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Abstract

Background: According to the CDC, falls rank among the leading causes of accidental death in the United States,
resulting in significant health care costs annually. In this paper we present information about everyday lifestyle
decisions of the older adult that may help reduce the risk of falling. We pursued two lines of inquiry: first, we
identify and then test known mutable fall risk factors and ask how the resolution of such problems correlates with
changes in fall rates. Second, we identify a series of everyday lifestyle options that persons may follow and then ask,
does such engagement (e.g., engagement in exercise programs) lessen the older adult’s risk of falling and if it does,
will the relationship hold as the count of risk factors increases?

Methods: Using a secondary analysis of lifestyle choices and risk changes that may explain fall rates over one year,
we drew on a data set of 13,623 community residing elders in independent housing sites from 24 US states. All
older adults were assessed at baseline, and a subset assessed one year later (n =4,563) using two interRAI tools: the
interRAI Community Health Assessment and interRAI Wellness Assessment.

Results: For the vast majority of risk measures, problem resolution is followed by lower rate of falls. This is true for
physical measures such as doing housework, meal preparation, unsteady gait, transferring, and dressing the lower
body. Similarly, this pattern is observed for clinical measures such as depression, memory, vision, dizziness, and
fatigue. Among the older adults who had a falls risk at the baseline assessment, about 20 % improve, that is, they
had a decreased falls rate when the problem risk improved. This outcome suggests that improvement of physical
or clinical states potentially may result in a decreased falls rate. Additionally, physical exercise and cognitive
activities are associated with a lower rate of falls.

Conclusions: The resolution of risk problems and physical and cognitive lifestyle choices are related to lower fall
rates in elders in the community. The results presented here point to specific areas, that when targeted, may
reduce the risk of falls. In addition, when there is problem resolution for specific clinical conditions, a decreased
risk for falls also may occur.
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Background

Falls are common among older persons and rank among
the leading causes of accidental death in the United
States, resulting in significant health care costs annually
[1, 2]. Falls account for approximately 10 % of visits to
an emergency department and 6 % of hospitalizations
among Medicare beneficiaries [3]. For many, falls are an
everyday risk as the person walks about the home,
climbs a flight of stairs, or performs normal daily activ-
ities [2]. For a few, a fear of falling can limit their going
outdoors or even walking in their own home [4—6]. In
short, to be human is to be at risk of falling and it is cru-
cial that we increase our awareness of strategies that
have the potential of lessening the older adult’s risk of
falling. Presently, an estimated 33 % of older adults fall
each year and this rate rises to nearly 50 % for persons
over the age of 80 [7].

At the same time, most falls have little lasting conse-
quence on a person’s ongoing daily life: no injury results,
no bones are broken, and the person continues to en-
gage in activities with no obvious fear of falling [8]. The
elder may stumble rising from bed, trip on an uneven
surface, or slip on a loose rug, and when these things
occur, the person gets up and goes on with life. For
many elders, falls become an acceptable part of life.

For a small percentage, however, there are more ser-
ious consequences of having fallen, including bruises,
broken bones, and even death [9]. The overall annual
rate of falls for elders 65-74 is 57 per 1,000 and for
those 75 and older, this rate increases to 115 per 1000
[10]. While some falls may just be unlucky one-time
events, for others the fall itself is a signal that the person
has underlying conditions that predispose the person to
further falls [11, 12].

Our goal in this paper is to better understand how the
everyday lifestyle decisions of the older adult may help
reduce the risk of falling. To accomplish this goal, we
focus on two lines of inquiry. First, we identify and then
test known mutable fall risk factors and ask how the
resolution of such problems correlates with changes in
fall rates. Second, we identify a series of everyday
lifestyle options that persons may follow and then ask,
does such engagement (e.g., engagement in exercise
programs) lessen the older adult’s risk of falling and if it
does, wiill the relationship hold as the count of risk fac-
tors increases?

Factors influencing falls

A sizeable body of work has identified independent fac-
tors that increase one’s risk of falling, not all of which
are susceptible to change. In our work we concentrate
only on risk factors that have the possibility of improv-
ing over time. This is not to say that immutable factors
are not relevant, for they are, but for this research we
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focus on potentially changeable risk factors. We organize
these into two broad domains: physical performance and
clinical complexity. Table 1 lists the specific factors and
also provides the assessment items used to examine
these two domains.

These factors incorporate the areas of functional ability,
cognition, and health conditions. Elders who need assist-
ance with movement such as walking, transferring from
bed to chair, and stair climbing are at greater risk for falling
[13-15]. Use of assistive devices for ambulation such as a
cane or walker is associated with an increased fall risk as is
diminished functional ability [16—19]. Elders dependent in
activities of daily living (ADLs) had an increased fall risk
and an increased incidence of falls [17, 19]. Stenhagen
(2013) reported dependence in one or more ADLs as a falls
risk, with an age-adjusted odds ratio (OR) of 1.49 [20]. De-
pendence in instrumental activities of daily living (IADLs)
produced similar results [20-22].

Cognitive impairment also was associated with an in-
creased fall risk [23, 24]. Fischer (2014) found cognitively
impaired elders had an increased risk of falls and raised
the issue of whether cognitively impaired elders engage in
risky activities, thereby increasing their fall rate [25].

Table 1 Fall risk domain and assessment item

Fall risk domain Assessment item

Physical -Movement Related ~ Unsteady gait

Walks with help

Climb stairs with help

Requires help in doing housework
Requires help in cooking

Requires help in shopping
Physical ~-Weakness/Debility ~ Dressing lower body with help
Transfers with help

Bathes with help

Experienced worsening ADL in 90 days
Clinical - Cognitive/Mental Cognitive decline in past 90 days
Memory problem

Anxiety diagnosis

Depression diagnosis

Clinical - Physical/General Vision problem

Dizziness

Poor self-reported health

Not continent

Acute health flare-up

Constipation (tested, not significant)
Difficulty sleeping (tested, not significant)
Fatigue

Pain intensity

Breakthrough pain
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Diminished scores in executive function and attention
were associated with future fall risk [26]. Further-
more, multiple falls and increased falls risk are seen
in the presence of executive and visuo-spatial func-
tion deficits [24, 27].

There is a wide spectrum of health conditions associated
with an increased fall risk and a history of falls among the
elderly. An unsteady gait and a self-report of dizziness are
two symptoms reasonably associated with an increased fall
risk [20, 21, 28-31]. Both call into question the presence
of vestibular impairment. Self-reported balance impair-
ment was a significant predictor of future falls [32, 33].
Visual impairment inclusive of poor gaze stabilization, de-
creased acuity and incorrect use of multi-focal lens in
glasses all contribute to a history of falls and increased fall
risk [34-36]. Dyspnea, often resulting from COPD or
heart failure, in older adults also is predictive of future
falls [20, 37]. Several researchers also found obesity associ-
ated with increased risk of falls [11, 38, 39].

Protective lifestyle choices

The second focus of this report is on everyday lifestyle
choices that older adults may adopt to potentially reduce
their risk of falling, including those choices that have phys-
ical and cognitive foundations. Reports in the literature
support an association between falls and early lifestyle phys-
ical and cognitive enhancement choices. Group and home-
based exercise programs reduced both falls rate and the risk
of falling. Tai Chi reduced the risk of falling [40]. Moreira
et al. found high-intensity aquatic exercises reduced
the number of falls among post-menopausal women
[41]. In another study, Yamada, et al. reported that a
24 week program of rhythmic stepping exercise de-
creased the relative risk of fear of falling [42].

There is limited information about falls and specific
cognitively-stimulating activities, such as crossword puzzles
and computer use. The use of a computer assisted technol-
ogy, such as the Nintendo Wii, provides both visual training
and assistance with obstacle avoidance and, as such, may
have value as a fall prevention intervention [43]. There is a
growing body of work on the association between cognitive
training and improvement with gait and balance that im-
pacts both the number of falls and fall rates [44, 45].

Table 2 lists the measures assessed using the interRAI
personal self-report Wellness Tool and, while not
matched precisely with activities examined in prior re-
search, it provides an adequate representation of the 2
domains of lifestyle choices associated with improving
fall risk and occurrence [46].

Methods
The site for this project was COLLAGE, a national con-
sortium of CCRCs and elder housing sites initiated and
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Table 2 Domains protective of falls risk

Protective domains Assessment item

Physical Exercise Three + hours exercise a day

Bikes

Hikes/walks

Swims

Pilates/yoga/Tai Chi
Treadmill/steppers/weights/resistance
Cognitive Stimulation Uses computer
Does crosswords

Takes education course(s)

developed by Kendal Outreach, LCC (KOLCC), a
subsidiary of the Kendal Corporation, a non-profit
organization, and the Institute for Aging Research
(IFAR) at Hebrew SeniorLife, a Massachusetts non-profit
corporation. Members of the consortium participated in
the application of the first, computerized, valid and reli-
able approach to annual standardized resident assess-
ments in the US within senior housing [15]. Key staff of
senior housing sites that are members of the COLLAGE
consortium meet with residents, and through a semi-
structured conversation, complete two assessment tools,
the Community Health Assessment (CHA) and the
Wellness Tool (WELL). The CHA was developed by
interRAI [16], a collaborative network of researchers in
over 35 countries committed to improving health care
for persons who are elderly, frail, or disabled. InterRAI’s
goal is to promote evidence-based clinical practice and
policy decisions through the collection and interpret-
ation of high quality data about the characteristics and
outcomes of persons served across a variety of health
and social service settings. The WELL was developed
collaboratively by COLLAGE and interRAI [17]. These
assessment tools have been used both nationally and
internationally, and represent the results of rigorous re-
search and testing to establish the reliability and validity
of their items [17]. They move beyond the typical health
assessment and physical examinations routinely com-
pleted at a health care visit to provide a holistic sum-
mary of the physical, psychosocial and environmental
elements impacting an elder’s quality of life.

Using a secondary analysis of risk changes and lifestyle
choices that may help to explain fall rates over just one
year, we draw on a data set that includes 13,623 commu-
nity residing elders in independent housing sites in 24
US states. All of these older adults participate in the
COLLAGE program (now known as Vitalize 360), and
were assessed at baseline with a subset assessed one year
later (n =4,563) using two interRAI tools: the interRAI
Community Health Assessment and interRAI Wellness
Assessment [47]. Both studies were approved by the
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Hebrew SeniorLife, Institute for Aging Research, Institu-
tional Review Board (IRB).

Availability of data and materials
The COLLAGE consortium contracted with interRAI to
use the data collection tools to complete the comprehen-
sive assessments. InterRAI receives no royalties for use
but requires all data be sent to their international
repository. De-identified research copies of the data are
maintained by interRAI with an understanding the data
may be used for research purposes only by individuals and
organizations who have a direct affiliation with interRAL

Assessors trained in the use of the interRAI instru-
ments completed all assessments. The training occurred
at each site and followed models specified by interRAI
[47]. Therefore, the reliability of the available data elements
can be presumed to be consistent with data reported previ-
ously [46, 48, 49].

Each person is questioned about their falls over the
90-day period prior to the assessment, and these mea-
sures were used as dependent variables in this work.

Analytic approach

The analyses of the role of the baseline falls risk factors in-
volve a comparison of the best dichotomous version of each
measure against the falls dependent variables. The relation-
ship is tested for significance (based on a .05 or lower two-
tailed probability for chi-square) and association (odds
ratio). Where significant, the uni-variate odds ratio (OR) is
presented to gage the strength of the relationship.

The same approach was employed to assess the role of
protective lifestyle choices selected by the older adults.
As a second part of this lifestyle analysis, a summary risk
scale was constructed, summing the earlier risk mea-
sures. Stepwise logistic regression was used to reduce
the previously assessed risk measure pool prior to those
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variables being summed into a fall risk index. The
baseline fall rates at each level of the risk index scale are
described, as is the variation in these rates at each risk
level as a function of the protective lifestyle options.

Results

The older adults in the independent housing sample
(COLLAGE) came from 24 of the 50 US states and had
their baseline assessment carried out between 2004 and
2013. Their average age was 81 years. In terms of basic
demographics, 90 % were white, 68 % were female, 49 %
were married, and 53 % lived alone.

Functionally and cognitively, most sample members
were independent at the time of the baseline assessment.
From a functional perspective, 93 % walked without the
help of others and 90 % could prepare a meal without
assistance. The cognitive picture shows an equally inde-
pendent population. Eighty-seven percent were inde-
pendent in decision-making, 80 % had no problem with
short-term memory, and 88 % fully understand others
with whom they communicated. While 59 % reported
they were occasionally forgetful, only 5.8 % described
their memory as being a problem.

In terms of falls, 13.8 % reported a fall in the 90 days
prior to the baseline assessment. At follow-up, the percent-
age haven fallen in previous 90 days was the same: 13.8 %.
Among those who had fallen in the 90-days prior to the
baseline assessment, 25 % indicated that a fear of falling
limited their going outdoors. This contrasts with 9.8 % for
those who had not fallen in this period. A similar pattern
emerges for those who say that a fear of falling caused them
concern when walking in their home: 24.9 % vs. 9 %.

Falls and selected baseline characteristics
We first examined the baseline physical factors (Figs. 1
and 2) that might contribute to falls. All six movement-
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J

related independent variables were significantly related
to falls at times 1 and 2 — the time 2 odds ratios are
given in brackets on Fig. 1. These odds ratios are all
high: ranging from 2.3 to 3.2 at time 2 (the follow-up as-
sessment). Five of the measures also meet the criterion
of a sharp drop in fall rates with problem resolution by
time 2. The exception was “walks with help”.

In Fig. 2 we see a similar pattern for all four weakness/
debility physical risk measures. All are significantly re-
lated to falls at times 1 and 2. The time 2 odds ratios are
all high: ranging from 2.7 to 3.7. All four of the mea-
sures also meet the criterion of a sharp drop in fall rates
with problem resolution by time 2.

Next we examine the baseline clinical complexity mea-
sures that might contribute to falls. Figure 3 displays in-
formation for the cognition and mental health measures.
All are significantly related to falls at times 1 and 2 — in
this case the time 2 odds ratios are less than those seen

initially, all falling below 2.0. The measures of depression
and memory problem meet the criterion of a sharp drop
in fall rates with problem resolution by time 2. The
other two measures drop at a somewhat lower rate.

Figure 4 displays the results for the physical and more
general measures of clinical complexity. Two of the
measures are not displayed because baseline problems in
these areas were not related to time 2 fall rates. These
omitted measures were constipation and difficulty sleep-
ing. Of the remaining eight measures, all are significantly
related to falls at times 1 and 2, but only four of the
measures meet the criterion of a sharp drop in fall rates
with problem resolution by time 2 [vision, dizziness,
poor self-reported health, and fatigue].

Lifestyle choices related to falls
Figure 5 displays the results for measures of physical ex-
ercise vs. time 1 and time 2 fall rates. All rates are
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significant and, when the person is engaged in the exer-
cise, the fall rate drops to a little less than 10 %. Half of
all members of the cohort were engaged in three or
more hours of exercise a day, and for those not so in-
volved, we see the highest rate of falls (17.9 % — or al-
most twice the rate of those who were engaged in this
level of exercise).

Figure 6 displays the results for engagement in cogni-
tively stimulating activities. In all three instances, cogni-
tive engagement is associated with lower rates of falls.

Figure 7 gathered the prior findings, assessing whether
those with an increased risk of falling benefit equally
from engagement in physical exercise and cognitively

stimulating activities. The risk measure coming out of
the forward stepwise regression based on the risk items
is described earlier and includes eight measures [un-
steady, stairs, ADL decline, bathing, memory, dizziness,
and pain symptoms]. As displayed in Fig. 7, all persons
with a risk count of 5 or more are collapsed into the
same category.

This analysis indicates that physical exercise and cog-
nitive stimulation do not translate into lower fall rates
for those with no or only one risk — the best 55 % of the
older adults in the cohort. At all other risk levels, there
is a reduction in falls for those who engage in these
types of activities.
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Does crosswords (.78/65.9%)

Discussion

In an attempt to better understand the complex nature
of falls among older adults, we pursued two avenues.
First we identified and tested known mutable fall risk
factors and examined if resolution of the problem re-
sulted in a decreased fall rate. The second approach ex-
amined lifestyle options and if engagement lessens an
older adult’s fall risk across the span of fall risk counts.
For the physical characteristics associated with move-
ment, problem resolution was associated with a de-
creased rate of falls. The one exception was the item,
walks with help. Among the weakness and debility
physical elements, with problem resolution, fall rates
dropped sharply. For the cognitive and mental clinical
complexity measures, we observed a drop in fall rate
only with improvement of memory problems or de-
pression. Only 4 of the general clinical measures,
when resolved, resulted in a decreased fall rate. These
measures were vision problems, dizziness, poor self-
reported health and fatigue.

Examination of lifestyle options focused on two
domain, physical exercise and cognitive stimulation.
The highest falls rate was among individual did not
engage in physical exercise and all the assessed phys-
ical exercise items were associated with a decrease
in falls rate. The physical measures included a wide
variety of tasks: doing three or more hours of exer-
cise a day, walking, using a treadmill, or doing
Pilates. These results coincide with the work by
Moreira et al. and Yamada et al. who examined the
relationship between falls and aquatic exercise and
rhythmis stepping exercises respectively [40, 41].
Additionally, participation in cognitive stimulating
activities was protective of falls risk. The three cog-
nitive lifestyle options all followed the model, includ-
ing using a computer, doing crosswords, and taking
an education course. These results align with evi-
dence on the association between cognitive training
and decreased falls [44]. Expanding involvement in
these areas should be considered as a measure for
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reducing the incidence of falls. The results here indi-
cated pursuit of lifestyle options is most beneficial
for older adults with 2 or more falls risk factors.

Over a one-year period a distinguishing characteristic
is the uniformity and strength of the relationships for
the measures tested. For the vast majority of risk mea-
sures, problem resolution is followed by lower rate of
falls. This is true for such physical measures as doing
housework, meal preparation, unsteady gait, transfer,
and dressing the lower body. Similarly this pattern is ob-
served for such clinical measures as depression, memory,
vision, dizziness, and fatigue. The percent that improved
averages about 20 % of those who had problems at
baseline and this suggests that the potential exists for
extending this phenomenon. The results reported here
thus fit into an emerging picture of positive steps an
elder can take to reduce the likelihood of falling. For
those at risk, there is evidence that engagement in these
types of physical and cognitive exercises reduces ones
risk of falling.

Limitations

Many of the assessment items examined in this project
were self-report. The assessors who complete the tools
through a conversation with the older adult complete an
established training program and are skilled in obtaining
the most accurate information possible. In the presence
of marked cognitive decline, the assessors would ask a
caregiver or significant other about the item. We must
be aware of the fact that there are many recognized
causes for falls and these data support the complexity.
At the same time, this research is based on the experi-
ences of a large court of community residing older
adults, with an average age of about 80 years. It was not
a randomized trial. The findings are supportive of the
work of Kelsey, et al. [50] and Ambrose, et al. [51].

Conclusions

Physical and cognitive engagement lifestyle choices
are related to lower fall rates among elders in the
community, as are the resolution of risk problems.
The outcomes from the secondary analyses point to
areas, which, when targeted, may reduce the risk of
falls for an individual. In addition, when there is
problem resolution for specific clinical conditions, a
decreased risk for falls also may occur. The results
offer a framework for geriatric care providers to inter-
vene with improving clinical conditions and offering
support to engage in lifestyle strategies that will re-
duce the risk for falls. Given the rate of falls among
all older adults and the potential for additional mor-
bidities following a fall, the results presented here
offer some guidelines aimed at improving this perva-
sive problem among the older adult population.

Page 8 of 10

Ethics approval and consent to participate

Both the baseline and one year follow up studies de-
scribed in this paper were approved by the Hebrew
SeniorLife, Institute for Aging Research, Institutional Re-
view Board (IRB).

Consent for publication
Not applicable.

Availability of data and materials

Data used for the secondary analysis in this project is
not availablepublicly. De-identified datasets are main-
tained by interRAI with an understanding the data may
be used for research purposes only by individuals and
organizations who have a direct affiliation with the inter-
RAI organization.

Abbreviations
ADL's: activities of daily living; IADL's: instrumental activities of daily living;
OR: odds ratio.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JNM conceived the study, and its design and performed the statistical
analysis; EPH participated in the design and coordination and helped to the
finalize the manuscript; KS, KB, and AT participated in the design, the
development of the initial draft of the manuscript as well as a detailed
review of the final manuscript; AM and DD contributed to the background
and review of relevant literature. All authors have read and approved the
final document.

Authors’ information

JNM, EPH, KS, KB are fellows within interRAI, the international collaborative
responsible for the development and implementation of the tools that
provided the data for the secondary analysis reported in this paper.

Acknowledgements

The authors wish to thank interRAI and members of the COLLAGE
consortium for providing access to the data used in this secondary analysis.
In addition, revisions to the final manuscript were facilitated by the
assistance of Ms. Ngozi Otaluka.

Funding
Financial support was provided partially by COLLAGE with the remainder
being self-supported.

Author details

"Hebrew SeniorLife, Institute for Aging Research, 1200 Centre Street, Boston,
MA 02131, USA. *School of Nursing, Northeastern University, 360 Huntington
Avenue, Boston, MA 02115, USA. Hackensack University Medical Center, 30
Prospect Avenue, Hackensack, NJ 07601, USA. “Department of Physical
Therapy and Rehabilitation Sciences Institute, University of Toronto, 160-500
University Avenue, Toronto, Ontario M5G 17, Canada. “Geriatric Medicine
Department, Limoges University, IFR 145 Geist; EA 6310 HAVAE, CHU
Limoges, Limoges F-87025, France. °Northeastern University, 360 Huntington
Ave, Boston, MA 02115, USA. VA Quiality Scholar, Geriatrics, Palliative and
Extended Care Service, San Francisco Veterans Affairs Medical Center, San
Francisco, CA 94121, USA.

Received: 23 December 2015 Accepted: 25 April 2016
Published online: 29 April 2016



Morris et al. BMC Geriatrics (2016) 16:92

References

1.

20.

21.

22.

Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Veccha C, Negri E. Risk
factors for falls in community- dwelling older people: A systematic review
and meta-analysis. Epidemiology. 2010;21(5):658-68.

Centers for Disease Control and Prevention. Falls among older adults: An
overview. 2010. Available from: http://www.cdc.gov/
HomeandRecreationalSafety/Falls/adultfalls.html. Accessed 8 Feb 2015.
Tinetti ME, Baker DI, King M, Gottschalk M, Murphy TE, Acampora D, et al.
Effect of dissemination of evidence in reducing injuries from falls. N Engl J
Med. 2008;359:252-61.

Deshpande N, Metter E, Lauretani F, Bandinelli S, Guralnik J, Ferrucci L.
Activity restriction induced by fear of falling and objective and subjective
measures of physical function: a prospective cohort study. J Am Geriatr Soc.
2008;56(4):615-20.

Hadjistavropoulos T, Martin RR, Sharpe D, Lints AC, McCreary DR,
Asmundson GJG. A longitudinal investigation of fear of falling, fear of pain,
and activity avoidance in community-dwelling older adults. Journal of
Aging Health. 2007;19(6):965-84.

Jang S-N, Cho S-I, Oh S-W, Lee E-S, Baik H-W. Time since falling and
fear of falling among community-dwelling elderly. Int Psychogeriatr.
2007;19(06):1072-83.

Centers for Disease Control and Prevention. Hip fractures among older
adults. 2009. Available from: http://www.cdc.gov/
HomeandRecreationalSafety/Falls/adulthipfxhtml. Accessed 8 Feb 2015.
Centers for Disease Control and Prevention. Self-reported falls and fall-
related injuries among persons aged >65 Years. 2008. Available from: http://
www.cdc.gov/mmwr/PDF/wk/mm5709.pdf. Accessed 8 Feb 2015.
Handelsman, J. Falls among older adults: a public health concem. Perspectives
on Public Health Issues Related to Hearing and Balance. 2011;12(1);13.

Adams, PF, Martinez, ME, Vickerie JL, Kirzinger, WK. Summary health statistics
for the U.S. Popultion: National Health Interview Survey, 2010. National
Center for Health Statistics. Vital Health Stat.2011:10(251).

Grundstrom AC, Guse CE, Layde PM. Risk factors for falls and fall-
related injuries in adults 85 years of age and older. Arch Gerontol
Geriatr. 2012;54(3):421-8.

Elder falls related to chronic pain: chronic pain may be an overlooked-and
important-risk factor for falls in older adults. Duke Medicine Health News
Feb. 2010: 7. Academic OneFile. Web. 15 Mar 2016.

Rosario ER, Kaplan SE, Khonsari S, Patterson D. Predicting and assessing
fall risk in an acute inpatient rehabilitation facility. Rehabil Nurs. 2014;
39(2):86-93.

Coll-planas L, Kron M, Sander S, Rissmann U, Becker C, Nikolaus T.
Accidental falls among community-dwelling older adults: improving the
identification process of persons at risk by nursing staff. Z Fir Gerontol
Geriatr. 2006;39(4):277-82.

Kallin K, Lundin-Olsson L, Jensen J, Nyberg L, Gustafson Y. Predisposing and
precipitating factors for falls among older people in residential care. Public
Health. 2002;116(5):263-71.

Hardi |, Bridenbaugh SA, Gschwind YJ, Kressig RW. The effect of three
different types of walking aids on spatio-temporal gait parameters in
community-dwelling older adults. Aging Clin Exp Res. 2014;26(2):221-8.

Hill A-M, Hoffmann T, McPhail S, Beer C, Hill KD, Oliver D, et al. Evaluation of
the sustained effect of inpatient falls prevention education and predictors
of falls after hospital discharge-follow-up to a randomized controlled trial. J
Gerontol A Biol Sci Med Sci. 2011;66(9):1001-12.

Baetens T, De Kegel A, Calders P, Vanderstraeten G, Cambier D.
Prediction of falling among stroke patients in rehabilitation. J Rehabil
Med. 2011;43(10):876-83.

French DD, Margo CE, Tanna AP, Volpe NJ, Rubenstein LZ. Associations of
Injurious Falls and Self-Reported Incapacities: Analysis of the National Health
Interview Survey. J Patient Saf. 2014. doi:10.1097/PTS.0000000000000084.
Stenhagen M, Ekstrom H, Nordell E, Elmstahl S. Falls in the general elderly
population: a 3- and 6- year prospective study of risk factors using data from the
longitudinal population study “Good ageing in Skane.". BMIC Geriatr. 2013;13:81.
Olsson Mdller U, Midlév P, Kristensson J, Ekdahl C, Berglund J, Jakobsson U.
Prevalence and predictors of falls and dizziness in people younger and
older than 80 years of age-a longitudinal cohort study. Arch Gerontol
Geriatr. 2013;56(1):160-8.

Brown J, Kurichi JE, Xie D, Pan Q, Stineman MG. Instrumental activities of
daily living staging as a possible clinical tool for falls risk assessment in
physical medicine and rehabilitation. PM&R. 2014,6(4):316-23. quiz 323.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

Page 9 of 10

Tsur A, Eluz D, Itah D, Segal Z, Shakeer N, Galin A. Clinical profile of fallers
with femoral neck fractures. PM&R. 2014;6(5):390-4.

Delbaere K, Kochan NA, Close JCT, Menant JC, Sturnieks DL, Brodaty H, et al.
Mild cognitive impairment as a predictor of falls in community-dwelling
older people. Am J Geriatr Psychiatry Off J Am Assoc Geriatr Psychiatry.
2012;20(10):845-53.

Fischer BL, Gleason CE, Gangnon RE, Janczewski J, Shea T, Mahoney JE.
Declining cognition and falls: role of risky performance of everyday mobility
activities. Phys Ther. 2014;94(3):355-62.

Mirelman A, Herman T, Brozgol M, Dorfman M, Sprecher E, Schweiger A,

et al. Executive function and falls in older adults: new findings from a five-
year prospective study link fall risk to cognition. PLoS One. 2012;7:6.

Martin KL, Blizzard L, Srikanth VK, Wood A, Thomson R, Sanders LM, et al.
Cognitive function modifies the effect of physiological function on the risk
of multiple falls-a population-based study. J Gerontol A Biol Sci Med Sci.
2013;68(9):1091-7.

Mignardot J-B, Deschamps T, Barrey E, Auvinet B, Berrut G, Cornu C, et al.
Gait disturbances as specific predictive markers of the first fall onset in
elderly people: a two-year prospective observational study. Front Aging
Neurosci. 2014,6:22.

Honaker JA, Shepard NT. Use of the dynamic visual acuity test as a screener
for community-dwelling older adults who fall. J Vestib Res: Equilib Orientat.
2011;21(5):267-76. doi:10.3233/VES-2011-0427.

Jacobson GP, McCaslin DL, Grantham SL, Piker EG. Significant vestibular
system impairment is common in a cohort of elderly patients referred for
assessment of falls risk. J Am Acad Audiol. 2008;19(10):799-807.
Kristinsdottir EK, Baldursdottir B. Effect of multi-sensory balance training for
unsteady elderly people: pilot study of the “Reykjavik model.". Disabil
Rehabil. 2014;36(14):1211-8.

Chen T-Y, Janke MC. Predictors of falls among community-dwelling older
adults with cancer: results from the health and retirement study. Support
Care Cancer. 2014;22(2):479-85. doi:10.1007/500520-013-2000-7.

Morrison G, Lee H-L, Kuys SS, Clarke J, Bew P, Haines TP. Changes in falls risk
factors for geriatric diagnostic groups across inpatient, outpatient and
domiciliary rehabilitation settings. Disabil Rehabil. 2011;33(11):900-7.
Honaker JA, Lee C, Shepard NT. Clinical use of the gaze stabilization
test for screening falling risk in community-dwelling older adults.

Otol Neurotol Off Publ Am Otol Soc Am Neurotol Soc Eur Acad Otol
Neurotol. 2013;34(4):729-35.

Reed-Jones RJ, Solis GR, Lawson KA, Loya AM, Cude-Islas D, Berger
CS. Vision and falls: a multidisciplinary review of the contributions

of visual impairment to falls among older adults. Maturitas.
2013;75(1):22-8.

Yip JLY, Khawaja AP, Broadway D, Luben R, Hayat S, Dalzell N, et al. Visual
acuity, self-reported vision and falls in the EPIC-Norfolk Eye study. Br J
Ophthalmol. 2014;,98(3):377-82.

Sibley KM, Voth J, Munce SE, Straus SE, Jaglal SB. Chronic disease and falls in
community-dwelling Canadians over 65 years old: a population-based study
exploring associations with number and pattern of chronic conditions. BMC
Geriatr. 2014;14:22.

Scott D, Sanders KM, Aitken D, Hayes A, Ebeling PR, Jones G. Sarcopenic
obesity and dynapenic obesity: 5-year associations with falls risk in middle-
aged and older adults. Obes Silver Spring Md. 2014;22(6):1568-74.

Mitchell RJ, Lord SR, Harvey LA, Close JCT. Associations between obesity
and overweight and fall risk, health status and quality of life in older people.
Aust N Z J Public Health. 2014;38(1):13-8.

Gillespie, LD, Robertson, MC, Gillespie, WJ, Sherrington, C, Gates, S, Clemson,
LM, Lamb, SE. Interventions for preventing falls in older people living in the
community. Cochrane Database of Systematic Reviews. 2012. doi:10.1002/
14651858.CD007146.pub3.

Denise Fernandes Moreira L, Fronza FCAO, Dos Santos RN, Teixeira LR, Kruel
LFM, Lazaretti-Castro M. High-intensity aquatic exercises (HydrOS) improve
physical function and reduce falls among postmenopausal women.
Menopause. 2013;20(10):1012-9.

Yamada M, Tanaka B, Nagai K, Aoyama T, Ichihashi N. Rhythmic stepping
exercise under cognitive conditions improves fall risk factors in community-
dwelling older adults: Preliminary results of a cluster-randomized controlled
trial. Aging Ment Health. 20171;15(5):647-53.

Reed-Jones RJ, Dorgo S, Hitchings MK, Bader JO. Vision and agility training
in community dwelling older adults: Incorporating visual training into
programs for fall prevention. Gait Posture. 2012;35(4):585-9.


http://www.cdc.gov/HomeandRecreationalSafety/Falls/adultfalls.html
http://www.cdc.gov/HomeandRecreationalSafety/Falls/adultfalls.html
http://www.cdc.gov/HomeandRecreationalSafety/Falls/adulthipfx.html
http://www.cdc.gov/HomeandRecreationalSafety/Falls/adulthipfx.html
http://www.cdc.gov/mmwr/PDF/wk/mm5709.pdf
http://www.cdc.gov/mmwr/PDF/wk/mm5709.pdf
http://dx.doi.org/10.3233/VES-2011-0427
http://dx.doi.org/10.1007/s00520-013-2000-7
http://dx.doi.org/10.1002/14651858.CD007146.pub3
http://dx.doi.org/10.1002/14651858.CD007146.pub3

Morris et al. BMC Geriatrics (2016) 16:92

44,

45.

46.

47.

48.

49.

50.

51.

Smith-Ray RL, Makowski-Woidan B, Hughes SL. A randomized trial to
measure the impact of a community-based cognitive training intervention
on balance and gait in cognitively intact black older adults. Health Educ
Behav. 2014;41(1 Suppl):625-9S. doi:10.1177/1090198114537068.

Verghese J, Mahoney J, Ambrose AF, Wang C, Holtzer R. Effect of cognitive
remediation on gait in sedentary seniors. J Gerontol A Biol Sci Med Sci.
2010;65(12):1338-43. doi:10.1093/gerona/glq127.

Hirdes JP, Ljunggren G, Morris JN, Frijters DH, Soveri HF, Gray L, et al.
Reliability of the interRAI suite of assessment instruments: a 12-country
study of an integrated health information system. BMC Health Serv Res.
2008;8(1):277.

Morris JN, Berg K, Bjorkgren M, Declereq A, Finne-Soveri H, Fries B, et al.
InterRAI Community Health (CHA) assessment form and User's manual and
related materials. Rockport: Open Book Systems, Inc; 2010.

Morris JN, Fries BE, Steel K, lkegami N, Bernabei R, Carpenter G, et al.
Comprehensive clinical assessment in community setting: applicability of
the MDS-HC. J Am Geriatr Soc. 1997:45(8):1017-24.

Landi F, Tua E, Onder G, Carrara B, Sgadari A, Rinaldi C. Minimum data set
for home care: A valid instrument to assess frail older people living in the
community. Med Care. 2000;38(12):1184-90.

Kelsey JL, Procter-Gray E, Hannan MT, Li W. Heterogeneity of falls among
older adults: Implications for public health prevention. Am J Public Health.
2012;102(11):2149-56.

Ambrose AF, Geet P, Hausdorff JM. Risk factors for falls among older adults:

A review of the literature. Maturitas. 2013;75(1):51-61.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central



http://dx.doi.org/10.1177/1090198114537068
http://dx.doi.org/10.1093/gerona/glq127

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Factors influencing falls
	Protective lifestyle choices

	Methods
	Availability of data and materials
	Analytic approach

	Results
	Falls and selected baseline characteristics
	Lifestyle choices related to falls

	Discussion
	Limitations
	Conclusions
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Abbreviations

	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Funding
	Author details
	References

