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Abstract

Background: Falls are an important cause of morbidity and mortality in older Americans and are
more common in those with vision impairment (V1). However, there are few nationally-
representative data on the prevalence of falls, fear of falling (FoF), and activity limitation due to
FoF in this population.

Objectives: To determine the prevalence of falls, FoF, and activity limitation due to FoF in a
nationally-representative study of older adults with self-reported VI in the U.S.

Design: Cross-sectional analysis of panel survey data.

Setting: The National Health and Aging Trends Study, a nationally-representative survey
administered annually from 2011-2016 to U.S. Medicare beneficiaries age=65.

Participants: There were 11,558 unique respondents who contributed 36,229 participant-
observations.
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Measurements: We performed logistic regression to calculate the unadjusted and adjusted
prevalence of self-reported history of >1 fall in the past year, any fall in the past month, FoF, and
activity limitation due to FoF in participants with and without self-reported VI.

Results: The weighted proportion of participants reporting VI was 8.6% (95%CI,8.0-9.2%). The
unadjusted prevalence of >1 fall in the past year was 27.6% (95%CIl,25.5-29.7%) in participants
with self-reported VI and 13.2% (95%CIl,12.7-13.7%) in those without self-reported VI. The
prevalence of FoF and FoF limiting activity was 48.3% (95%Cl,46.1-50.6%) and 50.8% (95%Cl
47.3-54.2%), respectively, in respondents with self-reported VI and 26.7% (95%CI,25.9-27.5%)
and 33.9% (95%Cl,32.4-35.4%), respectively, in those without self-reported V1.

Conclusion: The prevalence of falls, FoF, and activity limitation due to FoF is high in older
adults with self-reported V1. FoF and resulting activity limitation are associated with declines in
quality of life and this is the first study to provide nationally-representative data on the prevalence
of these outcomes among older Americans with self-reported V1. Findings demonstrate the need to
treat avoidable VI and to develop interventions to prevent falls and fall-related outcomes in this
population.
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INTRODUCTION

Vision impairment (V1) and blindness affect 1 in 11 Americans age 65 and older in the
United States.! Due to aging of the population, the number of older adults with V1 is
predicted to increase through at least 2050.2 V1 is associated with decreased independence,?
poorer subjective well-being,* and an increased risk of falls.5>~13 In a given year,
approximately 30% of adults over age 65 will fall® and VI increases this risk more than 2-
fold.14 Falls are a substantial cause of morbidity and mortality,1® and in 2015 were
associated with annual medical costs in the U.S. of $50 billion.1® Fear of falling (FoF) and
activity limitation due to FoF are also more common in older adults with V11718 and are
associated with declines in health-related quality of life and independence.19:20

Data on the prevalence of falls and fall-related outcomes in visually impaired older adults
are needed to understand the magnitude of this problem and design targeted population
health interventions.2 Crews and colleagues analyzed data from the Behavioral Risk Factor
Surveillance System (BRFSS) and found that 46.7% of adults age 65 and older with self-
reported severe V1 or blindness had fallen in the prior year compared to 27.7% of controls.8
However, they included respondents who reported a single fall in the past year, which might
overestimate clinically relevant fall risk, as the American and British Geriatrics Societies
recommend using a threshold of >1 fall in the past year to screen for fall risk.22
Additionally, this study calculated fall prevalence in those who reported severe VI and did
not count individuals with milder forms of VI that are more common in the general
population. Finally, the study did not report prevalence estimates adjusted for potential
confounders that have been associated with both V123:24 and fall risk25:26 in prior
investigations.
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Several studies have also found an association between VI and FoF and have demonstrated
that those with FoF are more likely to experience activity restriction.17:18.27 A study by
Nguyen et al showed that among older adults with age-related macular degeneration (AMD),
declines in vision were associated with less physical activity and that FoF mediated the
relationship between vision loss and activity restriction.2 In another study, investigators
found that 40-50% of patients with Fuchs’ corneal dystrophy, glaucoma, or AMD reported
limiting their activity due to FoF compared to only 16% of controls.18 Finally, in a
population-based study from Ireland, researchers found that worse self-reported vision was
independently associated with both FoF and activity restriction due to FoF.17 Importantly,
the population prevalence of FoF and associated activity restriction in older Americans with
self-reported VI has not been reported,28 though this is critical data for designing
interventions to address these adverse outcomes.

The purpose of the current study was to provide up-to-date data on the prevalence of falls, as
well as to contribute novel epidemiologic data on the prevalence of FoF and activity
limitation due to FoF among older adults with self-reported VI in the U.S. In order to
explore these relationships, we analyzed nationally-representative survey data from the
National Health and Aging Trends Study (NHATS), which includes information about
patient health characteristics, demographics, socioeconomics, and healthcare utilization. The
current study provides needed epidemiologic data to illustrate the scope of falls and fall-
related outcomes in visually impaired older Americans. These data may be important for
developing and testing interventions that aim to decrease falls, FoF, and activity limitation
due to FoF in this large and growing population.

METHODS

The University of Michigan Institutional Review Board deemed this study exempt since
NHATS consists of publically available non-identifiable data.

Data and Analysis Sample

NHATS is an annual survey that is administered through in-person interviews to a nationally
representative cohort of adults age 65 and older and enrolled in Medicare. The sampling
frame was defined using the Medicare enroliment database. In round 1, a three stage
stratified sampling design was used that included selection of 95 primary sampling units
(counties or groups of counties); selection of 655 secondary sampling units (zip codes or zip
code fragments); and selection of respondents who were Medicare beneficiaries age 65 or
older on September 30, 2010. The oldest age groups and non-Hispanic black persons were
oversampled. In round 1, NHATS achieved a 71% response rate, corresponding to 8,245
individuals and an effective sample size of 6,461 after accounting for the differential
probability of selection.?® The sample was replenished in 2015 to account for attrition due to
loss to follow-up and death.30

For this study, data were available for 2011-2016 and we included all participants with
complete data in a given year for all of the variables in our models. Accordingly, complete
data was available for 92% of participant-observations, and our analytic sample consisted of
11,558 unique participants who contributed 36,229 participant-observations.
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Variable Definitions

Analyses

RESULTS

VI was self-reported as difficulty recognizing someone across the street and/or reading
newspaper print, even when using corrective lenses. We classified a participant as having
self-reported VI if they reported VI in a given year. Falls were defined as “any fall, slip or
trip in which you lose your balance and land on the floor or ground or at a lower level.”
Participants were asked if they had any fall in the past month and if they fell more than once
in the past 12 months. FoF was determined from a question that asked participants if they
had worried about falling down in the last month; this was followed by an additional
question asking whether worry about falling ever caused them to limit their activities. To
determine the number of medical comorbidities that a participant had, we counted the
number of chronic conditions reported, including a history of myocardial infarction, heart
disease, hypertension, arthritis, osteoporosis, diabetes, lung disease, stroke, and cancer.3!

Based on the NHATS survey design, we used 2011-2016 NHATS data to calculate the
weighted proportions of participants for each covariate stratified by whether participants
self-reported any VI in a given year. We report unadjusted Pvalues from Pearson chi-
squared tests for categorical variables and t-tests for continuous or ordinal variables. We
calculated the unadjusted prevalence of falls and fall-related outcomes for participants with
and without self-reported VI. We then performed multivariable logistic regression and used
the “margins” post-estimation command in Stata (StataCorp, College Station, TX, USA) to
calculate prevalence estimates while adjusting for age, sex, race/ethnicity, educational
attainment, Medicaid eligibility, number of medical comorbidities, body mass index (BMI),
proxy respondent, and survey round. All models accounted for the clustering of multiple
observations from the same participant. Analyses were conducted using Stata version 14 and
accounted for the complex design of the survey, including cross-sectional sample weights,
sampling units, and strata.

Characteristics of Study Sample

Characteristics of the study sample are presented in Table 1. The total weighted proportion
of participants who reported any form of VI was 8.6% (95% confidence interval [CI], 8.0-
9.2%). Participants were more likely to report VI if they were older, female, non-white, less
educated, dual-eligible for Medicaid, had a lower BMI (p=0.04), more medical
comorbidities, or required a proxy respondent (p<0.001 for all comparisons, except as
noted).

Prevalence of Falls and Fall-Related Outcomes

Table 2 illustrates the prevalence of falls and fall-related outcomes for participants with and
without self-reported V1. All unadjusted and adjusted prevalence estimates were
significantly higher for those with self-reported VI compared to participants without self-
reported VI (p<0.001 for all comparisons). The unadjusted prevalence of each of the fall and
fall-related outcomes was nearly twice as high among those with self-reported V1. After
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adjusting for age, sex, and other covariates, the difference in prevalence was smaller;
however, there was still a 225% increase in the prevalence for all four outcomes in those
with self-reported V1.

Sociodemographic Associations with Falls and Fall-Related Outcomes

Table 3 presents the results of multivariable logistic models showing the adjusted
associations between sociodemographic and economic characteristics with falls and fall-
related outcomes. The odds of reporting a fall in the past month or recurrent falls in the past
year were significantly greater among those who self-reported VI and were older, male,
white, less educated, dual-eligible for Medicaid, had more medical comorbidities, and
required a proxy respondent. The odds of reporting FoF were significantly higher in those
who had self-reported VI and were older, female, white, dual-eligible for Medicaid, had a
higher BMI, more medical comorbidities, and required a proxy respondent. The odds of
activity limitation due to FoF were significantly greater among those who had self-reported
VI and were male, Medicaid eligible, had more medical comorbidities, and required a proxy
respondent.

DISCUSSION

In this study of a nationally-representative sample of U.S. Medicare beneficiaries age 65 and
older, we found that falls, FoF, and activity limitation due to FoF were all significantly more
prevalent among those with self-reported V1. This study contributes important and novel
epidemiologic data on the prevalence of FoF and activity limitation due to FoF in older
adults with self-reported VI, while also confirming prior investigations that have reported a
high prevalence of recurrent falls in this population. Approximately one-half of those with
self-reported VI had FoF (compared to 27% without self-reported V1) and activity limitation
due to FoF (compared to 34% without self-reported V1), while more than one in four (28%)
reported recurrent falls in the prior year (compared to 13% without self-reported V1).
Findings from this study suggest the importance of falls prevention interventions for this at-
risk population in order to limit the morbidity, mortality, and healthcare expenditures
associated with falls, 1516 as well as the declines in well-being, quality of life, and
independence that may accompany FoF and associated activity restriction.19.20

Our study confirms the findings of prior investigations that have described a strong
association between V1 and an increased likelihood of falls.>~13 In an investigation by Crews
et al using nationally-representative data from BRFSS, the investigators reported a higher
prevalence of falls than in the current study (46.7% vs 27.6%).8 The lower prevalence of
falls in our study is likely due to differences between the two studies in the definition of VI
and in the criteria used to define falls. Our study estimated fall prevalence using the
American and British Geriatrics Societies’ recommendations for assessing fall risk among
those who report recurrent falls (rather than a single fall) in the past year.22 In other studies
based on objectively measured vision, rather than self-report, investigators have shown that
different measures of vision loss, including impaired visual acuity,® visual field defects,10:12
reduced contrast sensitivity,1! and decreased depth perceptionl3 were all associated with an
increase in falls. In a review of the literature on VI and falls, Rubenstein and Josephson
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showed that the mean odds or relative risk of falls in those with VI (inconsistently defined
across studies) was 2.5 (range, 1.6-3.5),21 which was larger than the effect size for age >80
years, cognitive impairment, depression, impaired activities of daily living, and arthritis.14

We examined the sociodemographic characteristics that were independently associated with
falls and found that our models confirmed prior reports that have described an association
between falls and increasing age, lower socioeconomic status, white race, and having more
medical comorbidities.32-34 Although prior investigations have reported a significant
association between higher BMI and recurrent falls,3>36 we did not find this independent
association in our data.

Our study also demonstrated a high prevalence of FoF and activity restriction due to FoF,
which to our knowledge is the first report of the population prevalence of these fall-related
outcomes in older adults with self-reported VI in the U.S. In a systematic review, Scheffer et
al found that the reported prevalence of FoF among community-dwelling older adults ranged
from 3 to 85% depending on the study and its measurement strategy.3” They found that the
main risk factors for FoF were a history of falls, being female, and being older. Their review
did not identify VI as an important risk factor, though based on our study VI is strongly
associated with FoF and resultant activity restriction.

Other studies have also found an association between VI and FoF.38-40 |n a Japanese clinic-
based study, Yuki et al showed that 23-25% of patients with moderate to severe glaucoma
reported FoF (compared to 12% of controls and patients with mild glaucoma). In our study,
nearly 1 in 2 older adults with self-reported VI endorsed FoF. This difference may be due to
different cultural and environmental contexts, the relatively asymptomatic nature of
glaucoma until late stages of the disease compared to other causes of V1,41 and/or
differences in the ascertainment of FoF. Several other studies on VI and FoF also
demonstrated a strong positive relationship but it is difficult to directly compare their results
to our study since they quantified participants’ level of FoF on an interval scale rather than
its presence or absence.38:40

In our multivariable models, we found that FoF was independently associated with being
female, white, Medicaid eligible, and having a higher BMI or more medical comorbidities.
Prior investigations in older adults with38-40 and without V12942 have also detected these
associations and have reported comparable effect sizes.20 The association between BMI and
FoF in this study suggests that those with a higher BMI are more likely to fear falling even
when they are no more likely to actually fall. It is not clear why certain characteristics were
associated with falls but not fall-related outcomes or visa-versa. Future work could examine
potential mediators of these relationships, such as objective and subjective measures of
balance.

Our study also found that 51% of older adults with self-reported VI had activity limitation
due to FoF compared to 34% of controls. Several prior studies have examined the
relationship between VI and activity limitation due to FoF. Wang et al found that 40-50% of
patients with Fuchs’ corneal dystrophy, glaucoma, or AMD, 18 reported restricting activity
due to FoF, a result that is similar to the unadjusted prevalence reported in this study. In a
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population-based study from Ireland, researchers found that self-reported, but not
objectively measured, VI was significantly associated with increased FoF and activity
restriction due to FoF, however they did not report survey-weighted prevalence estimates for
these outcomes. Finally, Nguyen and colleagues demonstrated that worse vision was
associated with decreased physical activity in subjects with glaucoma and AMD and that
this relationship was mediated by FoF for those with AMD.27 Our study makes an important
contribution to the existing literature on VI and activity restriction due to FoF by providing
needed epidemiologic data and insight into important associations with this outcome.

There were several limitations to this study. NHATS relies on self-report, which can be
subject to recall bias. Although self-reported vision is not perfectly correlated with visual
acuity, self-reported vision status has been widely used in prior population-based studies,
43-45 and previous studies have found that the two measures may have a strong positive
association.#647 NHATS respondents were also asked to recall falls from the prior year,
though the validity of the NHATS falls questions has not been tested against prospective
falls diaries, which are known to be more accurate and are considered the gold-standard for
falls reporting.48 Data from NHATS also did not allow us to determine the severity of falls.
In addition, our results may not fully represent those who did not have complete data,
particularly those who did not report Medicaid dual eligibility and/or BMI, as these two
variables together accounted for the majority of missing data. Finally, this study did not
determine whether the relationship between VI, falls, and fall-related outcomes is causative,
bidirectional, or simply associational.

Older Americans with self-reported VI have a high prevalence of falls, FoF, and activity-
restriction due to FoF compared to their normal sighted peers. This study provides important
and novel epidemiologic data on the prevalence of FoF and related activity restriction in
older adults with self-reported VI, while also confirming the strong association between VI
and falls. Data from this study help to define the scope of these problems and may inform
future studies and interventions aimed at decreasing the likelihood of falls and fall-related
outcomes in visually impaired older adults. Future studies should investigate the
effectiveness of falls prevention interventions in this population. Moreover, since V1 is
avoidable or treatable in a large majority of cases,?! this may represent a modifiable target
for interventions to decrease falls and fall-related outcomes for some older adults. These
outcomes represent critical public health concerns that are likely to impact a growing
number of individuals as the population continues to age.
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Any Fall in Past Month C =
Fear of Falling C n

Activity Limitation due
to Fear of Falling
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AOR (95% CI)

1.71 (1.50-1.96)

1.47 (1.30-1.65)

1.69 (1.53-1.88)

1.47 (1.26-1.71)
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Figure 1. Forest plot depicting the association of self-reported vision impairment with fallsand

fall-related outcomes.

The figure depicts the adjusted odds ratios and 95% confidence intervals for the fully
adjusted association of self-reported vision impairment with each fall and fall-related

outcome.
Cl: confidence interval, AOR: adjusted odds ratio
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Table 1.

Summary statistics of study samplea

Participants with b Participants with c
Any Self-Reported VI No Self-Reported VI | P-value
Characteristic (n=3,933) (n=32,296)
Total, % (95% Cl) 8.6 (8.0-9.2) 91.4 (90.8-92.0)
Age, years, % (95% ClI)
65-69 14.2 (12.3-16.4) 22,5 (21.7-23.2)
70-74 17.5 (15.7-19.6) 29.3 (29.3-30.2)
75-79 17.3 (15.3-19.4) 20.7 (20.0-21.5) <0.001
80-84 17.4 (15.6-19.3) 14.6 (14.0-15.2)
85-89 17.9 (16.2-19.7) 8.8 (8.2-9.3)
90+ 15.7 (14.2-17.4) 4.1 (3.7-4.5)
Sex, % (95% Cl)
Male 34.4 (32.0-37.0) 44.7 (43.5-45.9) <0.001
Female 65.6 (63.0-68.0) 55.3 (54.1-56.5)
Race/Ethnicity, % (95% CI)
White 68.2 (64.3-72.0) 80.8 (79.1-82.4)
Black 11.45 (9.8-13.3) 7.9 (7.1-8.7) <0.001
Hispanic 13.7 (11.0-16.9) 6.1(5.1-7.2)
Other 6.6 (4.5-9.6) 5.2 (4.4-6.2)
Education, % (95% CI)
<High school degree 36.5 (33.3-39.8) 17.8 (16.4-19.2)
High school degree 28.2 (25.6-31.0) 26.7 (25.3-28.1) <000t
>High school degree 35.2 (32.0-38.6) 55.5 (53.4-57.7)
Medicaid Beneficiary
Yes 28.1 (25.1-31.3) 11.2 (10.3-12.2) <0.001
No 71.9 (68.6-74.9) 88.8 (87.7-89.7)
Body Mass Index, mean (95% CI) 27.4 (27.0-27.8) 27.8 (27.6-27.9) 0.04
Comorbidities, mean (95% Cl) 2.9 (2.9-3.0) 2.3(2.3-2.3) <0.001
Proxy Respondent, % (95% ClI)
No proxy 78.6 (76.1-81.0) 96.5 (96.1-96.9) <0.001
Proxy 21.3 (19.0-23.9) 3.5(3.1-3.9)

CI: confidence interval, VI: vision impairment

aData are presented as weighted proportions of US population of Medicare beneficiaries age 265, accounting for the study design of the National
Health and Aging Trends Study

Includes participants who self-reported near and/or distance vision impairment

Pvalues are unadjusted and calculated using design-adjusted Pearson chi-squared test for categorical variables and t-test for continuous/ordinal
variables.
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Prevalence of falls and fall-related outcomes in Medicare beneficiaries age 65 and older?

Unadjusted Prevalence Estimates
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NOVIb

(n=32,296)

Any VI
(n=3,933)

Falls, % (95% CI)

>1 fall in past year

13.2 (12.7-13.7)

27.6 (25.5-29.7)

Any fall in past month

10.3 (9.8-10.7)

18.8 (17.4-20.3)

FoF, % (95% Cl)

26.7 (25.9-27.5)

48.3 (46.1-50.6)

FoF limiting activity, % (95% CI)

33.9 (32.4-35.4)

50.8 (47.3-54.2)

Adjusted Preval

ence Estimates®

Falls, % (95% CI)

>1 fall in past year

13.5 (13.0-14.0)

20.6 (18.5-22.8)

Any fall in past month

10.5 (10.0-10.9)

14.5 (13.1-16.0)

FoF, % (95% Cl)

27.2 (26.4-28.1)

37.5(35.1-39.9)

FoF limiting activity, % (95% CI)

30.7 (28.9-32.5)

38.9 (35.4-42.4)

Cl: confidence interval, VI: vision impairment, FoF: fear of falling

aData are presented as weighted proportions of US population of Medicare beneficiaries age =65, accounting for the study design of the National

Health and Aging Trends Study

bParticipants were classified as having “any VI” if they reported distance and/or near V1 in a given year

DAdjusted for age, sex, race/ethnicity, educational attainment, Medicaid eligibility, number of medical comorbidities, body mass index, proxy

respondent, and survey round.
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Fully adjusted logistic models of the association of vision impairment with falls and fall-related outcomes”

>1fall in past year

Any fall in past month

FoF

FoF limiting activity

OR (95% C1) | Pvalue

OR (9% CI) | P-value

OR (95% CI) | Pvalue

OR (95% CI) | P-value

Vision Impairmentb

No VI reference reference reference reference
Vi 1.71 (1.50-1.96) | <0.001 | 1.47 (1.30-1.65) | <0.001 | 1.69 (1.53-1.88) | <0.001 | 1.47 (1.26-1.71) | <0.001
Age, years
65-69 reference reference reference reference
70-74 1.06 (0.94-1.20) 0.33 1.06 (0.88-1.27) 0.55 1.06 (0.96-1.16) 0.26 0.92 (0.74-1.14) 0.44
75-79 1.01(0.85-1.19) | 093 | 0.96(0.80-1.14) | 0.61 | 1.34(1.19-1.51) | <0.001 | 0.92(0.73-1.16) | 0.46
80-84 114 (0.98-1.32) | 009 | 1.20(1.01-1.44) | 0.04 | 1.89(1.66-2.14) | <0.001 | 1.04(0.84-1.30) | 0.69
85-89 1.33(1.11-1.58) 0.002 1.23 (1.01-1.51) 0.04 2.45 (2.14-2.80) <0.001 1.15 (0.90-1.48) 0.26
90+ 1.33(1.11-1.60) | 0.003 | 1.24(0.99-1.54) | 0.06 | 2.84(2.36-2.42) | <0.001 | 1.00(0.80-1.24) | 0.98
Sex
Male reference reference reference reference
Female 0.86 (0.78-0.96) 0.01 0.83(0.75-0.91) | <0.001 | 1.52(1.40-1.66) | <0.001 | 0.85(0.75-0.96) 0.01
Race/Ethnicity
White reference reference reference reference
Black 0.63 (0.56-0.69) | <0.001 | 0.73(0.66-0.81) | <0.001 | 0.59 (0.52-0.68) | <0.001 | 1.05 (0.86-1.29) 0.63
Hispanic 0.73(0.59-0.90) | 0.003 | 1.05(0.85-1.30) | 063 | 1.22(1.01-1.47) | 004 | 1.17(0.86-1.59) | 031
Other 0.47 (0.34-0.63) | <0.001 | 0.68(0.52-0.90) | 0.01 | 0.73(0.55-0.97) | 0.03 | 0.91(0.69-1.21) | 053
Education
<High school degree reference reference reference reference
High school degree | 0.86 (0.74-0.99) 0.04 0.82 (0.72-0.95) 0.01 0.96 (0.84-1.10) 0.59 0.83 (0.71-0.96) 0.02
>High school degree | 0.90 (0.79-1.04) | 0.14 | 0.86(0.75-0.98) | 0.03 | 0.99(0.87-1.12) | 0.87 | 0.90(0.74-1.08) | 0.25
Medicaid Beneficiary
Yes reference reference reference reference
No 0.81 (0.71-0.92) 0.001 0.84 (0.72-0.98) 0.03 0.74 (0.65-0.85) | <0.001 | 0.68 (0.59-0.79) | <0.001
Body Mass I ndex 1.01(1.00-1.02) | 011 | 1.00(0.99-1.01) | 0.47 | 1.03(1.02-1.04) | <0.001 | 1.00(0.98-1.01) | 0.64
Comorbidities 1.37 (1.32-1.41) <0.001 1.26 (1.22-1.30) <0.001 1.38 (1.34-1.42) <0.001 1.29 (1.23-1.34) <0.001
Proxy Respondent
No proxy reference reference reference reference
Proxy 2.78(2.31-3.35) | <0.001 | 2.06 (1.72-2.46) | <0.001 | 1.18(1.01-1.38) | 0.04 | 2.16(1.65-2.83) | <0.001

CI: confidence interval, VI: vision impairment, OR: odds ratio, FoF: fear of falling

a .
All models were adjusted for NHATS survey round

bParticipants were classified as having “any VI” if they reported distance and/or near V1 in a given year
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