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Abstract

This study examined whether chronic kidney disease (CKD) is associated with recurrent falls in
older adults in nursing homes (NHs). We used data abstracted over a six month period from 510
NH residents with a history of falls. Thirty-five percent of the NH residents had CKD. In adjusted
analyses, the incidence of recurrent falls was similar in those with and without CKD [fall rate ratio
(FRR) 1.00, 95% confidence interval (Cl) 0.97-1.02]. Orthostatic hypotension (FRR 1.52, 95% CI
1.12-2.05), history of falls during the prior six month period (FRR 1.25, 95% CI 1.05-1.49), cane
or walker use (FRR 1.64, 95% CI 1.16-2.33), and ambulatory dysfunction (FRR 1.47, 95% ClI
1.23-1.75) were independently associated with increased fall rate. CKD was not an important
predictor of falls in this cohort of nursing home residents with prior falls. Instead, traditional fall
risk factors were much more strongly associated with recurrent falls.
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Introduction

Nursing home (NH) residents who fall have increased risks of fractures, disability, reduced
quality of life, and death.1 Whether injurious or not, NH falls often occur in residents who
possess multiple traditional fall risk factors (e.g., cognitive impairment, orthostatic
hypotension, low bone mass, visual impairment, and impaired mobility) which are the
targets of multifactorial fall prevention strategies.? Despite fall prevention efforts, NH falls
continue to be a significant problem, and the prevalence of kidney disease among NH
residents has increased. One of every three NH residents have chronic kidney disease
(CKD),35 but it is not known whether the sizeable proportion of NH residents with CKD are
at increased risk for falls compared to those without CKD.

Elderly community dwellers with either CKD or end stage renal disease (ESRD) have higher
fall rates than elderly community dwellers without CKD,5-8 although this association has not
been examined in the NH setting. CKD may be associated with falls in NH residents
because many fall risk factors such as anemia, vitamin D deficiency, cognitive impairment,
and impaired clearance of psychoactive medications are common in patients with CKD.9-14
Also, diabetes and hypertension—the most common etiologies of CKD in older adults--and
downstream complications of these conditions (e.g., autonomic insufficiency, visual
impairment, and stroke) are themselves associated with falls.1®

Understanding whether CKD is independently associated with falls in NHs could help
identify NH residents who maintain a higher risk for falls despite management of traditional
fall risk factors, and in whom management of CKD-specific fall risk factors (e.g. need for
activated vitamin D, management of anemia, addressing blood pressure fluctuations) may be
particularly important for fall prevention. We examined the association between CKD and
recurrent falls in a population of NH residents who had fallen at least once. According to
2012 Kidney Disease Improving Global Outcomes (KDIGO) guidelines, CKD can be
diagnosed in patients with estimated glomerular filtration rate (eGFR) <60 irrespective of
presence of markers of kidney damage. An eGFR < 60 indicates a substantial reduction in
kidney function.1® As CKD is present when eGFR is low; our hypotheses were that lower
eGFR values are associated with higher fall rates and that eGFR is independently associated
with fall rates in NH fallers after accounting for traditional fall risk factors.

Materials and Methods

Study Design and Setting

We conducted a retrospective cohort study using NH resident data obtained as part of a
larger ongoing randomized controlled trial; CONNECT for Quality, which examines
different staff education approaches to fall prevention.17 Although there was no direct
resident involvement in the CONNECT for Quality intervention, resident characteristics and
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fall events were collected by chart review in two six-month periods before and after the
intervention. For this observational sub-study, NH resident data were available from both
Veterans Affairs (VA) community living centers (CLC) (four CLCs located in North
Carolina or Virginia) that participated in the pilot study (2009-2011) and community NHs
(located in North Carolina) that participated in the first year of CONNECT for Quality
(2011-2012). Institutional Review Boards at Duke University and the Durham Veterans
Affairs Medical Center approved the research protocol with waiver of consent.

Participants

By December 2012, 540 unique NH residents had been randomly selected for chart review
in the parent study. For each chart review, eligible residents were over age 50 years,
sustained at least one fall within the six month observation period and remained in the
facility for at least three days after the initial fall. For this sub-study, we excluded residents
who did not have a serum creatinine drawn as part of routine clinical care at any point within
6 months before or after the first fall (n = 19) and residents who were under age 50 or were
in the facility less than three days (n=11), leaving 510 NH residents for this analysis.

Measures

Data sources for the parent study included NH medical records, the Minimum Data Set
(MDS) (a national registry of NH residents), medication administration records, facility fall
logs, and incident reports. Trained study staff abstracted data for the parent study from these
sources into a database. Data quality was regularly assessed with a second data collection on
a random 5% of resident records; inter-rater agreement exceeded 90% for all measures.’

The primary outcome was resident fall rate expressed as falls per 100 patient days. The fall
rate was calculated from the number of falls in the fall risk period (excluding the index fall)
divided by the resident's fall risk period (i.e., days at risk). This fall risk period was defined
as the number of days from the resident's index fall to the first of the following: 1) NH
discharge, 2) death, or 3) end of the six month data collection period. The fall risk period
(i.e., time at risk) excluded days spent out of the facility, such as for an acute hospitalization.
A secondary outcome was injurious fall rate calculated from the number of injurious falls in
the fall risk period. An injurious fall was defined as fall resulting in skin tear, hematoma,
fracture, or laceration or need for imaging or urgent medical assessment.

NH residents were classified as having CKD if their eGFR was <60 ml/min/1.73m2. We
used the Modification of Diet in Renal Disease (MDRD) 4-variable equation to calculate
eGFR because it is most widely used by laboratories for eGFR reporting, MDRD eGFR
values in this cohort were highly correlated (r=0.95) with eGFR calculated using the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, and there is
conflicting evidence on the effectiveness of the CKD-EPI equation in frail, older adults.18-20
In estimating GFR we used the serum creatinine measure obtained closest in time and within
six months before or after the index fall. Creatinine measurements obtained during an acute
hospitalization or emergency room (ER) visit were excluded.
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Additional resident data obtained from the parent study included previously established risk
factors for falls in NH residents including demographics (race, gender, age), and the
following documented medical co-morbidities and medications: 1) history of stroke, 2)
peripheral neuropathy, 3) Parkinson's disease, 4) cognitive impairment [history of dementia
or Mini-Mental Status Exam score <24], 5) visual impairment (history of visual impairment
that is not correctable to at least reading ability including, macular degeneration, cataracts
that impair vision, or glaucoma that impairs vision), 6) orthostatic hypotension (defined as
any documented change in systolic blood pressure =15 mm Hg with position change or
documented diagnosis of orthostatic hypotension or autonomic insufficiency), 7) history of
falls (at least one documented fall event within six months prior to the study period), 8)
psychoactive medication use (orders for any of the following classes: benzodiazepine,
antidepressant, antipsychotic, sedative-hypnotic agent, or anticholinergic), 9) assistive
device use (use of cane, walker, or wheelchair), 10) ambulatory dysfunction [defined as a
resident who needs assistance with ambulation (including bedbound residents)], 11) Vitamin
D supplement use (defined as presence of a medication order for a Vitamin D supplement of
at least 800 international units daily or 50,000 international units every 4 weeks), and 12)
anemia (defined as a hemoglobin <13 g/dl for men and <12 g/dl for women within the study
period closest to the index fall event).

Statistical Analysis

Our primary hypothesis was that NH resident fall rates are higher among residents with
lower eGFRs after accounting for traditional fall risk factors. Our secondary hypothesis was
that injurious fall rates would be higher in residents with CKD. We further hypothesized that
the association of eGFR with fall rate is modified by specific fall risk factors: age, anemia,
cognitive impairment, psychoactive medication use, and vitamin D supplementation.

Resident fall rates, demographics, and fall risk factors were reported as proportions for
categorical variables and means with standard deviations or medians with interquartile
ranges (IQR) for continuous variables. Bivariate analyses were conducted to compare
resident characteristics across three eGFR categories (eGFR=60 ml/min/1.73m2,
eGFR=45ml/min/1.73m?2 and <60 ml/min/1.73m2, and eGFR<45 ml/min/1.73m?). These
eGFR categories were derived from the KDIGO CKD stages [eGFR=60 ml/min/1.73m? (G1
and G2), eGFR=45ml/min/1.73m? and <60 ml/min/1.73m? (Stage G3a), eGFR<45 ml/min/
1.73m? (Stages G3b, G4, and G5)].16

We used scatterplots and linear regression models to examine the relationship between level
of eGFR and fall rate in which eGFR was modeled as both a continuous and categorical
variable. Because of significant over-dispersion of the dependent variable (fall count), we
used a negative binomial rather than Poisson distribution.2! A test for adjusted deviance
confirmed that the negative binomial distribution provided an adequate fit to the data. All
bivariate and multivariate models accounted for time at risk (fall risk period) and treated the
facility as a random effect to adjust for the effects of different NHs.

Our final multivariable model included eGFR (as a continuous variable), age, race, gender,
and all measured variables that were independently associated with falls in bivariate
analyses. These included orthostatic hypotension, prior falls, cane use, wheelchair use, and
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ambulatory dysfunction. Product terms were added to the multivariable model to test for
interactions between eGFR and age, anemia, cognitive impairment, psychoactive medication
use, and vitamin D supplementation. Because estimates of GFR using the MDRD equation
may be less accurate at values >60 ml/min/1.73m?,22:23 we repeated multivariate analyses
and tests for interactions using eGFR as a categorical variable. Power calculations confirmed
that the sample size was adequate to detect a fall rate ratio of 1.2 for every 10 ml/min change
in eGFR (power = 0.8; alpha =0.05, two-tail).24 There was no adjustment for multiple
comparisons, and the type-1 error rate was 0.05. All statistical analyses were performed with
SAS 9.3 and SAS Enterprise Guide 5.1 (SAS Institute, Inc., Cary, NC).

Cohort Characteristics

Fall Rates

In our sample of 510 NH residents, the mean age of cohort members was 77.2 years
(SD=11.5), and a majority (63%) resided in VA CLCs. Median eGFR was 71.5 ml/min/
1.73m2 [IQR (50.1, 94.6)], and 179 (35%) of cohort members had CKD (an eGFR<60
ml/min/1.73m?2). During the six month study period, 162 (32%) of cohort members were
hospitalized at least once. Baseline characteristics stratified by eGFR category are presented
in Table 1. Residents with eGFR values 45-59 ml/min/1.73m?2 were older [80.1 years
(SD=10.8)] and included a larger proportion (36%) of females compared with those with
eGFR levels both above and below this. There were no statistically significant differences in
the distribution of fall risk factors across eGFR categories.

The median fall rate was 2.6 falls per 100 patient days (IQR, 1.3-6.3), measured over an
average time at risk of 85.3 days (SD=56.1); neither the median fall rate nor the time at risk
differed across eGFR categories (P=0.62) (Figure 1). Nearly half (46%) of falls were
associated with injury. Injurious fall rates were similar in residents with CKD and those
without CKD (P=0.44).

Unadjusted Analyses

In unadjusted analyses, orthostatic hypotension, history of falls in the 180 days prior to the
index fall, assistive device use, and ambulatory dysfunction were each positively associated
with fall rate. Level of eGFR was not associated with overall fall risk [(fall rate ratio (FRR)
0.99 per 10 ml/min/1.73 m2, 95% confidence interval (CI) 0.97-1.02)] or with risk of
injurious falls (FRR 0.99 per 10 ml/min/1.73 m2, 95% CI 0.95-1.03) in unadjusted analyses
(Table 2). Results were similar when eGFR was modeled as a categorical variable.

Multivariable analyses

In adjusted analyses, orthostatic hypotension, history of falls, cane or walker use, and
ambulatory dysfunction were independently associated with fall rate. Level of eGFR was not
associated with falls in adjusted analyses (FRR 1.00 per 10 ml/min/1.73 m2, 95% ClI
0.97-1.02) (Table 2). This was also true when eGFR was modeled as a categorical variable.
Pre-specified tests for interaction of eGFR with anemia, cognitive impairment, psychoactive
medication use, and Vitamin D supplement use did not reach statistical significance
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(P>0.05); however, we did identify a statistically significant interaction between eGFR and
age (P=0.005). For residents under 80 years, each 10 ml/min/1.73m? decrease in eGFR was
associated with 3% higher risk of falling (FRR 1.03 per 10 ml/min/1.73 m2, 95% Cl
1.00-1.06), whereas the opposite association was true for residents older than 80 years (FRR
0.96 per 10 ml/min/1.73 m2, 95% CI 0.92-1.00) (Figure 2). In residents under 80 years,
median fall rate ranged from 2.4 falls per 100 patient days (IQR, 1.3-6.2) for those with an
eGFR 260 ml/min/1.73m? to 3.8 falls per 100 patient days (IQR, 1.9-9.1) for those with an
eGFR <45 ml/min/1.73m? (P=0.048). In contrast, fall rates did not differ significantly across
eGFR categories for those aged 80 years and older (P=0.67). The age/eGFR interaction was
still of borderline significance when eGFR was modeled as a categorical variable (P=0.07),
when the cohort was limited to residents who were ambulatory (n=431) (P=0.06) and
residents with an eGFR =120 ml/min/1.73m? were excluded (n=55) (P=0.08).

Discussion

In this sample of NH residents who had fallen at least once and were thus at high risk for
recurrent falls, CKD was common but was not statistically significantly associated with
future risk of repeat falls or injurious falls in the overall cohort. This was also the case for
other chronic comorbid conditions (e.g., history of stroke, Parkinson's disease) which were
also not associated with falls among members of this study cohort. On the other hand,
traditional fall risk factors not specific to any one disease process (e.g., orthostatic
hypotension, prior history of falls, impaired mobility) were independently associated with
recurrent falls among members of this cohort. Our findings generally suggest that NH
providers should not expect fall rates to increase because of the increasing prevalence of
CKD in NHs.

Fall rates in this study are comparable to national fall statistics for NHs2; however, unlike
prior studies among community dwelling older adults, this study did not find that CKD was
an independent predictor of falls in NH residents. The two studies that identified CKD as a
predictor of falls were subgroup analyses from randomized controlled trials of Vitamin D
therapy that enrolled independent older adults (age range = 65-77 years) who had few severe
chronic illnesses.”:8 One study enrolled women with osteoporosis (those with severe chronic
illnesses were excluded) and, after 36 months of follow-up, 24-hr urine creatinine clearance
(CrCl) was a significant predictor of incident falls in the placebo arm.8 In the other study, a
relatively healthy cohort of older adults (average albumin was 42.3 g/L) was followed for 36
weeks, and those with a serum CrCl < 65ml/min had at least threefold greater risk of
incident falls (Odds Ratio 3.68, 95% CI, 1.38-9.82) than those with CrCl = 65 ml/min.”
These two studies accounted primarily for osteoporosis risk factors,”-8 while we used an
expansive list of traditional fall risk factors as covariates. Despite these differences in
population and study design, the prevalence of CKD was comparable, if not higher, in our
cohort (35%) compared to the community-based cohorts (21-37%).7:8 After consideration of
this existing literature, our findings suggest that in an already frail population with a history
of prior falls, the presence of CKD does not further increase fall risk, while it does identify
those at higher risk in a healthier population. Also, the cohort members already had high fall
risk so after accounting for traditional fall risk factors, CKD does not further increase their
fall risk.
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Our findings in this cohort of NH residents with primarily moderate reductions in eGFR do
not rule out an association between lower levels of eGFR with fall risk. Only 8% of our
sample had an eGFR < 30ml/min/1.73m2, and because CKD complications are more likely
to develop at or below this level of eGFR in older adults, we may not have had enough
subjects with advanced CKD to detect an association.2> Patients with end-stage renal disease
(ESRD) have higher fall rates than in older adults in the general population®26; however,
because only 4% of the sample had eGFR <15ml/min/1.73m?2, we were unable to evaluate
for an association of eGFR with falls among NH residents with ESRD. Another
consideration is that GFR estimating equations can overestimate kidney function in older
adults.22 These equations have limited accuracy at high eGFR values and in individuals with
low muscle mass. A large proportion of our cohort had normal eGFR values (and plausibly
low muscle mass), so the limited accuracy of eGFR values as a measure of true GFR may
have influenced our results.

The association of eGFR with recurrent falls did vary by age among members of this cohort.
For residents under age 80, unadjusted median fall rates substantially increased (from 8.8 to
13.9 falls per resident per year) as eGFR values decreased (from =60 to <45 ml/min/
1.73m2). However, this relationship between eGFR and falls was not present in residents
over age 80. An age interaction in the association of eGFR with fall risk seems to support
the possibility that the presence of CKD may be a stronger risk factor for falls in younger
less frail NH residents, but this finding needs additional research to confirm. These results
may also reflect some confounding by activity level as a large proportion of bedbound
residents were over the age of 80 in this cohort. Residents who are bedbound have fewer
opportunities to experience falls.2

CKD diagnosis in a NH resident who falls could provide clues to evaluate for traditional fall
risk factors (e.g., orthostatic hypotension, anemia, and Vitamin D deficiency) that are also
complications of CKD. Still, the disease itself is not a significant fall risk factor for NH
fallers. This finding supports an argument for greater emphasis on targeting physical and
cognitive impairments for fall prevention than targeting disease management.28 Because
there are various impairments, existing multifactorial programs remains paramount for fall
prevention.

The results of this study should be interpreted with consideration of the following
limitations. First, we used single creatinine values obtained during routine clinical care so
we were not able to control the timing of eGFR measurement in relation to the index fall.
Thus, eGFR values used in our study occurring after a fall might have been a consequence
of a fall rather than a potential risk factor for falls. Also, using a single creatinine measure
increases the risk of misclassification of kidney function. We attempted to minimize this
measurement bias by using eGFR values not associated with hospitalization or ER visits.
Second, the accuracy of eGFR by the MDRD equation is limited in populations with age-
related muscle wasting.2 GFR estimating equations with greater accuracy at higher eGFR
values and in patients with low muscle mass may yield different results (i.e., equations based
on serum cystatin-C), but are not widely used in clinical practice.2® Third, we used multiple
data sources (e.g., medical records, MDS, fall logs) to identify fall events, but the chart
abstraction process is unable to capture undocumented falls. The parent study's chart
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abstraction process was restricted so we were not able to describe resident functional status
or the proportion of residents who required long-term care or short-term rehabilitation.
Fourth, this study cohort is not international so it has limited generalizability. Last, we could
not account for unmeasured confounders (e.g., blood pressure or medications before each
fall event).

Conclusion

Among members of this cohort of nursing home residents were at high risk for falling, the
presence of a low eGFR was not a risk factor for recurrent falls in the overall cohort, but was
associated with recurrent falls among younger cohort members. In general, traditional fall
risk factors that are not tied to a particular underlying disease process (e.g., prior history of
falls, impaired mobility, and orthostatic hypotension) were more strongly associated with
recurrent falls than individual co-morbid conditions. Although CKD and other chronic
conditions are increasing prevalent among NH residents, NHs should continue fall
prevention strategies that target traditional fall risk factors.
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Figure 1.
Median Fall Rate by Estimated Glomerular Filtration Rate Category

Abbreviations: eGFR = estimated glomerular filtration rate.

The cohort's unadjusted median fall rate per 100 patient-days divided into three categories:
eGFR > 60ml/min/1.73m2, eGFR = 45 and <60ml/min/1.73m? and eGFR <45ml/min/
1.73m2.
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Figure 2.
Estimated Glomerular Filtration Rate Interaction with Age Threshold of 80 Years

Abbreviations: eGFR = estimated glomerular filtration rate.
Solid line indicates age over 80 years. Dotted line indicates age under 80 years.
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Table 2
Associations with Fall Rate, Unadjusted and Adjusted Analyses

Predictor Variables Fall Rate Ratio
(95% Confidence Interval)

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Unadjusted

Adjusted

eGFR (per 10ml/min/1.73m?2)

eGFR Category@

eGFR 45-60ml/min/1.73m?

eGFR<45ml/min/1.73m?
Age
FemaleP

Race
African-American race®

Other raceC
Stroke
Peripheral Neuropathy
Parkinson's Disease
Orthostatic Hypotension
Visual Impairment
Cognitive Impairment
Prior Falls in last 180 days
Psychotropic Med use
Assistive Device Use
Cane/Walkerd
Wheelchaird
Walks with Assistance

Vitamin D supplement use

Anemia

0.99 (0.97, 1.02)

0.97 (0.77, 1.23)
1.05 (0.84, 1.31)
1.00 (0.99, 1.01)
0.98 (0.79, 1.21)

1.06 (0.85, 1.32)
0.92 (0.61, 1.39)

0.99 (0.82, 1.19)
1.07 (0.84, 1.37)
112 (0.82, 1.53)
1.52 (1.12, 2.07)
1.07 (0.89, 1.29)
1.14 (0.95, 1.37)
1.25 (1.05, 1.49)
1.25 (0.95, 1.65)

1.88 (1.32, 2.67)
1.59 (1.12, 2.26)

1.48 (1.24, 1.75)
1.01 (0.84, 1.20)
1.17 (0.97, 1.41)

1.00 (0.97, 1.02)

0.97 (0.76, 1.23)
1.06 (0.85, 1.32)
1.00 (0.99, 1.01)
1.01 (0.81, 1.26)

1.12 (0.89, 1.39)

0.98 (0.66, 1.46)

1.52 (112, 2.05)

1.25 (1.05, 1.49)

1.64 (L.16, 2.33)
1.38 (0.97, 1.96)

1.47 (1.23, 1.75)

bCompared to male.

aCompared to eGFR>60mI/min/1.73m2.

d - ’
Compared to no assistive device use.

Abbreviations: eGFR = estimated glomerular filtration rate.

Compared to white race. Other race includes American Indian, Asian, and Hispanic.
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