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Abstract
Background and objectives Falls are common and associated with adverse outcomes in patients on dialysis.
Limited data are available in earlier stages of CKD.
Design, setting, participants, & measurements We analyzed data from 8744 Reasons for Geographic and Racial
Differences in Stroke Study participants $65 years old with Medicare fee for service coverage. Serious fall injuries
were deﬁned as a fall-related fracture, brain injury, or joint dislocation using Medicare claims. Hazard ratios
(HRs) for serious fall injuries were calculated by eGFR and albumin-to-creatinine ratio (ACR). Among 2590
participants with CKD (eGFR,60 ml/min per 1.73 m2 or ACR$30 mg/g), cumulative mortality after a serious
fall injury compared with age-matched controls without a fall injury was calculated.
Results Overall, 1103 (12.6%) participants had a serious fall injury over 9.9 years of follow-up. The incidence
rates per 1000 person-years of serious fall injuries were 21.7 (95% conﬁdence interval [95% CI], 20.3 to 23.2),
26.6 (95% CI, 22.6 to 31.3), and 38.3 (95% CI, 31.2 to 47.0) at eGFR levels $60, 45–59, and ,45 ml/min per
1.73 m2, respectively, and 21.3 (95% CI, 20.0 to 22.8), 31.7 (95% CI, 27.5 to 36.5), and 42.2 (95% CI, 31.3 to 56.9) at
ACR levels ,30, 30–299, and $300 mg/g, respectively. Multivariable adjusted HRs for serious fall injuries
were 0.91 (95% CI, 0.76 to 1.09) and 1.09 (95% CI, 0.86 to 1.37) for eGFR=45–59 and ,45 ml/min per 1.73 m2,
respectively, versus eGFR$60 ml/min per 1.73 m2 and 1.31 (95% CI, 1.11 to 1.54) and 1.81 (95% CI, 1.30 to 2.50)
for ACR=30–299 and $300 mg/g, respectively, versus ACR,30 mg/g. Among participants with CKD, cumulative 1-year mortality rates among patients with a serious fall and age-matched controls were 21.0% and
5.5%, respectively.
Conclusions Elevated ACR but not lower eGFR was associated with serious fall injuries. Evaluation for fall risk
factors and fall prevention strategies should be considered for older adults with elevated ACR.
Clin J Am Soc Nephrol 11: 1236–1243, 2016. doi: 10.2215/CJN.11111015

Introduction
Falls are common among older adults and can result
in serious injury and death (1–3). Although the risk
for falls has been reported among older patients with
ESRD (4,5), it is unclear whether an association exists
between earlier stages of CKD and the risk for falls.
Prior studies have shown only modest associations of
reduced eGFR and elevated albumin-to-creatinine ratio (ACR) with falls (6,7). However, these studies
have been limited by a cross-sectional design, reliance on self-report to assess falls, and lack of information on falls that result in a serious injury.
Although not all falls result in injury, older adults
who experience a serious fall injury are at highest
risk for functional decline, loss of independence,
and nursing home placement (8,9). Therefore, the
purpose of this study was to determine the association of reduced eGFR and elevated ACR with risk for
serious fall injuries deﬁned as a fall-related fracture,
brain injury, or joint dislocation. Additionally,
1236
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among individuals with CKD, we evaluated risk factors for serious fall injuries and the association of a
serious fall injury with mortality. To address these
goals, we analyzed data from a prospective cohort
study, the Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study, linked to Medicare claims.
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Materials and Methods
Study Participants
The REGARDS Study was designed to evaluate the
excess stroke mortality among black people compared with white people and residents of the southeastern United States. Details on the design and
conduct of the REGARDS Study have been published
previously (10). In brief, between January 1, 2003
and October 31, 2007, 30,239 participants were enrolled in the REGARDS Study. Black people and residents of the Stroke Belt region of the United States
were oversampled. We restricted this analysis to
www.cjasn.org Vol 11 July, 2016
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REGARDS Study participants $65 year old (n=14,961)
with Medicare Parts A and B but not C coverage at baseline (n=9528). Medicare is the United States federal health
insurance program for people $65 years old and younger
adults with disabilities or ESRD. Medicare Parts A and B are
fee for service programs that provide insurance coverage for
inpatient and outpatient care, respectively. Medicare Part C
is a managed care program, and claims for individuals with
this coverage are not complete. We excluded participants
who did not have available data on eGFR (n=384) or ACR
(n=355) and those on dialysis at baseline (n=45), leaving
8744 participants for this analysis. The REGARDS Study
protocol was approved by the institutional review boards
at the participating institutions, and all participants provided written informed consent.
Data Collection
Baseline data were obtained through a telephone interview, self-administered questionnaires, and an in–home
study visit. Trained staff conducted computer–assisted
telephone interviews to obtain information on demographics, education, household income, cigarette smoking status, cognitive impairment, depressive symptoms,
exhaustion, impaired mobility, history of falls, and selfreport of prior physician–diagnosed comorbid conditions
and use of an antihypertensive medication. After the interview, an in–home study visit included the measurement
of height, weight, and BP; a pill bottle review of all medications taken during the 2 weeks preceding the visit;
collection of blood and urine samples, and an electrocardiogram (ECG). Blood samples were shipped overnight to
the REGARDS Study central laboratory at the University
of Vermont.
Atrial ﬁbrillation was deﬁned by self-report or ECG.
History of coronary heart disease (CHD) was deﬁned by
self-report of a prior diagnosis, prior coronary revascularization procedure, or ECG evidence of myocardial
infarction. Stroke was deﬁned on the basis of self-report.
Diabetes was deﬁned by self-report of a prior diagnosis
(excluding gestational diabetes) with current use of insulin
or oral hypoglycemic agents, a fasting blood glucose $126
mg/dl, or a nonfasting blood glucose $200 mg/dl. After a
standardized protocol, systolic BP and diastolic BP were
measured two times with the participant in a seated position. The average of the two measurements was calculated.
Hypotension was deﬁned as systolic BP,110 mmHg. To be
categorized as taking antihypertensive medication, participants had to both self-report taking antihypertensive medication and have one or more classes of antihypertensive
medication identiﬁed during the pill bottle review. Body
mass index (BMI) was categorized as ,18.5, 18.5 to ,25,
and $25 kg/m2. Elevated C–reactive protein was deﬁned
as .3 mg/L. Cognitive impairment was deﬁned as four or
less on the six-item screener (11). The presence of depressive symptoms was deﬁned as four or more on the four–
item Center for Epidemiologic Studies Depression Scale
(12). Exhaustion was deﬁned as answering little or none
to the Short Form 12 question, “How much of the time
during the past 4 weeks did you have a lot of energy?”
Impaired mobility was deﬁned as responding a lot on the
Short Form 12 question, “Does your health now limit you
in climbing several ﬂights of stairs?” Fall history was
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obtained by self-report within the past year. Psychoactive
medication use was deﬁned as using one or more of benzodiazepine, antipsychotics, or antidepressants, and polypharmacy was deﬁned as the use of more than four
medications.
Measures of Kidney Function
Serum creatinine assays were performed at the University of Vermont and calibrated with an isotope dilution
mass spectroscopic standard. The Chronic Kidney Disease
Epidemiology Collaboration equation was used to calculate eGFR, which was categorized into three levels: $60,
45–59, and ,45 ml/min per 1.73 m2 (13). Urinary albumin and urinary creatinine were measured at the Department of Laboratory Medicine and Pathology at the
University of Minnesota using the BN ProSpec Nephelometer from Dade Behring, Inc. (Newark, NJ) and reported as ACR (,30, 30–299, and $300 mg/g). CKD
was deﬁned as an eGFR,60 ml/min per 1.73 m2 or an
ACR$30 mg/g.
Serious Fall Injuries and Mortality
We obtained data on serious fall injuries through
Medicare claims. The REGARDS Study participants were
linked to Medicare enrollment and claims data through
December 31, 2012 by Social Security Number, with
conﬁrmation assessed by matching sex and date of birth
obtained during the REGARDS Study interview with the
Medicare beneﬁciary summary ﬁle. Using a previously
published algorithm (14), we deﬁned serious fall injuries
as an emergency department or inpatient claim with a
fall–related E code (8800–8889) and an International Classiﬁcation of Diseases, Ninth Revision diagnosis code for
nonpathologic skull, facial, cervical, clavicle, humeral,
forearm, pelvic, hip, ﬁbula, tibia, or ankle fractures
(80000–80619, 8070–8072, 8080–8089, 81000–81419, 8180–
8251, or 8270–8291); brain injury (85200–85239); or dislocation of the hip, knee, shoulder, or jaw (8300–83219,
83500–83513, or 83630–83660). For claims without a fall–
related E code, emergency department or inpatient claims
for the serious injuries listed above were deﬁned as a serious fall injury in the absence of a motor vehicle accident
E code (8100–8199) (14). For the analysis of serious fall
injuries, participants were followed until their ﬁrst serious
fall injury, loss of Medicare fee for service Parts A or B
coverage, initiation of Part C coverage, death, or December
31, 2012. Mortality was deﬁned as date of death recorded
in the Medicare beneﬁciary summary ﬁle. Medicare data
are linked to the Social Security Administration to determine mortality information.
Statistical Analyses
Participant characteristics and the incidence rates of
serious fall injuries were calculated by level of eGFR and
separately, level of ACR. Cox proportional hazards
models were used to calculate the hazard ratio (HR) for
serious fall injuries associated with levels of eGFR and
separately, ACR. Initially, HRs were adjusted for age,
race, sex, and geographic region of residence. In a second
model, HRs were further adjusted for education, income,
cigarette smoking, CHD, diabetes mellitus, stroke, atrial
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Table 1. Baseline characteristics of the Reasons for Geographic and Racial Differences in Stroke Study Medicare–linked population
‡65 years old by eGFR

eGFR, ml/min per 1.73 m2
Participant Characteristics
Age, yr
,70
70–79
$80
Women
Black
Geographic region
Stroke Belt
Stroke Buckle
Other region
Less than a high school education
Household income ,$20,000
Current smoker
Atrial ﬁbrillation
Coronary heart disease
Stroke
Diabetes mellitus
Hypotension (systolic BP ,110 mmHg)
Use of antihypertensive medication
Body mass index, kg/m2
,18.5
18.5–24.9
$25.0
High–sensitivity C–reactive protein .3 mg/L
Cognitive impairment
Depressive symptoms
Exhaustion
Impaired mobility
Self-reported fall in the prior year
Use of psychoactive medication
Polypharmacy (more than four medications)

P Value
Trend

$60, n=7140

45–59, n=1064

,45, n=540

39.5
48.9
11.6
49.2
31.1

21.8
54.0
24.3
52.2
31.2

19.8
47.0
33.2
55.7
36.1

,0.001
0.38
,0.001
0.001
0.04

36.4
22.8
40.8
14.3
21.8
9.4
10.1
22.9
7.0
20.2
8.1
52.4

35.9
22.0
42.1
18.5
24.1
8.7
13.9
32.1
11.5
27.1
7.4
72.9

33.0
25.4
41.7
20.7
32.5
9.5
19.4
39.2
13.1
36.6
8.5
79.6

0.14
0.42
0.46
,0.001
,0.001
0.70
,0.001
,0.001
,0.001
,0.001
0.94
,0.001

1.4
27.9
70.7
2.8
9.2
8.4
11.8
15.1
7.6
14.6
63.0

2.3
26.1
71.6
5.0
13.3
9.6
17.2
21.2
9.7
20.1
76.8

1.9
23.7
74.4
6.1
15.8
10.2
21.9
28.0
11.1
21.7
87.4

0.10
0.02
0.07
,0.001
,0.001
0.08
,0.001
,0.001
,0.001
,0.001
,0.001

Numbers are percentages. The Stroke Buckle includes the coastal plain of North Carolina, South Carolina, and Georgia. The Stroke Belt
includes the remainder of North Carolina, South Carolina, and Georgia and the states of Tennessee, Mississippi, Alabama, Louisiana,
and Arkansas. Other region includes the 40 other contiguous states in the United States and Washington, DC.

ﬁbrillation, BMI, C-reactive protein, hypotension, and use
of antihypertensive medication. A third model included
additional adjustment for ACR when assessing the association of eGFR and serious fall injuries and eGFR when
assessing ACR with serious fall injuries. Full multivariable adjustment (model 4) included variables in the third
model and the following fall risk factors: cognitive
impairment, depressive symptoms, exhaustion, impaired
mobility, self-reported falls in the year before baseline,
use of a psychoactive medication, and polypharmacy.
This analysis was repeated using a competing risk model
to calculate sub-HRs for serious fall injuries accounting
for deaths that occurred during follow-up (15). The joint
effect of reduced eGFR and elevated ACR was assessed
by calculating the HR for serious fall injuries by the cross
categorization of eGFR and ACR levels. HRs for serious
falls injuries associated with baseline characteristics (i.e.,
the covariates in model 4) were calculated among participants with CKD. Also, cumulative mortality was calculated among participants with CKD experiencing a

serious fall injury and among age-matched controls
with CKD but without a serious fall injury using the
Kaplan–Meier method. Controls for this analysis were
matched on age and being free of a serious fall injury
at the time during follow-up when a participant
experienced a serious fall injury using incidence density
sampling.
We conducted two sensitivity analyses. First, because
older adults are more likely to have reduced muscle mass,
which is associated with lower levels of urinary creatinine
and may lead to higher ACR, we examined each component of ACR separately. Speciﬁcally, the HRs for serious
fall injuries associated with urinary albumin, urinary
creatinine, and ACR modeled as continuous variables
(per twofold higher level) were calculated. Second, the
associations of sex–speciﬁc urinary ACR (categorized as
normal/mildly increased: ACR,17 mg/g in men,
ACR,25 mg/g in women; moderately increased:
ACR$17–249 mg/g in men and ACR$25–354 mg/g in
women; or severely increased: ACR$250 mg/g in men
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comorbid conditions, and fall risk factors were seen at
higher levels of ACR, with the exceptions that a lower
percentage of those with higher ACR were women and a
higher percentage of those with higher ACR were black
(Table 2).

and ACR$355 mg/g women) with serious fall injuries
were calculated.
For all analyses, missing data for covariates (Supplemental Table 1) were imputed with 10 datasets using
chained equations. Analyses were conducted using SAS,
version 9.2 (SAS Institute Inc., Cary, NC) and STATA/IC
13 (StataCorp., College Station, TX).

CKD and Serious Fall Injuries
Overall, 1103 (12.6%) participants had a serious fall
injury over 47,745 person-years of follow-up (median
follow-up of 5.9 years and maximum follow-up of 9.9
years). The incidence rates per 1000 person-years (95%
conﬁdence interval [95% CI]) of serious fall injuries were
21.7 (95% CI, 20.3 to 23.2), 26.6 (95% CI, 22.6 to 31.3), and
38.3 (95% CI, 31.2 to 47.0) at eGFR levels $60, 45–59, and
,45 ml/min per 1.73 m2, respectively, and 21.3 (20.0 to
22.8), 31.7 (95% CI, 27.5 to 36.5), and 42.2 (95% CI, 31.3
to 56.9) at ACR levels ,30, 30–299, and $300 mg/g, respectively (Table 3).
No association was present between eGFR and serious
fall injuries after multivariable adjustment (Table 3). There

Results
Participant Characteristics
Participants with lower eGFR were more likely to be
older; be women; have less than a high school education;
report a lower household income; have atrial ﬁbrillation,
CHD, stroke, or diabetes mellitus; and use an antihypertensive medication (Table 1). At lower levels of eGFR, a
higher percentage of participants had fall risk factors, including cognitive impairment, depressive symptoms, exhaustion, impaired mobility, and a self-reported fall in the
prior year. Similar patterns of demographic characteristics,

Table 2. Baseline characteristics of the Reasons for Geographic and Racial Differences in Stroke Study Medicare–linked population
‡65 years old by albumin-to-creatinine ratio

Albumin-to-Creatinine Ratio, mg/g
Participant Characteristics
Age, yr
,70
70–79
$80
Women
Black
Geographic region
Stroke Belt
Stroke Buckle
Other region
Less than a high school education
Household income ,$20,000
Current smoker
Atrial ﬁbrillation
Coronary heart disease
Stroke
Diabetes mellitus
Hypotension (systolic BP ,110 mmHg)
Use of antihypertensive medication
Body mass index, kg/m2
,18.5
18.5–24.9
$25.0
High–sensitivity C–reactive protein .3 mg/L
Cognitive impairment
Depressive symptoms
Exhaustion
Impaired mobility
Self-reported fall in the prior year
Use of psychoactive medication
Polypharmacy (more than four medications)

P Value
Trend

,30, n=7221

30–299, n=1271

$300, n=252

37.7
49.1
13.3
51.1
30.0

28.3
51.4
20.3
45.5
35.3

31.8
48.8
19.4
38.1
52.8

,0.001
0.31
,0.001
,0.001
,0.001

36.4
22.9
40.7
14.2
21.5
8.5
10.2
23.0
6.9
18.5
8.7
54.3

35.7
22.0
42.3
19.3
27.9
13.1
15.4
32.0
12.1
36.0
5.0
65.2

29.4
26.2
44.4
21.0
32.9
15.1
15.7
47.5
17.5
54.4
3.2
81.0

0.06
0.79
0.11
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

1.4
27.8
70.8
2.6
9.5
8.3
11.8
15.1
7.4
15.5
64.4

2.5
25.6
71.9
5.9
12.1
10.5
18.7
24.0
10.9
16.8
73.0

1.2
25.0
73.8
9.9
17.5
11.5
20.2
22.2
14.7
15.9
81.4

0.06
0.07
0.21
,0.001
,0.001
0.002
,0.001
,0.001
,0.001
0.30
,0.001

Numbers are percentages. The Stroke Buckle includes the coastal plain of North Carolina, South Carolina, and Georgia. The Stroke Belt
includes the remainder of North Carolina, South Carolina, and Georgia and the states of Tennessee, Mississippi, Alabama, Louisiana,
and Arkansas. Other region includes the 40 other contiguous United States states and Washington, DC.

1 (reference)
1.31 (1.11 to 1.54)
1.81 (1.30 to 2.50)
1 (reference)
1.33 (1.13 to 1.55)
1.86 (1.34 to 2.57)
1 (reference)
1.33 (1.13 to 1.56)
1.90 (1.39 to 2.62)
21.3 (20.0 to 22.8)
31.7 (27.5 to 36.5)
42.2 (31.3 to 56.9)

21.7 (20.3 to 23.2)
26.6 (22.6 to 31.3)
38.3 (31.2 to 47.0)

eGFR, ml/min per 1.73 m
$60
45–59
,45
ACR, mg/g
,30
30–299
$300

2

Model 1 is adjusted for age, race, sex, and geographic region of residence. Model 2 is adjusted for variables in model 1 and education, income, smoking status, coronary heart disease, diabetes
mellitus, stroke, atrial ﬁbrillation, body mass index, C-reactive protein .3 mg/L, hypotension, and use of antihypertensive medication. Model 3 is adjusted for variables in model 2 and albuminto-creatinine ratio (ACR) for the model of eGFR and eGFR for the model of ACR. Model 4 is adjusted for variables in model 3 and cognitive impairment, depressive symptoms, exhaustion,
impaired mobility, self-reported falls in the year before baseline, use of psychoactive medication, and polypharmacy. 95% CI, 95% conﬁdence interval; ACR, albumin-to-creatinine ratio.
a
Incidence per 1000 person-years.

1 (reference)
0.91 (0.76 to 1.09)
1.09 (0.86 to 1.37)
1 (reference)
0.94 (0.79 to 1.13)
1.12 (0.89 to 1.40)
1 (reference)
0.98 (0.81 to 1.17)
1.23 (0.99 to 1.55)
1 (reference)
1.03 (0.86 to 1.23)
1.38 (1.10 to 1.72)

Model 1
Incidencea (95% CI)

1 (reference)
1.48 (1.26 to 1.73)
2.32 (1.70 to 3.15)

Model 4
Model 3
Model 2

Hazard Ratio (95% CI)
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was a graded association between level of ACR and serious fall injuries before and after multivariable adjustment.
After full multivariable adjustment and compared with
those with an ACR,30 mg/g, the HRs (95% CIs) for serious fall injuries were 1.31 (95% CI, 1.11 to 1.54) and 1.81
(95% CI, 1.30 to 2.50) for participants with ACR=30–299
and $300 mg/g, respectively. Similar to the Cox proportional hazards models, no association was present between lower eGFR and serious fall injuries in the
competing risk model (Supplemental Table 2). In the competing risk analysis, ACR remained associated with
higher risk for serious fall injuries. The joint association
of reduced eGFR and elevated ACR is displayed in Supplemental Table 3.
Risk Factors for Serious Fall Injuries in Participants with
CKD
Among participants with CKD (n=2590), 386 (14.9%)
had a serious fall injury during follow-up over 12,756 person-years (median follow-up of 5.2 years and maximum
follow-up of 9.9 years). In the multivariable adjusted
model, age $80 years old, women, CHD, diabetes mellitus, BMI,18.5 kg/m2, depressive symptoms, and selfreport of a fall in the prior year were associated with a
higher risk of a serious fall injury. Black race and
BMI$25.0 kg/m2 were associated with a lower risk for a
serious fall injury (Table 4).
Serious Fall Injuries and Mortality in Participants with CKD
Among participants with CKD, 993 (38.3%) died over
12,756 person-years of follow-up. Participants with CKD
who had serious fall injuries experienced higher mortality
over the following year compared with their counterparts
who did not have a serious fall injury (Figure 1). Cumulative mortality rates among those with a serious fall injury
and age-matched controls without a serious fall injury
were 6.5% and 0.3%, respectively, at 30 days and 21.0%
and 5.5%, respectively, at 365 days.
Sensitivity Analyses
Compared with urinary albumin and separately, urinary creatinine, a stronger association was present between ACR and serious fall injuries (Supplemental Table
4). Consistent with the main analysis, higher sex–speciﬁc
urinary ACR categories were associated with higher risks
for serious fall injuries (Supplemental Table 5).

Discussion
In this prospective cohort study of older adults with
Medicare fee for service coverage, there were higher rates
of serious fall injuries at lower levels of eGFR and higher
levels of ACR. After multivariable adjustment for demographic factors, comorbid conditions, and fall risk factors,
higher ACR levels but not lower eGFR levels were
associated with serious fall injuries. Although attenuated,
the association between higher ACR and serious fall
injuries remained present when accounting for the competing risk of death. Among participants with CKD,
independent risk factors for serious fall injuries included
age $80 years old, women, CHD, diabetes mellitus,
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Table 4. Hazard ratios for serious fall injuries among participants with CKD (n=2590)

Participant Characteristics
Age, yr
,70
70–79
$80
Women
Black
Geographic region
Stroke Belt
Stroke Buckle
Other region
Less than a high school education
Household income ,$20,000
Current smoker
Coronary heart disease
Diabetes mellitus
Stroke
Atrial ﬁbrillation
Body mass index, kg/m2
,18.5
18.5–24.9
$25.0
High–sensitivity C–reactive protein .3 mg/L
Hypotension (systolic BP ,110 mmHg)
Use of antihypertensive medication
Cognitive impairment
Depressive symptoms
Exhaustion
Impaired mobility
Self-reported fall in the prior year
Use of psychoactive medication
Polypharmacy (more than four medications)

BMI,18.5 kg/m2, depressive symptoms, and a self-reported
history of falls. Furthermore, among participants with CKD
who experienced a serious fall injury, nearly one in ﬁve died
within a year of the fall.
Prior studies have shown that falls are common and
associated with poor health outcomes among older patients on hemodialysis and older patients on peritoneal
dialysis (4,5). For example, in one prospective study, investigators found an adjusted rate of 1.7 falls per year
among patients on peritoneal dialysis. Falls were associated with subsequent mortality in this study (5). However, prior studies were not able to distinguish fall risk
related to the dialysis treatment itself versus underlying
kidney disease. The association between earlier stages of
kidney disease and falls has been less well studied. Prior
studies have shown modest associations between measures of kidney function and a self-reported history of recurrent falls (7,16–18).
There are several potential explanations for the associations that we report. Although there were higher rates
of serious fall injuries at lower levels of eGFR, these
associations were not present after multivariable adjustment, suggesting confounding because of the presence of
comorbidities, such as diabetes and stroke. In contrast, an
association between elevated ACR and fall injuries was
present after multivariable adjustment. Among older
adults, elevated ACR has been shown to be associated

Multivariable Hazard Ratio (95% Conﬁdence Interval)
1 (reference)
1.18 (0.90 to 1.53)
1.77 (1.31 to 2.40)
1.42 (1.13 to 1.78)
0.56 (0.42 to 0.73)
0.92 (0.73 to 1.17)
1.11 (0.86 to 1.43)
1 (reference)
1.13 (0.85 to 1.51)
1.09 (0.83 to 1.42)
0.93 (0.64 to 1.35)
1.24 (1.00 to 1.55)
1.66 (1.33 to 2.09)
1.25 (0.93 to 1.70)
1.16 (0.89 to 1.52)
2.00 (1.16 to 3.46)
1 (reference)
0.76 (0.60 to 0.96)
1.47 (0.94 to 2.30)
0.66 (0.42 to 1.05)
0.89 (0.70 to 1.12)
1.21 (0.85 to 1.71)
1.53 (1.15 to 2.05)
1.10 (0.84 to 1.44)
0.87 (0.67 to 1.13)
1.78 (1.34 to 2.37)
1.15 (0.89 to 1.49)
1.25 (0.94 to 1.66)

with established fall risk factors, including cognitive
impairment and mobility impairment (6,19). Shared risk
factors for these geriatric conditions and albuminuria,
such as vascular endothelial damage, may explain the
associations between ACR and serious fall injuries (20).
It is also possible that microvascular disease directly impairs muscle metabolism or affects physical performance,
leading to a higher risk for falls (21,22). Inﬂammation
may also play a role in loss of muscle mass in CKD
through the insulin resistance and stimulation of muscle
proteolysis (23).
Findings from this analysis have important clinical
implications. Although the majority of adults with reduced
eGFR or elevated ACR will not progress to ESRD (24,25), a
serious fall injury may lead to loss of independence, nursing home placement, and death. Multicomponent and risk
factor–targeted fall prevention interventions that address
both predisposing and precipitating risk factors have been
shown to reduce fall rates (2,26–28). This study suggests
that reduced eGFR may be a marker of higher fall risk and
that elevated ACR may be an independent predisposing
factor associated with serious fall injuries. Additionally,
we identiﬁed several factors associated with higher risk
of a serious fall injury among older adults with CKD.
For example, a self-reported fall in the prior year was associated with a future serious fall injury. Adding routine
fall risk assessment to the management of older adults

1242

Clinical Journal of the American Society of Nephrology

Figure 1. | Among those with CKD, compared with age-matched controls without a serious fall injury, having a serious fall injury was associated with higher mortality over the following year. Cumulative mortality rates among patients with a serious fall injury and age-matched
controls without a serious fall injury were 6.5% and 0.3%, respectively, at 30 days and 21.0% and 5.5%, respectively, at 365 days.

with CKD may prevent fall-related injuries, an outcome
that is important to patients. Additionally, elevated ACR
may be a useful risk factor to identify older adults at
higher risk for serious fall injuries. Future studies are necessary to determine if routine measurement of ACR in the
general clinic population is practical or cost efﬁcient for
identifying older adults at risk for serious fall injuries
and reducing these injuries. Because older adults are at
risk for multiple falls, future studies may also consider
the association of ACR with recurrent fall injuries using
multistate illness-death models (29).
These ﬁndings should be interpreted in the context of
known and potential limitations. This analysis was restricted
to community–dwelling older adults with Medicare fee for
service Parts A and B coverage, and ﬁndings may not be
generalizable to younger adults or those residing in nursing
homes. Although falls were ascertained through Medicare
claims using a previously published algorithm, misclassiﬁcation remains possible. Information on concurrent CKD
complications, such as serum bicarbonate, was not available,
and we could not assess the effect of acidosis on the association between measures of kidney function and serious fall
injuries. Objective measures of physical performance, such
as gait speed, balance, or lower extremity strength, or the
use of assistive devices, such as walkers or canes, were not
assessed during the baseline REGARDS Study visit. Because
eGFR and ACR were only obtained at baseline, we could not
determine the association of serious fall injuries and mortality adjusting for level of kidney function. Lastly, data on
other known risk factors for falls, including visual or hearing
impairment, low standing BP, or environmental hazards
such as loose rugs or lack of stair rails, were not available.
In conclusion, among older adults, the incidence of
serious fall injuries was higher at lower levels of eGFR and
higher levels of ACR. However, only ACR was associated
with risk for serious fall injuries after adjustment for

potential confounders. A serious fall injury was associated
with substantially higher mortality. Evaluation for fall risk
factors and multicomponent fall prevention strategies
should be considered for older adults with CKD to reduce
fall-related injuries.
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and independent risk factor for falls in elderly men and women: A
low creatinine clearance of less than 65 ml/min. Osteoporos Int
16: 332–338, 2005

CKD and Serious Fall Injuries, Bowling et al.

1243

17. Gallagher JC, Rapuri P, Smith L: Falls are associated with decreased renal function and insufficient calcitriol production by
the kidney. J Steroid Biochem Mol Biol 103: 610–613, 2007
18. Hall RK, Landerman LR, O’Hare AM, Anderson RA, ColónEmeric CS: Chronic kidney disease and recurrent falls in nursing
home residents: A retrospective cohort study. Geriatr Nurs 36:
136–141, 2015
19. Kurella Tamura M, Muntner P, Wadley V, Cushman M, Zakai NA,
Bradbury BD, Kissela B, Unverzagt F, Howard G, Warnock D,
McClellan W: Albuminuria, kidney function, and the incidence
of cognitive impairment among adults in the United States. Am J
Kidney Dis 58: 756–763, 2011
20. Kurella Tamura M, Xie D, Yaffe K, Cohen DL, Teal V, Kasner SE,
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Supplemental Table 1. Percentage of data missing for variables used in analyses.
Variable
Percent Missing
Household Income < $20,000
13.8%
Current smoker
0.3%
Hypertension
0.3%
Atrial fibrillation
2.3%
Coronary heart disease
1.7%
Stroke
0.5%
Diabetes mellitus
0.5%
Cognitive Impairment
24.3%
Exhaustion
0.03%
Impaired Mobility
0.01%
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Supplemental Table 2. Competing risk model – Subhazard ratios for serious fall injuries associated
with estimated glomerular filtration rate (eGFR; Top panel) and, separately, urinary albumin-to-creatinine
ratio (ACR; Bottom panel)
Sub-Hazard Ratio (95% CI)
2
Model 1
Model 2
Model 3
Model 4
eGFR, ml/min/1.73 m
≥ 60
1 (ref)
1 (ref)
1 (ref)
1 (ref)
0.98
0.94
0.92
0.89
45 – 59
(0.82-1.17)
(0.78-1.13)
(0.76-1.10)
(0.74-1.07)
1.19
1.09
1.02
1.00
< 45
(0.95-1.50)
(0.87-1.38)
(0.81-1.29)
(0.79-1.27)
ACR, mg/g
< 30
1 (ref)
1 (ref)
1 (ref)
1 (ref)
1.32
1.21
1.21
1.19
30 -299
(1.12-1.55)
(1.03-1.42)
(1.03-1.43)
(1.01-1.40)
1.72
1.45
1.45
1.39
≥ 300
(1.25-2.36)
(1.05-2.01)
(1.05-2.02)
(0.99-1.95)
CI = confidence interval
Model 1: Adjusted for age, race, sex, geographic region of residence
Model 2: Adjusted for variables in Model 1 and education, income, smoking status, CHD, diabetes
mellitus, stroke, atrial fibrillation, BMI, CRP > 3 mg/L, hypotension, use of antihypertensive medication
Model 3: Adjusted for variables in Model 2 and ACR for the model of eGFR and eGFR for the model of
ACR
Model 4: Adjusted for variables in Model 3 and cognitive impairment, depressive symptoms, exhaustion,
impaired mobility, self-reported falls in year prior to baseline, use of psychoactive medication,
polypharmacy
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Supplemental Table 3. Incidence rates and hazard ratios for serious fall injuries associated with the
cross-classification of estimated glomerular filtration rate (eGFR) and elevated urinary albumin-tocreatinine ratio (ACR)
Incidence (95% CI), per 1,000 person years
ACR, mg/g
< 30
30 -299
≥ 300
eGFR, ml/min/1.73 m2
≥ 60
20.5 (19.0-22.0)
29.3 (24.7-34.8)
41.4 (26.1-65.7)
45 – 59
23.6 (19.4-28.7)
34.3 (24.6-47.8)
49.8 (27.6-90.0)
< 45
35.5 (26.9-46.8)
44.6 (30.8-64.5)
38.6 (22.9-65.2)
Hazard ratio (95% CI)
Model 1
ACR, mg/g
< 30
30 -299
≥ 300
eGFR, ml/min/1.73 m2
≥ 60
1 (ref)
1.44 (1.19-1.74)
2.36 (1.48-3.78)
45 – 59
0.96 (0.77-1.18)
1.45 (1.03-2.04)
2.48 (1.36-4.51)
< 45
1.22 (0.91-1.64)
1.83 (1.25-2.68)
2.19 (1.29-3.72)
Model 2
ACR, mg/g
2
< 30
30 -299
≥ 300
eGFR, ml/min/1.73 m
≥ 60
1 (ref)
1.29 (1.07-1.56)
1.85 (1.15-2.97)
45 – 59
0.93 (0.75-1.15)
1.24 (0.88-1.75)
2.07 (1.13-3.79)
< 45
1.10 (0.82-1.49)
1.62 (1.10-2.37)
1.83 (1.07-3.12)
Model 3
ACR, mg/g
< 30
30 -299
≥ 300
eGFR, ml/min/1.73 m2
≥ 60
1 (ref)
1.29 (1.07-1.56)
1.88 (1.17-3.02)
45 – 59
0.91 (0.73-1.13)
1.12 (0.79-1.59)
2.03 (1.11-3.73)
< 45
1.08 (0.81-1.46)
1.60 (1.09-2.35)
1.64 (0.95-2.80)
HR = hazard ratio, CI = confidence interval
Model 1: Adjusted for age, race, sex, geographic region of residence
Model 2: Adjusted for variables in model 1 and education, income, smoking status, CHD, diabetes
mellitus, stroke, atrial fibrillation, BMI, CRP > 3 mg/L, hypotension, use of antihypertensive medication
Model 3: Adjusted for variables in model 2 and cognitive impairment, depressive symptoms, exhaustion,
impaired mobility, self-reported falls in year prior to baseline, use of psychoactive medication,
polypharmacy

BowlingCB et al.
REGARDS CKD and serious fall injuries

Page 4

Supplemental Table 4. Hazard ratios for serious fall injuries associated with urinary albumin, urinary
creatinine and urinary albumin-to-creatinine ratio (ACR) (per 2-fold higher level) in the REasons for
Geographic and Racial Differences in Stroke (REGARDS)-Medicare linked study population ≥ 65 years
old
Hazard Ratio (95% CI)*
Model 1
Model 2
Model 3
Model 4
Urine albumin
1.10 (1.07-1.14)
1.07 (1.04-1.11)
1.07 (1.04-1.11)
1.07 (1.03-1.10)
1/UCr
1.07 (1.01-1.14)
1.06 (0.99-1.13)
1.06 (0.99-1.13)
1.06 (0.99-1.13)
Urine ACR
1.14 (1.10-1.17)
1.10 (1.07-1.14)
1.10 (1.06-1.14)
1.10 (1.06-1.13)
CI = confidence interval, 1/Ucr = reciprocal of urinary creatinine
* Hazard ratios are presented for 2-fold higher level*
Model 1: Adjusted for age, race, sex, geographic region of residence
Model 2: Adjusted for variables in Model 1 and education, income, smoking status, CHD, diabetes
mellitus, stroke, atrial fibrillation, BMI, CRP > 3 mg/L, hypotension, use of antihypertensive medication
Model 3: Adjusted for variables in Model 2 and eGFR
Model 4: Adjusted for variables in Model 3 and cognitive impairment, depressive symptoms, exhaustion,
impaired mobility, self-reported falls in year prior to baseline, use of psychoactive medication,
polypharmacy
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Supplemental Table 5. Hazard ratios for serious fall injuries associated with sex-specific urinary
albumin-to-creatinine ratio (ACR) in the REasons for Geographic and Racial Differences in Stroke
(REGARDS)-Medicare linked study population ≥ 65 years old
Hazard Ratio (95% CI)
Sex-specific
Model 1
Model 2
Model 3
Model 4
ACR
Normal/mildly
1 (ref)
1 (ref)
1 (ref)
1 (ref)
increased
Moderately
1.43 (1.24-1.65)
1.28 (1.11-1.49)
1.28 (1.11-1.48)
1.27 (1.10-1.47)
increased
Severely
2.45 (1.81-3.32)
2.02 (1.48-2.75)
1.96 (1.42-2.69)
1.91 (1.39-2.63)
increased
CI = confidence interval
Normal/mildly increased < 17 mg/g men, <25 mg/g women
Moderately increased ≥ 17-249 mg/g in men, ≥ 25-354 mg/g women
Severely increased ≥ 250 mg/g in men, ≥ 355 mg/g women
Model 1: Adjusted for age, race, sex, geographic region of residence
Model 2: Adjusted for variables in Model 1 and education, income, smoking status, CHD, diabetes
mellitus, stroke, atrial fibrillation, BMI, CRP > 3 mg/L, hypotension, use of antihypertensive medication
Model 3: Adjusted for variables in Model 2 and eGFR
Model 4: Adjusted for variables in Model 3 and cognitive impairment, depressive symptoms, exhaustion,
impaired mobility, self-reported falls in year prior to baseline, use of psychoactive medication,
polypharmacy

