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Abstract
Objective—To evaluate central and peripheral visual impairment as independent risk factors for
falls and falls with injury among adults.

Design—Population-based prospective cohort study.

Participants—A total of 3,203 LALES participants.

Methods—Baseline presenting binocular central distance acuity was measured and impairment was
classified as mild (20/40–20/63), moderate/severe (20/80 or worse). Peripheral visual impairment
was classified as mild (−6dB<mean deviation<−2dB in worse eye), moderate/severe (mean
deviation≤−6dB in worse eye).

Main outcome measures—Falls and falls with injury in the past 12 months were assessed by
self-report at 4-year follow-up visit.

Results—Out of 3,203 individuals, 19% reported falls and 10% falls with injury; participants with
falls were more likely to: be ≥ 60 years of age, be female, report lower income, have more than two
co-morbidities, report alcohol use, report wearing bifocal glasses and report obesity. Among those
who reported falls, 7% had central visual impairment (visual acuity≥20/40) compared to 4% who
did not report falls; and 49% had peripheral visual impairment (mean deviation<−2dB) compared to
39% of those who did not report falls (both p-values<.0001). After adjusting for confounders,
moderate to severe central and peripheral visual impairment were associated with increased risk for
falls (odds ratio 2.36 95% confidence interval 1.02–5.45, p-trend= .04 and odds ratio 1.42 95%
confidence interval 1.06–1.91, p-trend= .01, respectively) and with falls with injury (odds ratio 2.76
95% confidence interval 1.10–7.02, p-value= .03, and odds ratio 1.40 95% confidence interval .94–
2.05, p-trend= .04, respectively).
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Conclusion—Both central and peripheral visual impairment were independently associated with
increased risk for falls and falls with injury in a dose-response manner. Although vision related
interventions for preventing falls have mainly focused on correcting central visual impairment, this
study suggests that targeting both central and peripheral components may be necessary to reduce
rates of falls and falls with injury related to vision loss effectively.

Falls and falls with injury are common and serious preventable problems faced by older adults.
It is estimated that 35 to 40% of healthy, community dwelling individuals, over the age of 65
fall each year. 1, 2 Approximately 50% of individuals that fall report some degree of injury,
and 7 to 18% require medical attention. 3, 4 Notably, falls are a common cause of hospital
admissions for trauma and account for almost 90% of fractures. 5

Vision impairment together with gait deficit and muscle weakness are among the most
important clinical risk factors associated with falls. 6 However, prospective studies evaluating
the association of specific measures of visual impairment with increased risk of falls and falls
with injury have shown inconsistent results. 7 For example, several studies have found that
impaired visual acuity increases the risk of falls 8, 9 and falls with injury 10, 11, while others
have not. 12, 13 Similarly, various studies have shown that deficits in visual field increase the
risk of falls 12, 14–16 while another studies showed no association with falls. 13 Interestingly,
limited information on the independent effects of central visual acuity and peripheral visual
fields on falls and falls with injury is available.

The Los Angeles Latino Eye Study (LALES), a large population-based cohort study, offers a
unique opportunity to further evaluate the relationship between measures of central and
peripheral visual impairment and risk of falls or falls with injury among adults, specifically of
Latino ethnicity. Although the frequency of falls in Latino adults has been previously reported
as 41% for adults between 59 to 75 years of age, 17 little is known about the impact of visual
impairment on falls and falls with injury in this major growing minority group in the United
States. 18

Methods
Data for this analysis were collected as part of LALES, a population-based longitudinal study
of eye disease in Latinos living in Los Angeles, California, who were 40 years of age and older
at the time of study enrollment. Details of the study design and data collected have been
described previously. 19 Briefly, a census of all residential households in six census tracts in
La Puente was completed to identify individuals eligible to be included in the study. Eligibility
included Latino (self-described) men and women who were residing in any of the six census
tracts at the time of enrollment. Eligible participants were given a verbal and written description
of the study and invited to participate in a baseline home interview, a clinic examination
between February 2000 and May 2003 and a 4 year follow-up visit between 2004 and 2008.
Demographic and socioeconomic characteristics of participants were similar to those of Latino
population in the United States.19 All study procedures adhered to the principles outlined in
the Declaration of Helsinki for research involving human subjects. Institutional Review Board
Committee approval was obtained from the University of Southern California Institutional
Review Board.

Socio-demographic and clinical data
A brief home interview was completed after informed consent was obtained, which included
information on demographics, history of ocular conditions, access to health care, health
insurance coverage for eye care, degree of acculturation and measures of general and vision-
specific quality of life. Operational definitions for these variables were similar to those
described in the Hispanic Health and Nutrition Examination Survey. 20 In addition, twelve
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self-reported medical conditions were measured by a systematic co-morbidity summation
score, including the following: diabetes mellitus, arthritis, stroke or brain hemorrhage, high
blood pressure, angina, heart attack, heart failure, asthma, skin cancer, other cancer, back
problems, and deafness or hearing problems. Acculturation was measured by the short-form
Cuellar Acculturation Scale 21 with scale scores ranging from one to five, with five
representing the highest level of acculturation. General health related quality of life (HRQOL)
was measured with the Medical Outcomes Study 12-item Short-Form Health Survey. 22 Data
from the SF-12 were used to calculate the standard US norm-based SF-12 Physical Component
Summary (PCS) and Mental Component Summary (MCS) scores; higher PCS and MCS scores
represent better HRQOL. 23 Vision-targeted HRQOL was assessed by the National Eye
Institute Visual Function Questionnaire (NEI VFQ-25); higher scores representing better
vision HRQOL. 24, 25

Visual Impairment Measures: Baseline central visual impairment and peripheral visual
impairment

At the study clinic, trained ophthalmologists and technicians used standardized protocols to
perform ocular examination to assess measures of central and peripheral impairment.

Central Visual Impairment: presenting binocular central distance acuity for each participant
was measured with the presenting correction (if any) at 4 meters with modified Early Treatment
Diabetic Retinopathy Study distance charts transilluminated with the chart illuminator
(Precision Vision, La Salle, Illinois, USA). Presenting binocular central distance acuity was
scored as the total number of letters read correctly and converted to a logarithm of the minimum
angle of resolution score (logMAR).

Peripheral Visual Impairment: visual field testing was completed to assess participant’s ability
to detect objects in the periphery of their visual environment. Testing was performed separately
in each eye with the Humphrey Automated Field Analyzer II (Swedish Interactive
Thresholding Algorithm [SITA] Standard 24-2 program) (Carl Zeiss Meditec, Dublin,
California, USA) and repeated for any abnormal results; results of the second test were recorded
and qualitatively confirmed as peripheral visual impairment by two ophthalmologists.

Primary Outcomes: Recent falls and injury from falls
The following questions were asked during the in clinic interview at the 4 year follow-up visit
to obtain data pertinent to falls and injury: “Have you had any fall in the past 12 months?” (yes/
no) 26, “As a result of this fall or falls, did you suffer any injury?” (yes/no), “What type of
injury or injuries did you suffer?” (bruise, cuts and/or scratches/broken wrist, broken rib,
broken hip, other, specify).

Statistical Analysis
Means and proportions were used to describe the study population. Frequency of each covariate
(age, gender, income, health insurance, vision insurance, alcohol use, body mass index, co-
morbidities and use of bifocal glasses) were compared across history of recent falls and falls
with injury using the test for trend. Spearman’s correlation coefficient was used to test for the
correlation between central and peripheral visual impairment.

To test for possible non-linear relationships between central and peripheral vision loss and falls
we used lowess smoothing techniques, likelihood ratio tests and fractional polynomials and
found no substantial departure from linearity. Therefore, we modeled both central and
peripheral visual impairment variables as categorical by severity levels. Central visual
impairment was categorized based on the presenting binocular central distance acuity: normal
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(<20/40 in both eyes), mild impairment (between 20/40 and 20/63), and moderate/severe
impairment (20/80 or worse) as recommended by the World Health Organization 27. Peripheral
visual impairment was categorized into three levels: normal (MD≥ −2 dB in both eyes), mild
(−6 dB <MD<−2 dB in the worse eye), moderate/severe (MD≤−6dB in the worse eye based
on previously reported work. 28–30 Moderate and severe categories for both central and
peripheral visual impairment were collapsed due to unstable sample sizes.

Unconditional multiple logistic regression was used to evaluate the association between central
and peripheral visual impairment with falls and falls with injury after adjusting for confounders
(age, gender, and number of co-morbidities). Other potential baseline covariates were
considered for multivariable models such as income, health insurance, vision insurance,
alcohol use, body mass index and use of bifocal glasses, but were excluded from the final
models as they did not substantially change main effect estimates. Covariates that changed the
beta coefficients ≥10% were retained in multivariable models. 31 Standard testing for
collinearity (Tolerance and Variance Inflation Factor) showed that collinearity in the
multivariable model did not affect the estimates. Odds ratios with 95% confidence intervals
(CI) are reported. Two-sided p-values for individual variable categories and test for trends
using the likelihood ratio test were calculated. Trend tests were done by assigning ordinal scores
to variables and modeling as them as a continuous term.

To evaluate goodness of fit of the multivariable model we used the Hosmer and Lemeshow
chi square goodness of fit test and found no statistically significant departure from fit (LRT
4.02 on 8 df, p-value= .86 and LRT 3.82 on 8 df, p-value= .87 for falls and falls with injury,
respectively). Standard procedures were used for logistic regression model diagnostics 32 and
we found no substantial deviation from goodness of fit.

To identify whether the risk of falling associated with central visual impairment was modified
by peripheral visual impairment, we fit an unconditional logistic regression model containing
a multiplicative interaction term. To test for statistical significance of the central-peripheral
vision loss interaction term, we used the likelihood ratio test to compare models with and
without the interaction term adjusted for age, gender and comorbidities.

All analysis were performed using STATA 9.2 (College Station, Texas, USA).

Results
Of the 7,789 eligible participants identified for LALES, 6,357 (82%) completed an ophthalmic
examination at baseline. At the 4-year follow-up evaluation, 4,654 (73%) completed the
clinical examination and 3,720 completed both the clinical and ophthalmic examination. The
current analysis is restricted to 3,203 participants with complete information on recent falls
and falls with injury, measures of visual impairment and covariates. The falls with injury
models have 2 less participants (n=3,201) than the falls model (n=3,203) due to missing
information for injury.

The mean age of this Latino adult population was 54 years at baseline (standard deviation=10),
ranging from 40–93 years. The majority of participants were female (59%), had an annual
income less than $20,000 (53%), and on average had 1.5 co-morbidities. Table 1 shows the
frequency of demographic variables and covariates by falls and falls with injury status.
Compared to those who did not report falls or falls with injury, individuals who did were
statistically significantly older (≥ 60 years of age), more likely to be female, of lower annual
income, more likely to report alcohol use, likely to report more co-morbidities, report wearing
bifocal glasses and more likely to be obese. Additionally, individuals who reported falls and
falls with injury had worse median composite NEI-VFQ HRQOL scores [(falls “no”= 92 vs.
“yes”= 88; p-value=<0.001); (falls with injury “no”= 91 vs. “yes”= 88; p-value=<.0001)];
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worse median SF-12 physical component scores [(falls “no”= 50 vs. falls “yes”= 42; p-value=<.
0001); (falls with injury “no”= 50 vs. falls with injury “yes”= 40; p-value=<.0001)]; and worse
median SF-12 mental component scores [(falls “no”= 56 vs. falls “yes”= 52; p-value=<.0001),
(falls with injury “no”= 56 vs. falls with injury “yes”= 50; p-value=<.0001)]. There were no
differences in acculturation scores between those who reported falls or falls with injury
compared to those who did not (all groups 1.5, p-value for falls = .80 and for falls with injury
p-value= .21).

At follow-up, 19% (621/3202) reported falls and 10% (306/3201) falls with injury. Among
those who fell, 49% (306/621) reported injury of the following types: bruise (62%), cuts or
scratches (39%), broken wrist (4%), broken rib (3%), or broken hip (1%) with some individuals
reporting more than one type of injury. At baseline, 4% of the cohort had central visual
impairment (≥20/40 in both eyes) while 41% had peripheral visual impairment (mean
deviation< −2 dB in the worse eye) which is consistent with a previous LALES publication.
29 A substantial percentage of visual impairment diagnosed at baseline was already present in
cohort members who were less than 60 years of age (43% of central visual impairment and
61% of peripheral visual impairment).

The correlation between central and peripheral vision impairment was modest and statistically
significant (Spearman’s rho= −.27, p-value=<.0001).

Among those who reported falls, 7% had central visual impairment compared to 3.5% who did
not (p-value<.0001); and 49% had peripheral visual impairment compared to 39% who did not
report falls (p-trend<.0001). Similarly, 6% of those who reported falls with injury had central
visual impairment compared to 4% who were not injured (p-trend= .006); and 51% had
peripheral visual impairment compared to 40% who did not report falls with injury (p-trend<.
0001). The proportion of falls and falls with injury was higher in those with increasing severity
of central and peripheral vision impairment compared to those with no impairment, all p-trends
<.007, (Figure 1).

Age-adjusted models showed that central visual impairment (≥ 20/40) and peripheral visual
impairment (mean deviation < −2 dB) were both significantly and independently associated
with increased risk of falls while only peripheral visual impairment was associated to falls with
injury, (Table 2).

In multivariable models including both vision variables, age, gender and co-morbidities, we
found that central and peripheral visual impairment were associated with increased risk of falls
and falls with injury, (Table 2). Compared to individuals without central visual impairment,
individuals who had moderate to severe impairment were 2.36 (95% Confidence Interval 1.02–
5.45) times as likely to have reported a fall (p-trend=0.04) and 2.76 (95% Confidence Interval
1.10–7.02) times as likely to have reported falls with injury (p-value for moderate/severe
category = .03). Similarly, compared to individuals without any peripheral visual impairment,
those with moderate to severe impairment where 1.42 (95% Confidence Interval 1.06–1.91)
times as likely to report falls (p-trend= .01) and 1.40 (95% Confidence Interval .94–2.05) times
as likely to report falls with injury (p-trend= .04).

There was no evidence that peripheral visual impairment modified the association between
central vision impairment and increased risk of falls or falls with injury, (p-value for
interaction= .75 and .78, respectively).

Discussion
In this population-based prospective cohort study of Latino adults we showed that both central
and peripheral visual impairment were associated with increased risk of falls and falls with
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injury independent of each other, age, gender and co-morbidities. Impairment in central vision
increased the risk of falls 2.4 times and falls with injury 2.8 times, while peripheral vision loss
increased their risk by 1.4 fold, for both outcomes. Furthermore, the risk of falls and falls with
injury increased as the severity of both measures of visual impairment worsened, suggesting
a dose-response relationship. In this cohort, the majority of individuals diagnosed with central
vision impairment concomitantly had peripheral vision impairment (70%) while only 7% of
those with peripheral vision impairment had central vision impairment. Altogether these data
strongly suggest that correcting for central vision loss alone may be insufficient to effectively
decrease the rates of falls and falls with injury due to vision impairment. Given that, once
installed, peripheral visual impairment is mostly irreversible, identifying measures to prevent
its development and or progression are warranted. On the other hand, patients may benefit by
learning about the additive effect of having losses in both central and peripheral vision on the
increased risk of falls when they are counseled about preventing falls by their clinicians.

Vision and the ability to respond to visual cues are important factors that aid individuals in
avoiding falls and falls with injury. Deficits in central and peripheral vision can both produce
incorrect sensory inputs through misjudgments of distances and/or misinterpretations of spatial
information such as the correct nature of a ground surface, moving stimuli (congested
pedestrian/vehicular traffic), or a shadow. 7 The visual system also plays a vital role in helping
an individual retain balance while standing still and while moving; 33 and poor balance has
been linked to falls and falls with injury. 34, 35 In a recent cross-sectional study both central
and peripheral visual impairment were shown to increase the risk of poor balance after
controlling for age, gender, race, BMI and number of co-morbidities; 36 however, after
including all vision variables (e.g. visual acuity, visual field loss, and contrast sensitivity) in
the multivariable model, only peripheral visual field remained statistically significant.
Peripheral visual impairment has also been associated with increased risk of tripping over
obstacles independent of age, gender, and race. 37

This is the first study to show the independent effect of central and peripheral vision impairment
on the increased risk of falls and falls with injury. Contrary to most studies, we included both
measures of visual impairment in our multivariable models because peripheral visual field loss
negatively confounded the relationship between central visual acuity and falls towards the null
by 40% in the moderate/severe category as did central visual acuity on the relationship between
peripheral visual field loss and falls by 11% in the moderate/severe category. Thus, by not
including both measures of vision in our models we would have overestimated their effects on
our two outcomes.

Previous longitudinal studies have not consistently found associations between central visual
acuity or peripheral vision loss and falls. In 2007, a report from the Salisbury cohort showed
that falling was associated with binocular visual field loss but not with presenting visual acuity,
contrast sensitivity or stereo deficiency. 12 This study was smaller (n=2,375) than the LALES
population, participants in the Salisbury cohort were older (mean 75.3 ± 5.3 years); largely
non-Hispanic white and falls were evaluated prospectively using diaries. Furthermore,
multivariable models did not adjust for other components of vision loss. However, prior results
from this same cohort 13 using a predictive model, showed no association with any of the two
vision measures when falls were evaluated retrospectively, as in our study. Our results are
consistent with other longitudinal studies that have found that both measures of visual
impairment are associated with falls 38 or have found that either visual acuity 8, 39 or visual
field loss 9, 14, 16 are associated to falls and falls with injury.

Preventive interventions targeting risk factors for falls and falls with injury have mostly been
conducted among adults over the age of 6540. While some interventions that included vision
loss correction among this age group have shown a statistically significant reduction in falls,
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41, 42 others have not. 43, 44 Although falls and falls with injury are predominately a problem
in the elderly, deficits in central and peripheral vision can occur in all age groups. A substantial
proportion of visual impairment was present in this cohort before the age of 60 (43% of central
visual impairment and 61% of peripheral visual impairment) when they individuals are not yet
at higher risk of falling or having an injury from falls, compared to those over the age of 60.
These results suggest that individuals who are approaching ages of increased risk for falls, may
benefit by the implementation of interventions such as exercise, withdrawal of psychoactive
medication and home-adjustments, known to reduce the rate of falls 7 early on (40–59 years
of age) when other important risk factors for falls and falls with injury such as co-morbidities
or poly pharmacy are not present.

Although it was not the intention of this paper to develop a predictive model for falls and falls
with injury, interestingly, our data show that use of bifocals and being obese were statistically
significant risk factors for both falls outcomes in univariable models. These covariates were
not included in the multivariable model due to lack of confounding effect on the relationship
between vision variables and our outcomes. However, in a separate multivariable model,
bifocal use was no longer statistically significantly associated to falls or falls with injury, after
adjusting for age, gender and co-morbidities (Odds Ratio 1.21 95% Confidence Interval .99–
1.5, p-trend= .06 and Odds Ratio 1.17 95%m Confidence Interval .89–1.53, p-trend= .26,
respectively). Although multifocal glasses have been shown to increase the risk of falls45, the
population in this study was on average older (76.5 ± 5.1 years), had a higher prevalence of
use of multifocal glasses, and of falls, thus most likely represents a different population than
the LALES participants. On the other hand, obesity was statistically significantly associated
to falls and falls with injury after adjusting for age and gender (Odds Ratio 1.37 95%
Confidence Interval I 1.00–1.87, p-trend <.0001 and Odds Ratio 1.64 95% Confidence Interval
1.04–2.58, p-trend= .0008, respectively) in our study which is consistent with previous reports.
37,46

The strengths of this study include the large sample size, addressing issues of temporality
between the exposure and the outcome by measuring vision loss at baseline and falls after four
years of follow-up, and having objectively assessed measures of vision loss through a
comprehensive ophthalmological clinical exam. We also included a broad range of age groups
and assessed not only falls but falls with injury which is directly responsible for the morbidity
caused by falls. One possible limitation is loss to follow up and exclusion of individuals with
incomplete data which could have introduced selection bias to our study if participants with
falls and visual impairment were less likely to participate in the follow-up examination. To
evaluate this issue we compared baseline characteristics of our study sample with the original
cohort sample and found that they were comparable with respect to gender, employment,
income, health insurance and vision health insurance status. Therefore, we estimate that any
difference in rates of falls or falls with injury across individuals with and without visual
impairment was most likely non-differential and would not explain a positive finding.
Misclassification of falls frequency due to reporting bias may have occurred since previous
studies have shown that elderly adults may fail to recall falls over the preceding 3–12 months,
but recall more accurately for the preceding 12 full months when compared to other time
windows. 26 Our study participants were asked to report falls during the previous 12 months
and were not aware of the study hypothesis. Our definition of falls was more sensitive and less
specific than other definitions used in previous studies such as “falls to the ground” or “against
an object” as recommended by Lord7. This may have resulted in higher reporting of falls among
our Latino sample. Some a priori known confounders of the relationship between visual
impairment and falls were not included in our models (not available for this study) which could
have lead to residual confounding (e.g. the presence of poor lighting in the context of the falls,
use of poly pharmacy, impaired depth perception and contrast sensitivity). Finally, many
individuals who reported falling and falling with injury were not found to have central or
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peripheral vision loss, thus other important predictors not evaluated here explain the remaining
proportion of falls and falls with injury.

In conclusion in this study we show that both central and peripheral vision impairment
independently increase the risk for falls and falls with injury in a dose-response manner among
Latino adults. Although vision related interventions for preventing falls have mainly focused
on correcting central visual impairment, this study suggests that targeting both central and
peripheral components may be necessary to effectively reduce rates of falls and falls with injury
related to vision loss. Lastly, younger patients may benefit by receiving preventive
interventions for falls when they are initially diagnosed with visual impairment and have not
yet had an injurious fall.
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Figure 1.
Falls and falls with injurya stratified by severity of centralb and peripheralc visual impairment.
a. Falls with Injury (n=3201) model has 2 less individuals than falls model (n=3203) due to
missing data.
b. 2 Severity categories for central visual impairment: normal (< 20/40 in both eyes), n= 3069;
mild (20/40–20/63), n=108; moderate/severe (20/80 or worse), n=46.
c. Severity categories for peripheral visual impairment: normal (mean deviation ≥ −2 dB in
both eyes), n=1889; mild (−6 dB<mean deviation<−2 dB in the worse eye), n=984; moderate/
severe (mean deviation≤−6 dB in worse eye), n=330.
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