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Abstract

Objective: We explored the associations of dual sensory impairment (DSI) with long-term 

depressive and anxiety symptoms as well as low perceived social support (LPSS) as a modifier of 

these associations.

Methods: Multinomial logistic regression models were used to examine the associations of 

DSI and single sensory impairment (hearing [pure-tone average > 25 dB] and vision [impaired 

visual acuity and/or contrast sensitivity]) with long-term depressive symptom (≥8 on the 10-

item Center for Epidemiologic Studies-Depression Scale) and anxiety symptom (present on the 

Hopkins Symptom Checklist) latent classes from group-based trajectory models (rare/never; mild/

moderate increasing; chronically high) among 2102 Health, Aging and Body Composition Study 

participants (mean age:74.0 ± 2.8 years; 51.9 % female) over 10 years. Models were adjusted 

by demographic characteristics and cardiovascular risk factors, and LPSS. An additional model 

evaluated the two-way interaction between DSI and LPSS.

Results: DSI was associated with increased risk of being chronically depressed (Risk Ratio, 

RR = 1.99, 95 % Confidence Interval, CI: 1.25, 3.17), not mild/moderate increasingly depressed 

(RR = 1.25, 95 % CI: 0.91, 1.71). DSI had increased risk of being mild/moderate increasingly 

anxious (RR = 1.60, 95 % CI: 1.16, 2.19) and chronically anxious (RR = 1.86, 95 % CI: 1.05, 

3.27) groups, as compared to no impairments. Hearing impairment was associated with being 

mild/moderate increasingly anxious (RR = 1.34, 95 % CI: 1.01, 1.79). No other associations were 

found for single sensory impairments. LPSS did not modify associations.

Limitations: Sensory measures were time-fixed, and LPSS, depression and anxiety measures 

were self-reported.

Conclusions: Future research is warranted to determine if DSI therapies may lessen long-term 

chronically high depressive and anxiety symptoms.

Keywords

Dual sensory impairment; Depressive symptoms; Anxiety; Hearing; Vision; Perceived social 
support

1. Introduction

Prevalence of depressive and anxiety symptoms is common among older adults, and it 

increases with age (Yu et al., 2020). Approximately 26 % of males report depressive and 

anxiety symptoms, while 27 % and 29 % of females report depressive and anxiety symptoms 

respectively (Curran et al., 2020). Similar studies report 26 % of older adults report anxiety 
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symptoms (Beekman et al., 1999; Boehlen et al., 2020; De Beurs et al., 2000; Forsell and 

Henderson, 1998). A potentially underappreciated risk factor for depressive (Brewster et al., 

2018; Fiske et al., 2009; McDonnall, 2009a) and anxiety (Contrera et al., 2017; Contrera 

et al., 2016) symptoms is dual sensory impairment (DSI), which is typically defined as the 

co-occurrence of hearing and vision impairments, both of which are highly and increasingly 

prevalent with advancing age (Saunders and Echt, 2007). Prevalence of DSI is <1 % among 

Americans aged 70 years and younger, but DSI increases to 11.3 % among Americans aged 

80 years and older (Swenor et al., 2013).

While several cross-sectional studies have evaluated the association of DSI with depression 

and anxiety (Capella-McDonnall, 2005; Heine and Browning, 2014; Lupsakko et al., 

2002; McDonnall, 2009b), few have considered the longitudinal associations of DSI with 

depressive and anxiety symptoms (Cosh et al., 2018; Kiely et al., 2013; McDonnall, 2009a). 

These studies used linear mixed-effects models to evaluate the rate of change in depressive 

symptoms as a function of DSI, and only one study (Cosh et al., 2018) evaluated the rate of 

change in anxiety symptoms as a function of DSI as well. Linear mixed-effects models can 

evaluate the change in the number of depressive symptoms, but it does not consider whether 

a person would have long-term depressive or anxiety symptoms and it assumes that the rate 

of change in depressive symptoms is linear when it is not. Older adults may experience 

different patterns of depressive symptoms over time (Byers et al., 2012; Cui et al., 2008; 

Kuchibhatla et al., 2012). While the prevalence of major depressive disorder among older 

adults is rare, the presence of clinically relevant depressive symptoms is common among 

older adults. Depressive symptoms have been associated with adverse outcomes, such as 

mobility difficulty (Murphy et al., 2016) and dementia (Snowden et al., 2015). To date, 

there is a dearth of studies evaluating the association of DSI with long-term depressive and 

anxiety symptoms among White and Black older adults without functional limitations living 

in the United States and countries similar to the United States.

Hearing impairment (HI) and vision impairment (VI) separately have been linked to higher 

depressive and anxiety symptoms over time. Previous studies using data from the Health 

Aging and Body Composition (HABC) study found HI cross-sectionally is associated 

with higher depression and anxiety symptoms (Contrera et al., 2017; Contrera et al., 

2016) and longitudinal depressive symptom trajectories (Brewster et al., 2018). HI also 

is associated with lower emotional vitality in an aged population, potentially linked with 

mental health and well-being (Contrera et al., 2016). Potential mediating pathways linking 

HI to depressive and anxiety symptoms could be cognitive decline (Lin et al., 2013), social 

isolation (Mick et al., 2014), and physical disability (Chen et al., 2015). VI is also associated 

with depressive and anxiety symptoms (Cosh et al., 2018; Simning et al., 2019), and those 

with VI are likely to report future depressive symptoms (Carrière et al., 2013; Frank et al., 

2019). Potential mechanisms underlying this association are burden of care related to regular 

hospital visits to receive medical treatments, fear of intravitreal injections, fear of future 

blindness, uncertainty about disease prognosis, and poor self-esteem (Grant et al., 2021; 

Hernández-Moreno et al., 2021; Maaswinkel et al., 2020; Senra et al., 2017).

We examined whether DSI is associated with greater risk of long-term depressive and 

anxiety symptoms in a biracial sample of older adults. We hypothesize that those with 
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DSI are at increased risk of higher long-term depressive and anxiety symptom patterns, 

as compared to those without hearing and vision impairments. Additionally, since DSI 

could limit opportunities for social interaction and support, we evaluated whether decreased 

perceived social support modified the associations of DSI with long-term depressive and 

anxiety symptom patterns as an exploratory analysis.

2. Methods

2.1. Characteristics of the study sample

Participants came from the HABC Study, a prospective cohort study designed to assess age-

related changes in physical function and body composition in Black and White older adults 

without functional limitations. Details pertaining to HABC methodology and selection 

criteria have been published previously (Cesari et al., 2003; Katsiaras et al., 2005). Briefly, 

3075 participants were initially recruited from field centers in Pittsburgh, PA and Memphis, 

TN between 1997 and 1998 (Year 1). Eligibility requirements for the study consisted of 

(i) no reported difficulty in activities of daily living (ADL) and (ii) no reported mobility 

limitation (difficulty walking ¼ mile or 10 stairs without rest). The study was approved 

at the study sites by the respective Institutional Review Boards, and participants provided 

written consent form. The final analytic sample included 2102 participants (mean age: 74.0 

± 2.8 years; 51.9 % female) with available measures on hearing, vision, depression, and 

anxiety (Supplementary Fig. 1).

2.2. Dual sensory impairment

Hearing Impairment.—In Year 5 (2001–2002), audiometric assessments were conducted 

in a sound-treated booth. Since hearing impairment progresses slowly in older age (Morrell 

et al., 1996), audiometric findings were used to define hearing status at study baseline (Year 

1). Using headphones at frequencies from 0.25 to 8 k Hertz (kHz) (TDH 39; Telephonics 

Corporation) and an audiometer (MA40; Maico Diagnostics) calibrated to the standards of 

the American National Standards Institute (S3.6- 1996), pure-tone air conduction thresholds 

were collected in both left and right ears. A four-frequency pure tone average (PTA) was 

calculated from audiometric threshold at 0.5, 1, 2, and 4 kHz for the better hearing ear. HI 

is defined as PTA > 25 dB, since this cut-off has been used in previous Health ABC studies 

(Armstrong et al., 2020; Chen et al., 2015; Lin et al., 2013).

Vision Impairment.—In Year 3 (1999–2000), visual acuity, contrast sensitivity, and 

stereo acuity measures were administered to participants (Swenor et al., 2015). The Bailer-

Lovie distance visual acuity test, converted to Snellen equivalents was used, with an 

acuity equivalent of 20/50 or worse being defined as impaired (Bailey and Lovie, 1976; 

Lovie-Kitchin, 1988). Additionally, Pelli-Robson contrast sensitivity was used, with 1.3 

log units or less being defined as impaired (log Contrast units, higher values = better 

sensitivity) (Elliott et al., 1990; Pelli et al., 1988). Participants were asked about any 

previous impairments to their vision such as cataracts, glaucoma, and/or retinopathy. VI 

was defined as having impaired visual acuity or contrast sensitivity. As with HI, we assumed 

that this would be similar to values in Year 1.
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Dual Sensory Impairment.—Using these defined cut-offs for HI and VI, we created a 

categorical variable to examine DSI: both hearing and vision, hearing only, vision only, and 

neither (reference). Both hearing and vision are time-invariant, as they were measured once 

in HABC.

2.3. Depressive symptoms

One of our outcomes of interest was classes related to the longitudinal trajectories 

of depressive symptoms. Depressive symptoms were measured using the Center for 

Epidemiologic Studies-Depression scale (CES-D) (Andresen et al., 1994; Radloff, 1977). 

The standard 20-item CES-D was administered in Years 1, 4, 6, 8, and 10 with scores 

ranging from 0 to 60. The 10-item CES-D (mCES-D) was administered in Years 3, 5, and 11 

with scores ranging from 0 to 30 and reports measures of depressive symptoms experienced 

during the previous week through self-assessment. On a scale of 0 (rarely or none of the 

time) to 3 (most or all of the time), questions on the report range from mood (five items), 

irritability (one item), calories (energy, two items), concentration (one item), and sleep 

(one item). The maximum number of points allotted is 30, with higher scores indicating 

greater depressive symptoms. We used the items from the 20-item CES-D that matched the 

mCES-D to obtain the long-term depressive trajectories classes. That way, we had data on 

the mCES-D at Years 1, 3, 4, 5, 6, 8, 10, 11 (Supplementary Fig. 2). We used mCES-D 

cut-off score ≥ 8 for the presence of clinically relevant symptoms for the latent trajectory 

classes, as this has been established and used in a previous HABC study (Andresen et al., 

1994; Armstrong et al., 2020).

There has been previous research using data from the full HABC study analyzing depression 

trajectories over 10 years by longitudinal latent class analysis (Brewster et al., 2018; Kaup 

et al., 2016). Brewster et al. (2018) found that depression trajectories consisted of one 

of three categories: (i) increasing probability of depressive symptoms, (ii) consistently 

high probability of depressive symptoms, or (iii) consistently low probability of depressive 

symptoms.

2.4. Anxiety symptoms

The second outcome of interest was classes related to the longitudinal trajectories of anxiety 

symptoms. Anxiety symptoms were measured using three items from the Hopkins Symptom 

Checklist that queried about presence of anxiety symptoms in the previous week (Derogatis 

et al., 1974). Participants were asked “during the past week: (i) have you felt fearful?; (ii) 

have you felt nervous/shaky inside?; (iii) have you felt tense/keyed up?”. Answers to these 

questions were on a scale of 1 to 4: no (1), a little (2), quite a bit (3), or extremely (4). 

We distinguished an anxiety threshold if participants rated any symptom occurring at least 

“quite a bit” or any two symptoms occurring at least “a little” (Guralnik et al., 1995; Mehta 

et al., 2003; Simonsick et al., 2015). Prior analysis has established the effectiveness of using 

the Hopkins Symptom Checklist as a screening tool for anxiety levels (Brenes et al., 2005; 

Mehta et al., 2007; Tambs, 2004). Anxiety symptoms were measured in Years 1, 3, 5, 6, 7 

and 9 (Supplementary Fig. 2).
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2.5. Measures of perceived social support

Perceived social support was defined by responses to questions related to satisfaction with 

social contact, adequacy of social contact, and emotional support. Satisfaction with social 

contact was defined by responses to the following questions: (1) “How satisfied are you 

with how often you see or talk to your family and friends?” (2) “How satisfied are you 

with the help you get from your friends and family?”. These were rated on a scale from 

0 being dissatisfied and 10 being very satisfied. Adequacy of social contact was defined 

by responses to two questions about how often in a week do you see friends and relatives 

respectively. Responses included at least once a day, 4–6 times a day, 2–3 times a day, one 

time per week, and less than once per week. Definitions for adequacy of social contact were 

used previously in Simonsick et al. (1998). Emotional support was defined by responses 

to the following question: “In the past year, could you have used more emotional support 

than you received?” The responses were: (1) you needed a lot more; (2) some more; (3) a 

little more; (4) none. These questions were administered in odd years, but for this study, we 

used data from Years 1 (1997–1998) and 5 (2001–2002). Low perceived social support was 

defined by the following categorizations: dissatisfaction defined as the lower 10th percentile 

of the sample distribution on both questions (score < 6), low social contact defined as 

one time per week/less than once per week for friends and/or relatives, and low emotional 

support defined as needing more emotional support. Since few people had combinations of 

these components (Supplementary Table 1), low perceived social support was defined by the 

presence of one, two, and all three components versus absence of any component.

2.6. Covariates

Covariates included baseline demographic characteristics (age, sex [female vs. male], self-

reported race [Black vs. White], marital status [married vs. not], postsecondary education 

[attained college/graduate degree vs. not]), current smoking status, history of Type II 

diabetes and hypertension, and body mass index (BMI). History of Type II diabetes was 

determined through self-reporting of diagnosis, use of Type II diabetes drugs, or fasting 

glucose ≥126 mg/dL at baseline. History of hypertension was determined by having systolic 

blood pressure ≥ 140 mm Hg, diastolic blood pressure > 90 mm Hg, or by self-report of 

diagnosis of hypertension with or without antihypertensive medication use. About 2.4 % (n 

= 50) reported antidepressant use, so antidepressant use was not included as a covariate.

2.7. Trajectory group membership for depressive and anxiety symptoms

To identify distinct trajectory patterns of depressive and anxiety symptoms, we used a latent 

group-based univariate trajectory modeling approach under the assumption that the sample 

is drawn from a discrete set of subpopulations, each one having a distinct trajectory pattern, 

to approximate an underlying continuous distribution with a complex structure (Murphy et 

al., 2016; Nagin and Odgers, 2010; Nagin and Tremblay, 2001). We modeled depressive 

and anxiety symptoms data separately to find the best-fit group-based univariate trajectory 

models. The optimal number of trajectory classes and functional form (linear or polynomial) 

were determined. Criteria for the determination of best fit were average posterior probability 

of trajectory group membership >0.7 for all trajectory groups, Bayesian information criteria 

closest to zero, presence of at least 5 % of participants in each trajectory group, and the 
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odds of correct classification >5.0 (Nagin and Odgers, 2010; Nagin and Tremblay, 2001). 

For depressive and anxiety symptoms, a logit model was used to describe the probability of 

clinically relevant symptoms at each visit up to 10 years.

2.8. Statistical analysis

Using two-sample t-tests for continuous variables and Chi-squared tests for categorical 

variables, baseline characteristics for each DSI category were evaluated. After assigning 

group membership for long-term depressive and anxiety symptoms, multivariable 

multinomial logistic regression models were used to determine if DSI was associated with 

long-term depressive and anxiety symptoms groups. Models were adjusted by baseline 

covariates. We calculated the relative excess risk due to interaction (RERI) and the synergy 

index (SI) to assess the biological interaction between hearing and vision impairment on an 

additive scale (Rothman et al., 2008). RERI >0 and SI > 1 mean that there is a positive 

interaction or more than additivity; RERI < 0 and SI < 1 mean negative interaction or less 

than additivity; RERI = 0 and SI = 1 mean no interaction or exactly additivity. We used 

multivariable multinomial logistic models to examine the association between DSI and low 

perceived social support cross-sectionally at Years 1 and 5. Then, we evaluated whether 

low perceived social support modified the association of DSI with long-term depressive 

and anxiety symptoms, by adding a two-way interaction term between low perceived social 

support and DSI as an exploratory analysis.

As a sensitivity analysis, we examined the associations between DSI with depressive and 

anxiety symptom trajectory classes four years from baseline to determine if inferences 

change over time. This was done to account for the single hearing assessment occurring four 

years after baseline.

All analyses were performed in Stata 16.0 (StataCorp, 2019). A p value <0.05 guided 

statistical interpretation. Access to the dataset can be requested by submitting a request to: 

https://healthabc.nia.nih.gov/eform/submit/analysis-plan.

3. Results

3.1. Study participants

The sample characteristics can be seen in Table 1. Those with DSI were older and more 

likely to be male and white compared to the other groups. Also, those with DSI were more 

likely to have a lower level of postsecondary education and were at a higher risk of having 

Type II diabetes. Additionally, DSI-affected individuals were more likely to have a history of 

cataracts, macular degeneration, and glaucoma (Table 1).

3.2. Trajectory group membership for depressive and anxiety symptoms

Fig. 1 shows the crude best-fit group-based univariate curves of trajectory classes for 

long-term depressive and anxiety symptoms. The optimal univariate trajectory model fit 

for depression and anxiety was achieved when three trajectory groups for both were 

specified (Supplementary Tables 2 and 3). The three patterns for the overall sample were 

rare/never (61.1 %), mild/moderately increasing (28.6 %), and chronically high (10.3 %). 
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The three patterns for the overall sample for anxiety symptoms were rare/never (61.6 %), 

mild/moderately increasing (27.5 %), and chronically high (10.9 %).

3.3. Relationship of dual sensory impairment with depressive and anxiety symptom 
trajectory classes

Table 2 shows the associations of DSI categories with depressive and anxiety symptom 

trajectory classes. While there were no associations between DSI categories and the mild/

moderately increasing depressive symptoms in the unadjusted and adjusted analyses, DSI 

was associated with being chronically depressed after covariate adjustment (Relative Risk, 

RR = 1.99, 95 % Confidence Interval, CI: 1.25, 3.17). The RERI between DSI and 

chronically depressed was 0.58 (95 % CI: −0.23, 1.38), and the SI was 3.24 (95 % CI: 

−7.16, 13.64). The linear combination of the effects for HI and VI is RR = 1.40 (95 % CI: 

0.60, 3.27), which is less than the estimate for DSI (RR = 1.99), suggesting the presence of 

DSI contributes more risk than the two sensory impairments individually.

Those with DSI were at an increased risk of being mild/moderate increasingly anxious (RR 

= 1.60, 95 % CI: 1.16, 2.19) and chronically anxious (RR = 1.86, 95 % CI: 1.05, 3.27) 

groups, as compared to the group without HI and VI. HI was associated with an increased 

risk of being mild/moderate increasingly anxious (RR = 1.34, 95 % CI: 1.09, 1.92), but 

not the chronically anxious (RR = 1.62, 95 % CI: 0.98, 2.67). VI was not associated 

with increased risk of having either mild/moderate increasingly or chronically high anxiety 

symptoms (Table 2). The RERI between DSI and mild/moderate increasingly anxious was 

−0.01 (95 % CI: −1.14, 1.11), and the SI was 0.98 (95 % CI: −0.31, 2.28). The estimate 

of both HI and VI (RR = 1.60, 95 % CI: 0.92, 2.76) was the same estimate for DSI (RR 

= 1.60), suggesting the presence of DSI did not contribute more risk than the two sensory 

impairments individually. The RERI between DSI and chronically anxious group was 0.21 

(95 % CI: −0.25, 0.68), and the SI was 4.44 (95 % CI: −32.46, 41.33). The estimate of 

both HI and VI (RR = 1.89, 95 % CI: 0.69, 5.19) was less than the estimate for DSI (RR 

= 1.86), suggesting the presence of DSI did not contribute more risk than the two sensory 

impairments individually.

We evaluated whether low perceived social support modified the association of DSI with 

long-term depressive and anxiety symptom trajectory groups as an exploratory analysis. 

None of the two-way interaction terms between DSI and low perceived social support were 

significant (all p’s > 0.05) with the exception of the two-way interaction between VI and at 

least one low perceived social support component (RR = 5.16, 95 % CI: 1.45, 18.29). No 

one had VI only and 3 low perceived social support components.

As a sensitivity analysis, we derived the trajectory classes for depressive and anxiety 

symptoms at Year 5. The number of trajectory classes for depressive symptoms decreased 

from 3 to 2 groups, while the number of trajectory classes for anxiety remained the same. 

While there were no associations between DSI categories and the depressive symptoms 

group, there were associations of HI with increased risk of having chronically high anxiety 

symptoms (RR = 1.51, 95 % CI: 1.07, 2.11), starting in Year 5 (Supplementary Table 4).
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3.4. Relationship of dual sensory impairment with social support

Supplementary Table 1 shows the frequencies of the combinations of the measures of low 

perceived social support for the overall sample and by DSI. Most of the sample (57.7 %; n 

= 1212) did not have any components of low social support (dissatisfaction, low emotional 

support, and low social contact). About 18.1 % of the sample reported low emotional 

support only, and 15.4 % reported low social contact only. All other combinations and 

dissatisfaction only were all below 5 %. In Table 1, approximately 1.1 % (n = 23) had all 

three components of low social support; 6.9 % (n = 145) had two components of low social 

support; 34.4 % (n = 721) had one component of low social support. The frequencies did 

not differ between Years 1 and 5. However, low social support measures differed across DSI 

categories (Table 1).

We examined the relationship between DSI and low perceived social support at Years 1 and 

5 cross-sectionally (Table 3). There were no associations between the DSI categories and 

number of components of low perceived social support cross-sectionally in Years 1 and 5, 

except for VI and one component of low perceived social support in Year 1 (OR = 1.41, 95 

% CI: 1.03, 1.92).

4. Discussion

DSI was associated with greater risk of having chronically high depressive symptoms and 

mild/moderate increasingly and chronically highly anxious symptoms. DSI was associated 

with an ~99 % increased risk of having chronically depressive symptoms group as well 

as with a ~60 % increased risk of being mild/moderate increasingly anxious and ~86 

% increased risk of being chronically anxious. Interestingly, DSI contributed greater risk 

of having chronically high depressive symptoms and mild/moderate increasingly anxious 

symptoms than the individual sensory impairments. Low perceived social support does not 

appear to modify the association of DSI with the long-term depressive and anxiety symptom 

trajectory classes.

In somewhat contrast to our findings, investigators from one study reported DSI was 

associated with longitudinal increases in depressive symptoms over a 16-year follow-up 

period, which were explained by difficulties with activities of daily living and social 

engagement (Kiely et al., 2013). Meanwhile, Chou (2008) did not find any associations 

between DSI and depressive symptoms over a two-year period. It could be that the timing 

was too short to detect associations. While Cosh et al. (2018) reported no associations 

between DSI and anxiety symptoms over time, we found associations of DSI with mild/

moderate increasingly anxious and chronically anxious symptom classes. These findings 

are consistent with a prior longitudinal study using data from the Health and Retirement 

Study found that those with DSI had more depressive symptoms than those without DSI at 

baseline and the number of depressive symptoms increased at a faster rate among those with 

DSI over a 13-year follow-up period, as compared to those without HI and VI (McDonnall, 

2009a). Similarly, a longitudinal population-based study reported that DSI was associated 

with increased depressive, but not anxiety, symptoms over a 6-year follow-up period (Cosh 

et al., 2018).
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DSI was not associated with low perceived social support at Years 1 and 5. The prevalence 

of low social support was 42.3 % in Year 1 and 40.7 % in Year 5. Additionally, two-way 

interaction between DSI and low perceived social support in the main and sensitivity 

analyses was insignificant, suggesting that low perceived social support did not modify 

our associations. It could be that low objective social support may modify these associations, 

but the study was limited to using scales based on perceived social support. Our results 

are in contrast to those of another study where social activity engagement explained the 

association of DSI with increases in depressive symptoms (Kiely et al., 2013). Social 

activity engagement was reported via self-report questionnaire called the Adelaide activity 

profile, a validated measure of lifestyle activities for older adults (Clark and Bond, 1995). 

Participants reported their level of participation in social and mentally stimulating activities 

over a 3-month period. Our measure of low social support did not gauge the level of 

participation in various activities. Rather, it was more of a subjectively measured variable 

based on the participants’ perception of support, which could have biased findings.

There were strengths and limitations of this study. Our study defined long-term depressive 

and anxiety symptoms over a 10-year follow-up period to better classify these long-term 

symptoms, as opposed to examining a snapshot of depressive and anxiety symptoms in a 

short period of time. Longer follow-up time is needed, as evidenced by lack of associations 

in sensitivity analyses that utilized a shorter follow-up period among older adults without 

functional limitations. Other strengths included objective measures for hearing and vision. A 

limitation from our study is that our participants are from a healthier subset of the HABC 

cohort, thus limiting the generalizability of these findings. Other limitations include the 

sensory impairments being measured at two different time points, the use of time-fixed 

sensory impairments, and loss to follow-up. This could have led to some misclassification of 

sensory impairment, and we could not evaluate change from normal to sensory impairment. 

Loss to follow-up is associated with depressive and anxiety symptoms, so this could have 

affected the estimates in a conservative direction.

Although there is a high prevalence of DSI among older adults, it is poorly understood 

(Davila et al., 2009), under-recognized, and under-diagnosed (Heine and Browning, 2002). 

There is a lack of consensus as to what clinical cut points can be used to define HI 

and VI, and structural barriers may exist for those with HI and VI. Those with DSI may 

experience diminished quality of life (Brennan et al., 2006; Dalton et al., 2003). This feeling 

of diminished quality of life could be associated with the onset of depression and anxiety. 

By recognizing DSI as being part of the factors that influences depression and anxiety, 

this can lead to better rehabilitation options and increase communication-based situations 

(Heine and Browning, 2002). Rehabilitation can be employed for compensatory strategies, 

modifications in environment, and use of assistive tools on an as-needed basis. In turn, these 

can improve self-esteem and self-confidence as well as postpone cognitive decline, leading 

to independent living for longer periods of time (Guthrie et al., 2018; Guthrie et al., 2016) 

and better quality of life (Tseng et al., 2018). Screening older adults for DSI, depression, 

and anxiety may identify treatment opportunities earlier to optimize health and well-being. 

Further investigation is needed to see if screening affects these associations. Additionally, 

potential mediators, i.e., social support, loneliness, and falls/fractures, of the association of 
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DSI with long-term depressive and anxiety symptoms could be explored in other prospective 

cohort studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Trajectory classes for long-term depressive and anxiety symptoms.

Note: Pr(Having Symptoms) means prevalence for having either depressive or anxious 

symptoms at the timepoints on the x-axis. Mod means moderately. Anxiety symptoms were 

defined as the presence of anxiety symptoms in the previous week through the Hopkins 

Symptom Checklist. The anxiety threshold was defined as present if participants rated any 

symptom occurring at least “quite a bit” or any two symptoms occurring at least “a little”. 

Presence of clinically relevant depressive symptoms was defined as the cut-off score ≥ 8 on 

the 10-item Center for Epidemiologic Studies – Depression Scale.
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