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Abstract

Background: Falls are the leading cause of injury among older adults, with vision impairment recognized as a significant
risk factor. However, many existing studies have been limited by small sample sizes, retrospective designs, or insufficient
adjustment for confounding factors. To overcome these limitations, we used data from the University of Michigan’s Health and
Retirement Study (HRS) to analyze the association between self-reported vision and fall risk among older adults in a large,
nationally representative sample.

Objective: The objective of this study was to investigate the association between vision impairment and falls and assess
whether subjective vision impairment predicts future falls in older adults.

Methods: This cross-sectional and longitudinal analysis used data from the HRS (1996-2020) to assess the relationship
between self-reported vision, glaucoma history, and falls among US adults aged 65 years and older. HRS uses a biennial,
multistage area probability sample survey design, collecting data with community-dwelling individuals followed up every
2 years until death, tracking health, economic, and social outcomes. Multivariate logistic regression was used to analyze
associations between self-reported vision and self-reported falls in the past 2 years.

Results: A total of 38,835 respondents contributed 117,834 observations. The weighted proportion of participants reporting
falls was 37.9% (95% CI 37.7%-40.1%). Significant risk factors for falls included overall eyesight impairment (adjusted odds
ratio [aOR] 1.36,95% CI 1.20-1.56), distance vision impairment (aOR 1.37,95% CI 1.32-1.42), near vision impairment (aOR
1.33,95% CI 1.27-1.37), and glaucoma (aOR 1.15, 95% CI 1.07-1.24). A similar association was observed for serious falls,
where overall eyesight impairment (aOR 1.20, 95% CI 1.03-1.44), distance vision impairment (aOR 1.14, 95% CI 1.07-1.22),
near vision impairment (aOR 1.12, 95% CI 1.05-1.18), and glaucoma (aOR 1.15, 95% CI 1.05-1.26) were significant. In
longitudinal analyses, overall vision impairment (aOR 1.23, 95% CI 1.16-1.29), distance vision impairment (aOR 1.27, 95%
CI 1.20-1.38), near vision impairment (aOR 1.23, 95% CI 1.19-1.32), and glaucoma (aOR 1.25, 95% CI 1.13-1.37) increased
the risk of future falls. Reported overall vision was significantly associated with the number of falls in both the same (P<.001)
and subsequent (P<.001) survey cycles.

Conclusions: Both distance and near vision impairment, as well as glaucoma, are associated with a higher risk of falls in older
adults and present possible areas for intervention and prevention.
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Introduction

Falls are the leading cause of injury among adults ages 65
years or older [1]. Nearly 30% of older adults fall each
year, and 10% report injury from a fall [2]. In the United
States in 2018, there were 36 million reported falls, resulting
in 3 million emergency department visits, nearly 1 million
hospitalizations, and 32,000 deaths [3]. Approximately 1 in
10 falls in older adults results in serious injury, such as hip
fracture or traumatic brain injury, and the annual cost of
falls in the United States is more than US $50 billion [4-6].
Globally, falls are the 13th leading cause of death, and the
prevalence of falls is increasing as the population gets older
[7]. Fortunately, multifactorial intervention strategies such
as medical staff and patient education, providing supplies
for hip protection, and sensory optimization by providing
hearing aids have all been able to successfully reduce the
risk of falling [5,7,8]. Home modifications to improve safety,
such as changing floor coverings, removing loose carpets,
fitting handrails, maintaining steps and ramps, and improving
lighting, can reduce falling hazards in homes.

Falls are significant, life-altering health events with
modifiable risk factors such as impaired balance, polyphar-
macy, and poor vision [9-11]. Impaired vision has been
shown to be a risk factor for falls in older adults. In 1998,
the Beaver Dam Eye Study showed that impaired visual
acuity was associated with an increased risk of falling, and
older adults in the worst visual acuity group were signifi-
cantly more likely to have fallen 2 or more times in the past
year [12]. The Blue Mountains Eye Study similarly found a
significant relationship between low visual acuity and falls.
In addition, they reported that decreased contrast sensitivity
and reduced visual field (VF) increased the risk of falls and
proposed that the presence of a cataract may explain this
association [13]. In the Salisbury Eye Evaluation study, only
reduced peripheral VF was associated with the risk of falling,
while visual acuity, contrast sensitivity, and stereo acuity
were not after adjusting for potential confounders [14]. Other
studies support a relationship between impaired vision and
falls but differ as to which components of visual function
increase fall risk [5,9,15-17].

These studies provided valuable information that broadly
supports impaired vision as a modifiable risk factor for falls;
however, many of these studies had limitations due to small
sample sizes, retrospective analyses, or the inability to adjust
for confounders. Even the most extensive studies to date have
data spanning only 1-2 years and are generally limited to
local communities or geographic regions [12-14].

To address these limitations, we used the University of
Michigan Health and Retirement Study (HRS) data. The
HRS is a diverse, nationally representative longitudinal panel
study of US adults ages 50 years and older, followed every
2 years for over 20 years [18]. Data on fall incidence
and self-reported vision impairment were collected from
over 25,000 respondents over a period of two decades.
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[7]. Self-reported vision has been established as a practical
proxy measure for visual function, demonstrating a strong
relationship with various objective visual function assess-
ments [19,20]. This indicates that self-reported vision can
serve as a reliable indicator of visual acuity. Furthermore,
self-reported vision assessments offer a valuable advantage in
under-resourced areas, where accessible and convenient tools
for vision evaluation are scarce. By leveraging self-reported
vision data, researchers and health care professionals can
overcome logistical barriers and better understand vision-rela-
ted needs in these communities. A better understanding of
what aspects of vision impairment increase fall risk will help
clarify promising vision interventions to decrease the rate of
falls among older adults.

The objective of this study was to investigate the relation-
ship between various aspects of self-reported vision impair-
ment and falls and prospectively assess whether subjective
vision impairment is predictive of future falls in a large and
diverse longitudinal population-based study of older adults.

Methods

Data Collection

Data were from the HRS database, a longitudinal panel
study that surveys a nationally representative sample of
Americans aged 50 years and older every two years, with
follow-up continuing until death. The HRS uses a biennial,
multistage area probability sample survey design, using a
combination of in-person and telephone interviews to collect
data. The survey focuses on community-dwelling individuals.
This longitudinal design enables the tracking of participants’
health, economic, and social outcomes over time, providing
a comprehensive understanding of aging and retirement in
America. The HRS is supported by the National Institute
on Aging (NIA UO01AGO009740) and the Social Security
Administration. For this study, we used data from 14 waves
of the HRS (1996-2020).

The analytic subsample for this study comprises commun-
ity-dwelling respondents aged 65 years and older from the
1996-2020 HRS survey rounds, as the falls questionnaire was
only administered to participants at or older than this age
threshold, with all included variables having item nonres-
ponse rates below 10%.

Ethical Considerations

Since the HRS database is deidentified and publicly accessi-
ble, this study was exempt from the Mass General Brigham
institutional review board approval and patient permission
was waived. The study adhered to the tenets of the Declara-
tion of Helsinki.

Primary Outcomes and Definitions of
Variables

The primary outcome measures included self-reported falls,
serious injury falls, and the number of falls. Participants
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were asked if they had fallen in the past two years. If they
answered “yes,” they were then asked how many times they
had fallen and whether any of the falls were serious. Serious
injury falls were defined as those requiring medical treatment.

Ophthalmic parameters were acquired from the HRS
survey assessments and included overall eyesight, distance
vision, and near vision (see Multimedia Appendix 1), each
rated on a scale from 1 to 5, with scores of 4 (fair) and 5
(poor) considered indicative of impaired vision. For overall
eyesight, a score of 6 could be assigned for patients with legal
blindness. The history of glaucoma was based on whether
participants reported ever being treated for glaucoma.

The HRS also collected information on age, gender, race,
level of education, marital status, self-reported diagnoses
of hypertension, diabetes, stroke, heart conditions (includ-
ing heart attack, coronary heart disease, angina, congestive
heart failure, or other heart problems), arthritis or rheuma-
tism, smoking and alcohol consumption status, psychiatric
medication use, exercise activities, and household income.

Study Timepoints of Data Analysis

The data were analyzed cross-sectionally and longitudinally
to confirm the correlations between ophthalmic parameters
and falls. Each participant observation was analyzed as
individual encounters in both analyses. In the cross-sectional
analysis, self-reported ophthalmic parameters and falls were
ascertained from the same 2-year interview cycle. Each
completed survey was counted as 1 entry. In the longitudi-
nal analysis, the self-reported ophthalmic parameters were
obtained during the survey and analyzed with the reported
falls recorded in the patient’s survey 2 years later.

Statistical Analysis

Data are presented as base-year weighted proportions,
accounting for the Health and Retirement Study adjust-
ments for attrition and sampling error. Descriptive statistics
were used to summarize participant data on falls outcomes,
including falls, no falls, serious falls, and nonserious falls. We
used 7 tests for continuous variables and y? tests for categori-
cal variables to evaluate differences between outcomes. We
used univariable and multivariable logistic regression models
to determine the cross-sectional and longitudinal association
between ophthalmic parameters and falls, adjusting for age
and other potential confounders by calculating the odds ratio
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(OR) and their corresponding 95% CI. For the cross-sectional
model, we assessed the association between vision status and
reported falls in the same 2-year survey cycle, while for
the longitudinal model, we considered falls reported in the
subsequent 2-year survey cycle.

All variables with a P value of <.05 in the uni-
variable analyses (including age, sex, Hispanic ethnicity,
race, education, marital status, hypertension, diabetes, heart
disease, stroke, arthritis, smoking, alcohol status, psychiatric
medications, degree of exercise, and household income) were
included in multivariable logistic regression models. Separate
multivariable regression models were used to determine the
relationship between each ophthalmic parameter and falls and
serious falls. In addition, the association between the degree
of vision impairment and the number of falls was assessed
using a 1-way analysis of variance. All models were analyzed
using generalized estimating equations for multiple obser-
vations from the same participant and multiple imputation
techniques to replace the missing data. Data analysis was
done with IBM SPSS Statistics 22.0 for Microsoft Windows
and P values <.05 were considered statistically significant.

Results

Demographics of Study Sample

A total of 38,835 respondents contributed to 117,834
participant-observations (see Tables 1 and 2). The total
number of observations in which participants reported a
total of 40,477 falls and 13,471 serious falls. The weigh-
ted proportion of participants who reported any falls was
OR 379% (95% CI 37.7%-40.1%), while the proportion
reporting serious falls was OR 309% (95% CI 30.7%-
31.1%). Furthermore, the weighted proportion of participants
who experienced falls in the future was OR 36.5% (95% CI
35.8%-37.2%), and OR 32.5% (95% CI 32.2%-32.9%) for
future serious falls. Falls increased with older age, and over
half of those aged 90 years and older reported falling. The
proportion of falls qualifying as serious also increased with
age. White people had the highest fall rate, and a higher
proportion of falls and serious falls was observed in females
and individuals with lower levels of education. In total, 50%
of patients with a history of stroke reported falling, with
one-third of the falls being serious falls.

Table 1. Baseline characteristics of study participants comparing those who reported falls versus no falls (total number of participant-observations).

Participants with any self-reported falls

Participants with no self-reported falls

Characteristic (n=40477) (n=77357) P value
Total (%), OR? (95% CI) 379 (37.7-40.1) 62.1 (61.9-62.3) b
Age in years (%), OR (95% CI) <.001

65-69 28.5(28.2-28.7)
70-74 30.9 (30.5-31.4)
75-79 32.9(32.3-33.7)
80-84 379 (37.5-38.5)
85-89 44.8 (44.2-45.6)

71.5(712-71.9)
69.1 (68.6-69.7)
67.1 (66.5-67.8)
62.1 (61.6-62.9)
55.2 (54.8-55.9)
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Participants with any self-reported falls

Participants with no self-reported falls

Characteristic (n=40477) (n=77,357) P value
90+ 52.2(51.6-52.7) 47.8 (46.8-48.4)
Sex (%), OR (95% CI) <.001
Male 30.2 (29.8-30.8) 69.8 (69.2-70.3)
Female 35.7 (35.3-36.1) 64.3 (63.8-64.8)
Ethnicity (%), OR (95% CI) <.001
Hispanic 33.1 (31.8-33.9) 66.9 (65.8-67.9)
Non-Hispanic 34.7 (34.1-35.3) 65.3 (65.0-65.8)
Race (%), OR (95% CI) <.001
White 34.7 (34.1-35.3) 65.3 (64.3-66.4)
Black or African American 28.9 (28.0-29.9) 71.1 (70.1-72.0)
Others® 30.7 (29.9-31.8) 69.3 (68.6-70.1)
Education (%), OR (95% CI) <.001
<High school 35.1 (34.6-35.7) 64.9 (63.8-65.5)
High school degree 332 (32.8-33.5) 66.8 (65.8-67.2)
>High school degree 31.7 (31.1-32.3) 68.3 (67.8-68.8)
Marital status (%), OR (95% CI)
<.001
Married 61.0 (60.8-61.2) 39.0 (38.9-39.1)
Widowed, separated, or divorced 59.3 (59.0-59.8) 40.7 (40.2-41.3)
Never married 38.7 (38.2-39.2) 61.3 (60.9-61.7)
Comorbidities (%), OR (95% CI)
Hypertension 35.7 (35.2-36.1) 64.3 (63.5-64.8) <.001
Diabetes mellitus 39.7 (39.4-40.2) 60.3 (59.8-60.7) <.001
Heart 420 (41.6-42.5) 58.0 (57.5-58.5) <.001
Stroke 49.2 (48.3-50.0) 50.8 (50.3-51.5) <.001
Arthritis (%), OR (95% CI) 36.8 (35.9-38.0) 63.2 (61.9-64.1) <.001
Current smoking (%), OR (95% CI) 450 (44.3-46.0) 56.0 (54.9-57.1) <.001
Active alcohol drinking (%), OR (95% 55.2 (54.8-55.7) 44.8 (44.0-45.7) <.001
CI)
Psychiatric medication (%), OR (95% 62.1 (61.5-62.8) 37.9 (37.1-38.6) <.001
CI)
Vigorous exercise (%), OR (95% CI) 70.6 (70.0-71.2) 294 (28.8-29.7) <.001
Household income (US $), mean (95% 64,319.1 (56,172.2-71,816.3) 69,983.7 (45,562.1-73,805 .4) <.001

CI

40R: odds ratio.
bNot applicable.

®Other races: Asian, Latino, and Native American.

Table 2. Baseline characteristics of study participants comparing those who reported serious falls versus no serious falls (total number of participant-

observations).
Participants with any self-reported serious Participants with no self-reported serious falls
Characteristics falls (n=13,471) (n=27,006) P value
Total (%), OR? (95% CT) 30.9 (30.7-31.1) 69.1 (68.9-69.3) —b
Age in years (%), OR (95% CI) <.001

65-69
70-74
75-79
80-84
85-89

214 (213-21.5)
312 (31.0-31.4)
40.6 (40.2-40.9)
42.6 (42.1-43.0)
43.9 (43.0-44.7)

78.6 (78.3-78.8)
68.8 (68.4-69.1)
59.4 (59.0-59.8)
574 (56.9-57.9)
56.1 (55.7-56.6)
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Participants with any self-reported serious

Participants with no self-reported serious falls

Characteristics falls (n=13,471) (n=27,006) P value
90+ 39.9 (39.3-40.6) 60.1 (59.1-61.1)
Sex (%), OR (95% CI) <.001
Male 23.8(23.7-23.9) 76.2 (75.9-76.5)
Female 39.1 (38.9-39.4) 60.9 (60.3-61.5)
Ethnicity (%), OR (95% CI) <.001
Hispanic 26.9 (26.3-27.5) 73.1(72.4-73.9)
Non-Hispanic 31.8(31.2-324) 68.2 (67.6-68.8)
Race (%), OR (95% CI) <.001
White 35.8(35.2-36.3) 64.2 (63.7-64.8)
Black or African American 20.0 (19.6-20.5) 80.0 (79.7-80.4)
Others® 19.9 (19.1-20.8) 80.1 (79.6-80.9)
Education (%), OR (95% CI) <.001
<High school 31.9(31.3-32.7) 68.1 (67.5-68.6)
High school degree 34.1 (33.7-34.5) 65.9 (65.5-66.6)
>High school degree 269 (26.2-27.4) 3.1(72.7-73.6)
Marital status (%), OR (95% CI) <.001
Married 31.8(31.3-32.3) 68.2 (67.9-68.6)
Widowed, separated, or 32.8 (32.3-33.3) 67.2 (66.8-67.9)
divorced
Never married 17.8 (17.3-18.2) 82.2 (81.8-82.6)
Comorbidities (%), OR (95% CI)
Hypertension 32.8(32.2-33.7) 67.2 (66.9-67.6) <.001
Diabetes mellitus 32.3(31.9-33.6) 67.7 (67.0-68.3) <.001
Heart 350 (344-35.8) 65.0 (64.6-65.8) <.001
Stroke 35.6 (34.5-36.3) 64.4 (64.1-64.7) <.001
Arthritis (%), OR (95% CI) 33.3(33.3-34.3) 66.7 (65.9-66.9) <.001
Current smoking (%), OR (95% CI) 22.2(21.6-22.9) 77.8 (77.0-78.7) <.001
Active alcohol drinking (%), OR 28.6 (28.0-29.8) 714 (70.8-71.9) <.001
(95% CI)
Psychiatric medication (%), OR 35.1 (34.5-35.7) 64.9 (64.1-65.8) <.001
(95% CI)
Vigorous exercise (%), OR (95% 40.2 (39.4-40.9) 59.8 (59.1-60.6) <.001
CI)
Household income, mean (95% CI) 62,595.1 (53,582.5-70,419.8) 64,289.8 (58,925.3-69,643.1) <.001

30R: odds ratio.
bNot applicable.

®Other races: Asian, Latino, and Native American.

associated with the fall. Of the participants with poor distant
) . and near vision, 53.2% (95% CI 52.7%-54.1%) and 50.2%
Higher rates of any type of falls and serious falls were (95% CI 49.9%-50.6%) reported falls, respectively, and over
observed with worse eyesight (see Tables 3 and 4). Approx- a third of the falls were serious. In addition, falls were

imately half of the participants who reported poor vision reported by 39.6% (95% CI 38.8%-40.5%) of those who
or blindness also reported falling, while 42.8% (95% CI = ateq they had glaucoma.

38.3%-46.7%) of those with blindness had serious injuries

Ophthalmic Parameters and Falls

Table 3. Ophthalmic parameters of the study sample between patients who reported falls and no falls (total number of participant-observations).

Participants with any self-reported falls Participants with no self-reported falls
Characteristic (n=40477), OR? (%), (95% CI) (n=77,357), OR (%), (95% CI) P value
Overall 37.9 (37.7-40.1) 62.1 (61.9-62.3) —b
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Characteristic

Participants with any self-reported falls
(n=40477), OR* (%), (95% CI)

Participants with no self-reported falls

(n=77357), OR (%), (95% CI)

P value

Overall eyesight
Excellent
Very good
Good
Fair
Poor
Blind

Distance vision
Excellent
Very good
Good
Fair
Poor

Near vision
Excellent
Very good
Good
Fair
Poor

Glaucoma

Yes
No

28.7(28.3-29.7)
29.1 (28.8-29.5)
322 (32.0-32.5)
38.9 (38.1-40.5)
51.1 (50.7-51.4)
48.3 (46.9-49.9)

292 (28.1-30.0)
29.8 (28.8-30.8)
32.8 (31.8-33.8)
41.8 (41.0-42.9)
53.2(52.7-54.1)

28.8 (28.3-30.0)
29.8 (29.1-30.5)
322 (32.1-33.0)
40.2 (39.7-41.0)
50.2 (49.9-50.6)

39.6 (38.8-40.5)
32.8(32.0-33.8)

713 (69.7-71.9)
70.9 (70.1-71.8)
67.8 (66.9-68.8)
61.1 (59.7-63.1)
48.9 (47.6-49.7)
51.7 (49.1-54.1)

70.8 (69.4-71.9)
702 (69.2-71.2)
67.2 (66.2-67.9)
58.2 (56.8-59.3)
46.8 (44.9-47.8)

712 (69.8-71.9)
70.2 (69.3-70.9)
67.8 (66.7-68 4)
59.8 (58.5-60.8)
49.8 (47.9-51.1)

60.4 (58.5-62.2)
67.2 (66.4-69 .0)

<.001

<.001

<.001

<.001

30R: odds ratio.
bNot applicable.

Table 4. Ophthalmic parameters of the study sample between patients who reported serious falls and no serious falls (total number of participant-

observations).

Characteristic

Participants with any self-reported serious falls
(n=13471), OR* (%), (95% CI)

Participants with no self-reported serious falls

(n=27,006), OR (%), (95% CI)

P value

Overall
Overall eyesight
Excellent

Very good
Good
Fair
Poor
Blind
Distance vision
Excellent
Very good
Good
Fair
Poor
Near vision
Excellent
Very good
Good

30.9 (30.7-31.1)

69.1 (68.9-69.3)

b

<.001

31.7 (30.1-33.7)
30.8 (29.6-31.7)
31.7 (30.5-33.0)
33.3 (32.3-34.8)
37.9 (36.8-39.6)
428 (38.3-46.7)

30.1 (29.7-32.4)
31.7 (30.4-33.3)
31.8 (29.9-32.7)
34.8 (33.5-36.2)
39.1 (37.9-41.2)

31.6 (30.5-32.6)
31.2 (30.7-32.9)
32.6 (31.4-33.8)

68.3 (65.3-69.9)
69.2 (67.4-70.2)
68.3 (67.0-69.7)
67.7 (65.1-69.1)
62.1 (60.4-64.3)
572 (51.3-63.3)

69.9 (67.6-71.4)
68.3 (66.7-69.5)
68.2 (67.3-69.2)
65.2 (63.0-66.6)
60.9 (58.4-62.0)

68.4 (66.4-69.2)
68.8 (67.1-69.8)
67.4 (67.3-68.9)

<.001

<.001
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Participants with any self-reported serious falls

Participants with no self-reported serious falls

Characteristic (n=13471), OR* (%), (95% CI) (n=27,006), OR (%), (95% CI) P value
Fair 342(33.5-35.9) 65.8 (63.1-67.6)
Poor 38.6 (37.6-40.6) 61.4(59.4-63.1)
Glaucoma <.001
Yes 37.2 (354-39.5) 62.8 (60.3-64.8)
No 32.3(32.1-334) 67.7 (65.7-68.9)
30R: odds ratio.
bNot applicable.

Cross-Sectional Analysis

Cross-sectionally, vision impairment was associated with
higher odds of falls: impaired overall eyesight (aOR 1.36,
95% CI 1.20-1.56; P<.001), impaired distance vision (aOR
137, 95% CI 1.32-142; P<.001), and impaired near
vision (aOR 1.33, 95% CI 1.27-1.37; P<.001) all confer-
red significantly increased odds of falls after adjusting
for confounding factors (see Table 5 and Figure 1). The
odds of serious falls increased in impaired overall eyesight

with adjusted ORs of 1.20 (95% CI 1.03-1.44; P<.001),
while having overall eyesight qualifying as legal blindness
increased the odds of falls (aOR 1.32, 95% CI 1.26-1.37;
P<001) and serious falls (aOR 1.16, 95% CI 1.03-1.21;
P<.001) compared to not having impaired vision. Self-repor-
ted glaucoma increased the adjusted odds of falls (aOR 1.15,
95% CI 1.07-1.24; P<.001) and serious falls (aOR 1.15, 95%
CI 1.05-1.26; P<.001).

Table 5. Cross-sectional model showing the association between falls and ophthalmic parameters.

Type of falls OR? (95% CI) P value Adjusted OR (95% CI)b P value
Falls
Overall eyesight
Not impaired Ref® Ref Ref Ref
Impaired 1.60 (1.52-1.73) <.001 1.36 (1.20-1.56) <.001
Blind 2.03 (1.83-2.44) <.001 1.32 (1.26-1.37) <.001
Impaired distance vision 1.78 (1.70-1.89) <.001 1.37 (1.32-1.42) <.001
Impaired near vision 1.89 (1.69-1.99) <.001 1.33 (1.27-1.37) <.001
Glaucoma 1.33(1.27-141) <.001 1.15(1.07-1.24) <.001
Serious falls
Overall eyesight
Not impaired Ref Ref Ref Ref
Impaired 123 (1.11-1.31) <.001 1.20 (1.03-1.44) 045
Blind 1.49 (1.24-1.89) <.001 1.16 (1.03-1.21) 005
Impaired distance vision 1.22 (1.19-1.27) <.001 1.14 (1.07-1.22) 007
Impaired near vision 1.21 (1.14-1.29) <.001 1.12 (1.05-1.18) <.001
Glaucoma 1.24 (1.12-1.33) <.001 1.15 (1.05-1.26) 004

40R: odds ratio.

bAdjusted for age, sex, Hispanic ethnicity, race, education, marital status, hypertension, diabetes, heart disease, stroke, arthritis, smoking, alcohol,
activity, psychiatric medication, vigorous activities, and household income.

CReference.

https://aging.jmir.org/2025/1/e68771

JMIR Aging 2025 | vol. 8 | e68771 | p. 7
(page number not for citation purposes)


https://aging.jmir.org/2025/1/e68771

JMIR AGING

Seresirikachorn et al

Figure 1. Forest plot illustrating the association between falls and ophthalmic parameters, based on a cross-sectional multivariable model using

generalized estimating equations.
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Longitudinal Analysis

In the longitudinal analysis of the association between
ophthalmic parameters with falls and serious falls, impaired
overall eyesight, impaired distance vision, impaired near
vision, and self-reported glaucoma all increased the odds
of future falls with an OR of 1.23 (95% CI 1.16-1.29;
P<001), 1.27 (95% CI 1.20-1.38; P<.001), 1.23 (95% CI
1.19-1.32; P<.001), and 1.25 (95% CI 1.13-1.37; P<.001),

respectively (see Table 6 and Figure 2). Impaired overall
eyesight, distance vision, and near vision also increased the
risk of serious falls in the subsequent 2 years with an OR of
1.18 (95% CI 1.05-1.23; P<.001), 1.13 (95% CI 1.04-1.21;
P<.001), and 1.15 (95% CI 1.07-1.22; P<.001), respectively.
There was no association between self-reported glaucoma and
the odds of future serious falls (P=.32).

Table 6. Longitudinal model showing the association between falls and ophthalmic parameters.

Type of falls OR? (95% CI) P value Adjusted OR (95% CI)b P value
Falls
Overall eyesight
Not impaired Ref® Ref Ref Ref
Impaired 1.59 (1.53-1.67) <.001 1.23 (1.16-1.29) <.001
Blind 2.03 (1.65-2.68) <.001 1.53 (1.14-2.07) 005
Impaired distance vision 1.73 (1.63-1.88) <.001 1.27 (1.20-1.38) 001
Impaired near vision 1.69 (1.63-1.75) <.001 1.23 (1.19-1.32) <.001
Glaucoma 1.40 (1.23-1.52) <.001 1.25 (1.13-1.37) <.001
Serious falls
Overall eyesight
Not impaired Ref Ref Ref Ref
Impaired 1.17 (1.10-1.23) <.001 1.18 (1.05-1.23) <.001
Blind 145 (1.17-1.93) <.001 1.31 (1.04-1.66) 046
Impaired distance vision 1.20 (1.13-1.26) <.001 1.13 (1.04-1.21) 004
Impaired near vision 1.19 (1.13-1.26) <.001 1.15(1.07-1.22) <.001
Glaucoma 1.15(1.13-1.17) 039 1.03 (0.89-1.15) 32

40R: odds ratio.

bAdjusted for age, sex, Hispanic ethnicity, race, education, marital status, hypertension, diabetes, heart disease, stroke, arthritis, smoking, alcohol,
activity, psychiatric medication, vigorous activities, and household income.

CReference.
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Figure 2. Forest plot illustrating the association between falls and ophthalmic parameters, based on a longitudinal multivariable model using

Generalized Estimating Equation.
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Analysis Between Mean Number of Falls
and Eyesight

The mean number of falls was associated with the degree of
self-reported vision impairment (see Table 7). The level of
eyesight reported in the questionnaire was associated with the
reported number of falls in the same survey cycle as well
as the subsequent cycle (P<.001 for both). Approximately

2.57 (SD 4.58) falls per person who fell were observed in
the group with excellent current eyesight compared to 3.70
(SD 5.33) for those with poor reported vision. Similarly,
self-reported excellent overall eyesight had an average of
2.78 (SD 4.17) falls per person while poor overall eyesight
had approximately 3.65 (SD 5.40) falls per person in the
subsequent cycle.

Table 7. The association of the degree of visual impairment and mean number of falls.

Degree of impairment Excellent Very good Good Fair Poor P value
Cross-sectional, mean (SD)

Overall eyesight 2.57 (4.58) 2.58 (3.84) 2.74 (4.05) 3.15(4.59) 3.70 (5.33) <.001

Distal eyesight 2.66 (4.16) 2.70 (4.04) 2.79 (4.05) 3.34 (4.94) 3.73 (5.26) <001

Near eyesight 2.59 (3.86) 2.65 (4.23) 2.77 (4.04) 3.2 (4.52) 3.88 (5.79) <001
Longitudinal, mean (SD)

Overall eyesight 2.78 (4.17) 2.71 (4.10) 2.84 (4.18) 3.19 (4.72) 3.65 (5.40) <001

Distal eyesight 2.74 (4.13) 2.75(3.95) 293 (4.40) 327 (4.89) 3.59(5.08) <.001

Near eyesight 2.66 (3.92) 272 (4.01) 291437 328 (4.92) 3.62 (5.10) <.001
Discussion Comparison With Previous Studies

Many population-based studies have found associations

Pri incipal Findings between self-reported vision impairment and falls. The

In this large and diverse longitudinal population-based study
of older adults, poor vision, including both distance and near
vision, increased the odds of falling, and more severe vision
loss was related to the number of falls. We additionally found
that the presence of self-reported glaucoma was associated
with falls.

https://aging.jmir.org/2025/1/e68771

Survey of Health, Ageing, and Retirement in Europe
(SHARE) study found that self-reported distance and near
vision impairment were cross-sectionally and longitudinally
associated with increased risk of falls [21]. The Beaver Dam
Eye Study reported that people with worse binocular acuity
had higher odds of 2 or more falls [12], while the EPIC-Nor-
folk eye study found significant associations between poor
self-reported distance vision and falls independent of visual
acuity [20]. Similarly, we demonstrate here that the pres-
ence of visual impairment, including overall eyesight, near
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vision, and distance vision, is all associated with significantly
increased odds for falls and severe falls in both our cross-
sectional and longitudinal analyses. Our results suggest that
self-reported visual status is predictive of falls and serious
falls.

Importantly, the degree of self-reported visual impairment
was associated with the number of falls even after adjusting
for potential confounders. When looking at the mean number
of falls that occur per person for each level of reported vision,
we found that though people with excellent vision had falls,
the number increased significantly as vision worsened, with
those with blindness having the highest risk of falls. This
is true for both falls that occurred 2 years before and those
that occurred in the following 2 years of the reported vision
and does not take into account the fact that blindness likely
reduces the number of steps taken.

This study also subclassified falls as serious based on
whether a fall had any associated injuries requiring medi-
cal treatment. The incidence of serious falls increased with
age and deterioration of eyesight, and we found the risk
factors for falls and serious falls to be similar. Other studies,
including a Finnish population-based study, have examined
risk factors of major injurious falls and similarly found poor
distant visual acuity to be a risk factor for major falls among
disabled elder adults [22].

Visual input plays a critical role in coordinating and
planning movement, as well as maintaining balance [23].
Individuals with poor vision are more likely to lose stability,
alter their gait to avoid obstacles, and ultimately increase
their risk of slips, trips, and falls [24]. Our study differs from
previous research in this area, which has largely relied on data
from previous falls and visual function assessments. By using
self-reported data, our research offers a fresh perspective and
highlights the potential of self-reported visual function data as
a predictive tool for falls risk.

We also found that glaucoma is a risk factor for seri-
ous falls resulting in injury despite the fact that our defini-
tion of glaucoma was imperfect (based on self-report only).
Any nondifferential misclassification in diagnosing glaucoma
would have driven our associations toward the null, and this
implies that the associations found were real and may have
been underestimated. Previous studies have also reported
glaucoma as an independent risk factor for falling [13].
Glaucoma severity has been reported as a risk factor for falls,
with advanced glaucoma patients having the highest risk of
falls compared to controls with no glaucoma and mild or
moderate glaucoma [25]. While central vision and, therefore,
visual acuity are often preserved in glaucoma until severe
stages of disease, glaucoma patients experience changes in
multiple other aspects of vision, including VF loss, decrease
in contrast sensitivity, and loss of depth perception. All
these visual measures have been shown to independently
increase the risk of falling [13,14,26]. Indeed, the Salisbury
Eye Evaluation found that loss in peripheral VF is a more
important risk factor for falls than loss of central VF [14].
Patients with glaucoma may experience one or all visual
deficits simultaneously, further increasing the risk of falling.

https://aging.jmir.org/2025/1/e68771
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Studies have suggested various interventions to reduce
the risk of falls, including mobility training, vision interven-
tions to improve vision (eye examinations, cataract surgery,
and prescription glasses) [27], risk factor assessment, and
environmental modifications to make living environment
less hazardous [28]. Visual impairment leads to physical
impairment of mobility and balance control, increasing the
risk of falls [29]. Glaucoma initially affects peripheral vision
through retinal nerve fiber layer loss, which is associated with
decreased postural stability; therefore, glaucoma patients may
benefit from mobility training to reduce falling risks [30,31].

Clinical Implications

Our results provide evidence to support the development
of multifaceted fall prevention strategies. Specifically, our
findings suggest that self-reported vision screening could be
a valuable tool in identifying individuals at risk of falls.
This screening could be easily integrated into telemedicine
platforms or incorporated into standard clinical guidelines.
Furthermore, we propose the development of a simple,
score-based questionnaire that can be used to predict falls risk
in older adults. Those with higher scores could be targeted for
earlier intervention, thereby reducing their risk of falls.

Limitations

There were several limitations to our study. All data used
in this study were from self-reported questionnaires adminis-
tered every 2 years and are susceptible to recall bias and
recall error. Specifically, participants may have difficulty
recalling their visual function or falls history, which could
lead to inaccurate reporting. In addition, while self-reported
visual function has been shown to correlate closely with
objective visual function, it is also understood as a multi-
dimensional measure that reflects some, but not all com-
ponents of vision [19]. Since no eye examinations were
done and objective visual function was not measured, we
cannot determine which visual components contributed to
participants’ self-reported visual function. This study is also
limited by the specific questions collected as part of the
HRS study. No questions were asked about the other leading
causes of blindness and visual impairment in this older adult
population, such as age-related macular degeneration and
other neurological conditions that could affect falls, such
as Parkinson disease, dementia, or epilepsy. Finally, we
could not explore other known vision-related risk factors
for falls such as contrast sensitivity, VF deterioration, depth
perception, and stereoacuity [26]. Nonvision factors such
as cognitive ability, balance, motor control, and degree of
mobility, which are known to be associated with falls, were
not evaluated since they were not included in the question-
naire. The omission of these factors may limit the generaliza-
bility of our findings and highlights the need for future studies
to incorporate a more comprehensive set of measures.

Conclusions

Our analysis of data from a large, longitudinal national survey
of older adults demonstrated that vision-related risk factors,
particularly the presence and degree of visual impairment and
glaucoma, increase the rate of falls and serious falls. We
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additionally show that self-reported vision status correlates in older adults to identify individuals at the highest risk of
with the number of fall events both at the time of and falling who might most benefit from fall prevention interven-
occurring after the survey date. Our results support screening  tions.

for the presence of visual impairment and signs of glaucoma
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