association of sensory and cognitive impairment with healthcare 
utilization and cost in older adults. J Am Geriatr Soc. 2019;67(8):1617–24.

 6. Kuo PL, Huang AR, Ehrlich JR, Kasper J, Lin FR, McKee MM, et al. Preva-
lence of concurrent functional vision and hearing impairment and 
association with dementia in community-dwelling Medicare beneficiaries. 
JAMA Netw Open. 2021;4(3): e211558.

https://doi.org/10.1186/s12877-022-03322-x
https://doi.org/10.1186/s12877-022-03322-x
https://www.ukbiobank.ac.uk/


Page 8 of 8Zhang et al. BMC Geriatrics           (2022) 22:631 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Rong H, Lai X, Jing R, Wang X, Fang H, Mahmoudi E. Association of 
sensory impairments with cognitive decline and depression among older 
adults in China. JAMA Netw Open. 2020;3(9): e2014186.

 8. Fuller SD, Mudie LI, Siordia C, Swenor BK, Friedman DS. Nationwide preva-
lence of self-reported serious sensory impairments and their associations 
with self-reported cognitive and functional difficulties. Ophthalmology. 
2018;125(4):476–85.

 9. Assi L, Shakarchi AF, Sheehan OC, Deal JA, Swenor BK, Reed NS. Assess-
ment of Sensory Impairment and Health Care Satisfaction Among 
Medicare Beneficiaries. JAMA Netw Open. 2020;3(11): e2025522.

 10. Green KA, McGwin G Jr, Owsley C. Associations between visual, hearing, 
and dual sensory impairments and history of motor vehicle collision 
involvement of older drivers. J Am Geriatr Soc. 2013;61(2):252–7.

 11. Gopinath B, McMahon CM, Burlutsky G, Mitchell P. Hearing and vision 
impairment and the 5-year incidence of falls in older adults. Age Ageing. 
2016;45(3):409–14.

 12. Genther DJ, Betz J, Pratt S, Kritchevsky SB, Martin KR, Harris TB, et al. Asso-
ciation of hearing impairment and mortality in older adults. J Gerontol A 
Biol Sci Med Sci. 2015;70(1):85–90.

 13. Karpa MJ, Gopinath B, Beath K, Rochtchina E, Cumming RG, Wang JJ, 
et al. Associations between hearing impairment and mortality risk 
in older persons: the Blue Mountains Hearing Study. Ann Epidemiol. 
2010;20(6):452–9.

 14. Ehrlich JR, Ramke J, Macleod D, Burn H, Lee CN, Zhang JH, et al. Associa-
tion between vision impairment and mortality: a systematic review and 
meta-analysis. Lancet Glob Health. 2021;9(4):e418–30.

 15. Lam BL, Lee DJ, Gómez-Marín O, Zheng DD, Caban AJ. Concurrent visual 
and hearing impairment and risk of mortality: the National Health Inter-
view Survey. Arch Ophthalmol. 2006;124(1):95–101.

 16. Gopinath B, Schneider J, McMahon CM, Burlutsky G, Leeder SR, Mitchell P. 
Dual sensory impairment in older adults increases the risk of mortality: a 
population-based study. PLoS ONE. 2013;8(3): e55054.

 17. Fisher D, Li CM, Chiu MS, Themann CL, Petersen H, Jónasson F, et al. 
Impairments in hearing and vision impact on mortality in older people: 
the AGES-Reykjavik Study. Age Ageing. 2014;43(1):69–76.

 18. Sun J, Li L, Sun J. Sensory impairment and all-cause mortality among the 
elderly adults in China: a population-based cohort study. Aging (Albany 
NY). 2020;12(23):24288–300.

 19. Zhang Y, Ge M, Zhao W, Liu Y, Xia X, Hou L, et al. Sensory Impairment and 
All-Cause Mortality Among the Oldest-Old: Findings from the Chinese 
Longitudinal Healthy Longevity Survey (CLHLS). J Nutr Health Aging. 
2020;24(2):132–7.

 20. Lee DJ, Gómez-Marín O, Lam BL, Zheng DD, Arheart KL, Christ SL, et al. 
Severity of concurrent visual and hearing impairment and mortal-
ity: the 1986–1994 National Health Interview Survey. J Aging Health. 
2007;19(3):382–96.

 21. Yamada Y, Denkinger MD, Onder G, van der Roest HG, Finne-Soveri H, 
Bernabei R, et al. Joint Associations of Dual Sensory Impairment and 
No-Activity Involvement With 1-Year Mortality in Nursing Homes: Results 
From the SHELTER Study. J Gerontol A Biol Sci Med Sci. 2016;71(5):643–8.

 22. Mitoku K, Masaki N, Ogata Y, Okamoto K. Vision and hearing impairments, 
cognitive impairment and mortality among long-term care recipients: a 
population-based cohort study. BMC Geriatr. 2016;16:112.

 23. Collins R. What makes UK Biobank special? Lancet. 
2012;379(9822):1173–4.

 24. Elliott DB. The good (logMAR), the bad (Snellen) and the ugly (BCVA, 
number of letters read) of visual acuity measurement. Ophthalmic Physiol 
Opt. 2016;36(4):355–8.

 25. Mangione CM, Barry MJ, Nicholson WK, Cabana M, Chelmow D, Coker 
TR, et al. Screening for Impaired Visual Acuity in Older Adults: US 
Preventive Services Task Force Recommendation Statement. JAMA. 
2022;327(21):2123–8.

 26. Smits C, Kapteyn TS, Houtgast T. Development and validation of an 
automatic speech-in-noise screening test by telephone. Int J Audiol. 
2004;43(1):15–28.

 27. Dawes P, Fortnum H, Moore DR, Emsley R, Norman P, Cruickshanks K, et al. 
Hearing in middle age: a population snapshot of 40- to 69-year olds in 
the United Kingdom. Ear Hear. 2014;35(3):e44-51.

 28. Brenowitz WD, Filshtein TJ, Yaffe K, Walter S, Ackley SF, Hoffmann TJ, et al. 
Association of genetic risk for Alzheimer disease and hearing impairment. 
Neurology. 2020;95(16):e2225–34.

 29. Mulet ME, Alio JL, Knorz MC. Hydrogel intracorneal inlays for the correc-
tion of hyperopia: outcomes and complications after 5 years of follow-up. 
Ophthalmology. 2009;116(8):1455–60, 60.e1.

 30. Foong AW, Fong CW, Wong TY, Saw SM, Heng D, Foster PJ. Visual acuity 
and mortality in a chinese population The Tanjong Pagar Study. Ophthal-
mology. 2008;115(5):802–7.

 31. Resource UB. Guidelines for Data Processing and Analysis of the Interna-
tional Physical Activity Questionnaire (IPAQ) 2005 [Available from: https:// 
bioba nk. ndph. ox. ac. uk/ showc ase/ showc ase/ docs/ ipaq_ analy sis. pdf.

 32. Chen DS, Genther DJ, Betz J, Lin FR. Association between hearing impair-
ment and self-reported difficulty in physical functioning. J Am Geriatr 
Soc. 2014;62(5):850–6.

 33. Shukla A, Cudjoe TKM, Lin FR, Reed NS. functional hearing loss and social 
engagement among Medicare beneficiaries. J Gerontol B Psychol Sci Soc 
Sci. 2021;76(1):195–200.

 34. Gopinath B, Schneider J, Hickson L, McMahon CM, Burlutsky G, Leeder 
SR, et al. Hearing handicap, rather than measured hearing impairment, 
predicts poorer quality of life over 10 years in older adults. Maturitas. 
2012;72(2):146–51.

 35. Frank CR, Xiang X, Stagg BC, Ehrlich JR. Longitudinal associations of 
self-reported vision impairment with symptoms of anxiety and depres-
sion among older adults in the United States. JAMA Ophthalmol. 
2019;137(7):793–800.

 36. Crews JE, Campbell VA. Vision impairment and hearing loss among 
community-dwelling older Americans: implications for health and func-
tioning. Am J Public Health. 2004;94(5):823–9.

 37. Shakarchi AF, Assi L, Ehrlich JR, Deal JA, Reed NS, Swenor BK. Dual Sensory 
impairment and perceived everyday discrimination in the United States. 
JAMA Ophthalmol. 2020;138(12):1227–33.

 38. Pathai S, Shiels PG, Lawn SD, Cook C, Gilbert C. The eye as a model of age-
ing in translational research–molecular, epigenetic and clinical aspects. 
Ageing Res Rev. 2013;12(2):490–508.

 39. Yamasoba T, Lin FR, Someya S, Kashio A, Sakamoto T, Kondo K. Current 
concepts in age-related hearing loss: epidemiology and mechanistic 
pathways. Hear Res. 2013;303:30–8.

 40. Knudtson MD, Klein BE, Klein R. Age-related eye disease, visual impair-
ment, and survival: the beaver dam eye study. Arch Ophthalmol. 
2006;124(2):243–9.

 41. Grauslund J, Green A, Sjølie AK. Blindness in a 25-year follow-up of a 
population-based cohort of Danish type 1 diabetic patients. Ophthalmol-
ogy. 2009;116(11):2170–4.

 42. Brown MM, Brown GC, Sharma S, Hollands H, Landy J. Quality of life and 
systemic comorbidities in patients with ophthalmic disease. Br J Ophthal-
mol. 2002;86(1):8–11.

 43. Cunningham LL, Tucci DL. Hearing Loss in Adults. N Engl J Med. 
2017;377(25):2465–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/ipaq_analysis.pdf
https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/ipaq_analysis.pdf

	Association between dual sensory impairment and risk of mortality: a cohort study from the UK Biobank
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods and materials
	Study design and population
	Definition of sensory impairments
	Ascertainment of death
	Covariates
	Statistical analysis
	Role of the funding source

	Results
	Study population
	Sensory impairment
	Mortality
	Association between sensory impairment and mortality

	Discussion
	Conclusions
	Acknowledgements
	References


