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Association of Serious Fall Injuries among United States
End Stage Kidney Disease Patients with Access to Kidney
Transplantation

Laura C. Plantinga ,1 Raymond J. Lynch,2 Rachel E. Patzer,2 Stephen O. Pastan,1 and C. Barrett Bowling3,4

Abstract
Backgroundandobjectives Serious fall injuries in the settingofESKDmaybeassociatedwithpoor access to kidney
transplant.We explored the burdenof serious fall injuries amongpatients ondialysis andpatients on thedeceased
donor waitlist and the associations of these fall injuries with waitlisting and transplantation.

Design, setting, participants, & measurements Our analytic cohorts for the outcomes of (1) waitlisting and (2)
transplantation included United States adults ages 18–80 years old who (1) initiated dialysis (n=183,047) and (2)
werewaitlisted for thefirst time (n=37,752) in 2010–2013. Serious fall injuriesweredeterminedbydiagnostic codes
for falls plus injury (fracture, joint dislocation, or head trauma) in inpatient and emergencydepartment claims; the
first serious fall injuryafter cohort entrywas includedasa time-varyingexposure.Follow-upendedat thespecified
outcome, death, or the last date of follow-up (September 30, 2014). We used multivariable Cox proportional
hazards models to determine the independent associations between serious fall injury and waitlisting or
transplantation.

ResultsOverall, 2-year cumulative incidenceof serious fall injurywas6%amongpatients on incidentdialysis;with
adjustment, patients who had serious fall injuries were 61% less likely to be waitlisted than patients who did not
(hazard ratio, 0.39; 95% confidence interval, 0.35 to 0.44). Among incident waitlisted patients (4% 2-year
cumulative incidence), those with serious fall injuries were 29% less likely than their counterparts to be
subsequently transplanted (hazard ratio, 0.71; 95% confidence interval, 0.63 to 0.80).

Conclusions Serious fall injuries among United States patients on dialysis are associated with substantially lower
likelihood of waitlisting for and receipt of a kidney transplant.
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Introduction
Among older adults, serious fall–related injuries are
associated with poor outcomes, including mortality,
institutionalization, and functional decline (1–3). Se-
rious fall injuries are common among older persons
with CKD (4), particularly as they approach ESKD (5);
after dialysis initiation, nearly one half of older
patients on hemodialysis report falls over 12 months
(6). Approximately one in ten older patients on dialysis
experience a serious fall injury in the first year (5), a
burden approximately 40% higher than that in the
general population age$65 years old (7). Such falls may
provide prognostic information: we found that older
patients on dialysis who experienced serious fall in-
juries in the year before dialysis initiation were more
likely to have subsequent serious fall injuries, be hos-
pitalized, use skilled nursing facilities, and die in the
first year of dialysis (8). Furthermore, the multifacto-
rial nature of falls and related injuries in this population
means that serious fall injuries may be prognostic
beyond traditionalmeasures of frailty or lower extremity
function.

However, little is known about serious fall injuries
in the relatively younger patients who may seek
kidney transplantation. Transplantation is associated
with better outcomes than dialysis (9,10), but most
(98%) patients with ESKD spend at least some time on
dialysis (9), potentially putting them at risk for serious
fall injuries that may adversely affect access to kidney
transplantation. Patients on dialysis who have serious
fall injuries may be evaluated negatively for potential
placement on the deceased donor waitlist, and pa-
tients on the waitlist may lose their chance at trans-
plantation because of perceived poor functioning
associated with serious fall injuries. Furthermore, pa-
tients who experience serious fall injuries may be
more likely to die before they can be waitlisted or
transplanted. Here, we examine the burden of serious
fall injuries and the associations between place-
ment on the deceased kidney donor waitlist (waitlist-
ing) and transplantation with serious fall injuries
among United States patients initiating dialysis
and being placed on the waitlist for the first time,
respectively.
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Materials and Methods
Study Population and Data Sources
The study was approved by the Emory University

Institutional Review Board. Data from Medicare ESKD
eligibility (Centers for Medicare and Medicaid Services-
2728 [CMS-2728]) forms and Part A (inpatient) and Part B
(outpatient) claims were obtained from the US Renal Data
System (USRDS) (9). Two retrospective cohorts were
formed for the outcomes of waitlisting and transplantation.
For both cohorts, patients ages 18–80 years old who initiated
dialysis in 2010–2013 and survived $90 days after dialysis
start were included (Figure 1). Patients with cohort entry
(Figure 2) or outcomes in the first 90 days of ESKD treatment
were excluded along with those lacking CMS-2728 forms.
The cohorts were further limited to those with both Parts A
and B coverage at cohort entry (Figure 1). Patients without
Part B claims were excluded to avoid differential ascertain-
ment of serious fall injuries treated in the emergency de-
partment. Overall, 183,047 patients on incident dialysis and
37,752 incident waitlisted patients were included in the
cohorts to examine waitlisting and transplantation outcomes,
respectively (Figure 1).

Study Variables
Serious Fall Injuries. Serious fall injuries were defined

by International Classification of Diseases, Ninth Revision
(ICD-9) codes in combined claims data from inpatient
and emergency encounters using a claims-based algorithm
(4,11,12). Emergency encounters were defined by place of
service or the type of provider. Serious fall injuries were
attributed to claimswith a fall-related E code (8800–8889) and
an injury 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, 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). Serious fall injuries were
treated as time-varying exposures from the start of dialysis or
waitlisting (Figure 2); after a patient experienced a serious fall
injury, they remained exposed for the remainder of the study.
Outcomes. Outcomes included time to waitlisting (90

days after dialysis start to date of waitlisting) and time to
transplant (date of waitlisting to date of transplant). These
time to event outcomes were censored for loss to follow-up
(including uncertain dialysis modality, withdrawal from
dialysis, and recovery of kidney function), death, end of
Medicare Parts A and B coverage, or end of study follow-
up (September 30, 2014).
Other Variables. Incident age, sex, treatment modality

history, and date of dialysis start were obtained from
the USRDS standard analytic files. Age at waitlisting was
estimated using the incident age, date of dialysis start, and
date of waitlisting. Race/ethnicity and body mass index
were provider reported on the Medicare ESKD eligibility
form (CMS-2728). For the dialysis cohort, comorbid con-
ditions were assigned if present on the CMS-2728. Because
of the lag between dialysis initiation and time of waitlisting
for the waitlisted cohort, comorbid conditions were as-
signed if present either on the CMS-2728 or in inpatient

discharge codes from all hospital discharges in the year up
to and including the cohort entry using the diagnostic
codes outlined in the CMS Chronic Conditions Warehouse
algorithms (13). Renal osteodystrophy and osteoporosis at
the time of the serious injury fall were assessed by ICD-9
codes (588.0 and 733.X, respectively).

Statistical Analyses
Patient characteristics were summarized overall and by

whether patients had at least one serious fall injury during
follow-up. Continuous and categorical characteristics were
compared by serious fall injury status by t tests and Fisher
exact or chi-squared tests, respectively. Extended Cox pro-
portional hazards models, allowing for changes in serious
fall injury status over time, were used to obtain hazard
ratios (HRs) for the association of serious fall injuries and
time to event outcomes. Adjustment was performed for
potential confounding demographic and clinical character-
istics in the primary models. Sensitivity analyses included
(1) additional adjustment for dialysis modality and addi-
tional comorbid conditions, (2) examination of the associ-
ation with serious fall injuries defined only as those with
an accompanying E code, and (3) examination of the
association only among those without a fall on dialysis
before waitlisting (waitlisted cohort only). We also ex-
amined (4) potential effect modification by age, sex, and
race/ethnicity using stratified models and testing of
interaction terms and (5) cumulative incidence of both
mortality and transplant access outcomes and sub-HRs
using flexible parametric and Fine and Gray (14) survival
models incorporating the competing risk of mortality.
Complete case analysis was used to handle missing
covariate data; overall, 1%–2% of observations were ex-
cluded from the fully adjusted models because of missing-
ness. All analyses were performed with Stata v 14.2 (College
Station, TX).

Figure 1. | Study exclusions leading to cohorts of 183,047 dialysis
patients and 37,752 waitlisted patients. Flow of participants in in-
cident 2010–2013United States cohorts of (A) patients on dialysis and
(B) waitlisted patients.

Clin J Am Soc Nephrol 13: 628–637, April, 2018 Serious Fall Injuries and Kidney Transplantation Access, Plantinga et al. 629



Results
Characteristics of Patients on Incident Dialysis
Overall, 7% of patients on incident dialysis had at least

one serious fall injury during follow-up (Table 1). Cumu-
lative incidence rates of serious fall injury were 4% and 6%
at 1 and 2 years, respectively. Those who had serious fall
injuries were older (66 versus 61 years old), were more
likely to be women (55% versus 42%), were white (64%
versus 51%), had hemodialysis as their first modality (96%
versus 93%), and had more comorbid conditions at dialysis
start (Table 1) compared with those who did not have
serious fall injuries. Patients excluded from this cohort
because of lack of Part B coverage were slightly younger (59
years old) than the included patients (62 years old). Serious
fall injuries in this cohort were primarily fractures, most
commonly in the limbs (Table 2).

Association of Serious Fall Injuries with Waitlisting among
Patients on Incident Dialysis
Crude waitlisting rates among those with versus without

serious fall injuries on dialysis were 1.3 versus 7.6 per 100
patient-years (Table 3). With adjustment for demographic
and clinical factors, patients who had serious fall injuries
while on dialysis remained 61% less likely to be waitlisted

than patients who did not (HR, 0.39; 95% confidence interval
[95% CI], 0.35 to 0.44) (Table 3). Additional adjustment for
dialysis modality, peripheral vascular disease, amputation,
inability to walk or transfer, and institutionalization gave
nearly identical results (Table 3).When only serious injury falls
for which there was an accompanying E code were consid-
ered (23%), results were similar in magnitude (Table 3). Renal
osteodystrophy and osteoporosis were coded in 1% and 6%,
respectively, of serious fall injury events overall and 0.8% and
5%, respectively, of serious fall injury events lacking E codes.
In subgroup analyses by age, sex, and race/ethnicity, the effect
of serious fall injuries was strongest in the older and other race
patients, but no interactionswere statistically significant (Table
3). Cumulative incidence of mortality and waitlisting (Figure
3) indicates that mortality was more frequent than waitlisting
in both groups but that this effect was disproportionately
higher among patients on dialysis who had serious fall injuries
while on dialysis; the sub-HR forwaitlisting among those with
serious fall injuries versus not, adjusting for the competing risk
of mortality, was 0.19 (95% CI, 0.17 to 0.21).

Incident Waitlisted Patient Characteristics
Among incident waitlisted patients, 5% had a serious fall

injury during follow-up (Tables 4). Cumulative incidence

Figure 2. | The study timeline shows that cohort entry beganat 90days for dialysis patients andat thedate ofwaitlisting forwaitlistedpatients,
with patients followed until outcome or censoring.Cohort entry (dotted line), follow-up, and ascertainment of serious fall injuries for incident
2010–2013 United States cohorts of (A) patients on dialysis and (B) waitlisted patients.
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rates of serious fall injury were 3% and 4% at 1 and 2 years,
respectively. Those who had serious fall injuries were older
(53 versus 50 years old), were more likely to be women (48%
versus 37%), were white (48% versus 35%), were on hemo-
dialysis at waitlisting (87% versus 85%), and had more
comorbid conditions at waitlisting than those patients who
did not. Those who experienced serious injury falls were
more likely than those who did not to be removed from the
waitlist because of deteriorating condition (11% versus 5%).
Of those with serious fall injuries who were removed from
the waitlist, 93% were removed after rather than before the
fall event; of these, 4%, 10%, and 18% were removed within
30 days, 90 days, and 6 months, respectively, of the event.
Patients who were excluded versus included from this
waitlisted cohort because of lack of Part B coverage were
of similarly ages (52 versus 52 years old). Fractures were the
most common injury, and limbs were the most common site
of injury (Table 5).

Association of Serious Fall Injuries with Transplantation
Crude transplantation rates among those with versus

without serious fall injuries on the waitlist were 5.77 versus
13.71 per 100 patient-years (Table 6). With adjustment for
demographic and clinical factors, patients who had serious
fall injuries while on the waitlist remained 29% less likely to
be transplanted than patients who did not (HR, 0.71; 95%
CI, 0.63 to 0.80) (Table 6). Additional adjustment for
dialysis modality at waitlisting and additional comorbid
conditions at dialysis start gave nearly identical results.

When only serious injury falls for which there was an
accompanying E code were considered (21%), results were
similar in magnitude (Table 6). Renal osteodystrophy and
osteoporosis were coded in 0.9% and 5%, respectively, of
serious fall injury events overall and 0.6% and 5%, re-
spectively, of serious fall injury events lacking E codes. In

Table 2. Type and location of serious fall injuries amongUnited
States patients ages 18–80 years old initiating dialysis in 2010–
2013

Type/Location of Serious Fall Injury No. (%) of Injuriesa

Total no. of patients with at least
one serious fall injury

12,367

Total no. of serious fall injuries 15,641
Type of injury
Fracture 14,350 (92)
Dislocation 334 (2)
Subarachnoid and subdural

hemorrhage after injury
1034 (7)

Location of injury
Head (skull, face, jaw) 1216 (8)
Spine 367 (2)
Chest (ribs, sternum, clavicle) 2130 (14)
Pelvis/hip 1283 (8)
Upper limb (shoulder to wrist) 3412 (22)
Lower limb (femur to metatarsals) 7903 (51)

aTotal column percentages may exceed 100% because of mul-
tiple types and locations of injuries during a single fall event.

Table 1. Characteristics of United States patients ages 18–80 years old initiating dialysis in 2010–2013 overall and by serious fall injury
over follow-up

Characteristic at Dialysis Start Overall
At Least One Serious Fall Injury

No Yes

N (%) 183,047 170,680 (93) 12,367 (7)
Demographics
Mean (SD) age, yr 62 (13) 61 (13) 66 (11)
Women, % 43 42 55
Race/ethnicity, %
Non-Hispanic white 52 51 64
Black 29 30 19
Hispanic white 14 14 13
Other 5 5 4

Clinical
Hemodialysis as first modality, % 93 93 96
Mean body mass index (SD), kg/m2 30.1 (8.3) 30.2 (8.3) 29.6 (8.2)
Comorbid conditions,a %
Diabetes 61 61 66
Ischemic heart disease 19 19 24
Cerebrovascular disease 10 10 12
Hypertension 88 88 87
Congestive heart failure 32 31 38
Cancer 7 7 8
Chronic obstructive pulmonary disease 11 10 13
Peripheral vascular disease 13 13 16
Amputation 4 4 4
Inability to walk 7 7 8
Inability to transfer 4 4 4
Institutionalized 8 8 10

n=183,047 for all in the dialysis cohort, except body mass index (n=181,469), race/ethnicity (n=182,744), and perceived as ineligible
(n=181,684).
aAs reported on the Centers for Medicare and Medicaid Services-2728 Medical Evidence form at dialysis start.
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the cohort excluding those with serious fall injuries on
dialysis before waitlisting (n=760), results did not change
(Table 6). Restricting the outcome to deceased donor trans-
plant (100% and 71% of transplants among those with and
without serious fall injuries, respectively) gave similar but
attenuated results (HR, 0.82; 95% CI 0.72 to 0.93). In
subgroup analyses by age, sex, and race/ethnicity, the
effect of serious fall injuries on likelihood of transplanta-
tion was strongest in the youngest and white patients, but
no interactions were statistically significant (Table 6).
Cumulative incidence of mortality and transplantation
(Figure 4) shows that mortality was more frequent than
transplantation in patients who had serious fall injuries
while on the waitlist; the sub-HR for transplantation
among those with serious fall injuries versus not, adjusting
for the competing risk of mortality, was 0.42 (95% CI, 0.38
to 0.47).

Discussion
Among patients on incident dialysis and incident wait-

listed patients, 6% and 4%, respectively, experienced
serious fall injuries over 2 years. Although the waitlisted

cohort, on average, was generally younger, was more likely
to be men, and had fewer comorbid conditions than the
dialysis cohort, serious fall injuries occurred more fre-
quently among older patients, women, and sicker patients
in each cohort. However, even with adjustment for these
factors, patients on incident dialysis and incident waitlisted
patients who experienced a serious fall injury remained
approximately 60% and 30% less likely to be waitlisted and
transplanted, respectively, than those who did not. The
magnitude of the effects was even stronger when death
was treated as a competing risk. Differences in observed
associations by age, sex, and race/ethnicity were minimal
and were not statistically significant.
Reduced rates of kidney transplantation among patients

who experience serious fall injuries may be clinically
appropriate if these serious fall injuries serve as proxies
for vulnerable states that may lead to poor outcomes for the
patient with a transplant. For example, frailty has been
shown to be associated with falls and serious fall injuries
among older adults (15) and patients on hemodialysis of all
ages (16–18). Frailty is common even among the healthier
transplant-eligible population of patients with ESKD, with
asmany as one in five kidney transplant recipients considered

Table 3. Association between serious fall injuries and waitlisting among United States patients ages 18–80 years old initiating dialysis in
2010–2013

Measure/Modela Overall
Serious Fall Injurya

No Yes

No. of patients 183,047 170,680 12,367
No. of patients waitlisted 18,811 18,470 341
Total patient-yr 269,965.1 243,425.9 26,539.2
Waitlisting rate, per 100 patient-yr 7.0 7.6 1.3
Hazard ratios for waitlisting by serious fall injury (95% CI)
Primary analyses
Crude 1.00 (Reference) 0.31 (0.28 to 0.35)
Adjusted, demographicsb 1.00 (Reference) 0.38 (0.34 to 0.43)
Adjusted, demographics + clinicalb 1.00 (Reference) 0.39 (0.35 to 0.44)

Sensitivity analysesc

Additional adjustment for
Dialysis modality 1.00 (Reference) 0.40 (0.36 to 0.45)
Peripheral vascular disease 1.00 (Reference) 0.39 (0.35 to 0.44)
Amputation 1.00 (Reference) 0.39 (0.35 to 0.44)
Inability to walk 1.00 (Reference) 0.39 (0.35 to 0.44)
Inability to transfer 1.00 (Reference) 0.39 (0.35 to 0.44)
Institutionalization 1.00 (Reference) 0.39 (0.35 to 0.44)

Fall injuries with E codes only 1.00 (Reference) 0.37 (0.30 to 0.47)
Subgroup analysesc

Age, yr
18–39 1.00 (Reference) 0.43 (0.32 to 0.58)
40–64 (P40–64318–39=0.70) 1.00 (Reference) 0.40 (0.35 to 0.46)
$65 (P$65318–39=0.10) 1.00 (Reference) 0.35 (0.28 to 0.43)

Sex
Men 1.00 (Reference) 0.38 (0.32 to 0.44)
Women (Pwomen3men=0.56) 1.00 (Reference) 0.41 (0.35 to 0.48)

Race/ethnicity
Non-Hispanic white 1.00 (Reference) 0.39 (0.33 to 0.45)
Black (Pblack3white=0.59) 1.00 (Reference) 0.39 (0.31 to 0.50)
Hispanic white (PHispanic3white=0.20) 1.00 (Reference) 0.45 (0.36 to 0.57)
Other (Pother3white=0.10) 1.00 (Reference) 0.24 (0.14 to 0.42)

n=181,204 for models. 95% CI, 95% confidence interval.
aFrom cohort entry to outcome or censoring.
bDemographics: age, sex, and race/ethnicity. Clinical: demographics plus bodymass index, comorbid diabetes, ischemic heart disease,
hypertension, cerebrovascular disease, congestive heart failure, chronic obstructive pulmonary disease, and cancer.
cUsing the fully adjusted (demographics + clinical) model.
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frail at the time of transplant (19). Importantly, frailty at
transplant is associated with early hospital readmissions
(20), graft loss (21), and mortality (22) among kidney
transplant recipients. Poor overall physical functioning and
specifically, lower extremity strength/mobility represent

other important vulnerable conditions, separate from
frailty, that could be indicated in serious fall injury events.
Both have been shown to be strongly associated with higher
risk of morbidity and mortality among transplant recipients
(23–25).

Table 4. Characteristics of United States patients ages 18–80 years old placed on the deceased donor kidney transplant waitlist for the
first time in 2010–2013 overall and by serious fall injury during follow-up

Characteristic at Waitlisting Overall
At Least One Serious Fall Injury

No Yes

N (%) 37,752 35,808 (95) 1944 (5)
Demographics
Mean (SD) age, yr 50 (13) 50 (13) 53 (13)
Women, % 38 37 48
Race/ethnicity, %
Non-Hispanic white 36 35 48
Non-Hispanic black 36 36 25
Hispanic 22 22 22
Other 7 7 5

Clinical
Hemodialysis, % 85 85 87
Mean body mass index at dialysis start (SD), kg/m2 29.6 (7.3) 29.6 (7.2) 29.4 (7.5)
Mean dialysis vintage (SD), yr 2.3 (2.4) 2.3 (2.4) 2.4 (2.4)
Comorbid conditions in year before cohort entry,a %
Diabetes 51 50 61
Ischemic heart disease 13 13 16
Cerebrovascular disease 5 5 6
Hypertension 91 91 89
Congestive heart failure 19 19 23
Cancer 3 3 4
Chronic obstructive pulmonary disease 4 3 4
Peripheral vascular disease 6 6 9
Amputation 2 2 3
Inability to walk 1 1 1
Inability to transfer 0.4 0.4 0.5
Institutionalized 1 1 2

n=37,752 forall inwaitlistedcohort, exceptbodymass index(n=37,307), race/ethnicity (n=37,607), andperceivedas ineligible (n=34,742).
aAs reported on the Centers for Medicare andMedicaid Services-2728 Medical Evidence form at dialysis start or in inpatient discharge
codes from all hospital discharges in the year up to and including the date of waitlisting. Peripheral vascular disease, amputation,
inability to walk and transfer, and institutionalization were obtained from the Centers for Medicare andMedicaid Services-2728 only.

Figure3. | Over5yearsof follow-up,dialysispatientsweremore likely todie than tobewaitlisted,and thiseffectwasmorepronouncedamong
thosewhoexperiencedaserious fall injuryover follow-up. (A)Cumulative incidenceofdeathandwaitlistingamongpatients ondialysiswhodid
not experience a serious fall injury during follow-up. (B) Cumulative incidence of death and waitlisting among patients on dialysis who
experienced a serious fall injury at any point during follow-up.
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For restricted access to transplantation on the basis of
serious fall injuries to be clinically appropriate, providers
must be aware of the injuries. This may be more likely
among dialysis providers, who may strongly influence the
likelihood of waitlisting via patient education, referral for
evaluation, and assistance with completion evaluation
requirements but who have little influence on likelihood
of transplantation among the waitlisted. In contrast, trans-
plant providers do not see patients as frequently, if at all,
between waitlisting and transplant. The median waiting
time in the United States is 3.5 years (9), a time period over
which some patients may experience substantial deterio-
ration in condition. Hospitalizations, including those for
serious fall injuries, are not tracked by or considered in the
national policy that determines deceased donor kidney
allocation (26). Such events would likely have to be com-
municated by the dialysis provider to the transplant
provider directly, which is difficult in our fragmented
care system. Thus, transplant providers may not be aware
of serious fall injuries among these patients during the
waitlisted period, even when patients present for transplant.

Table 5. Type and location of serious fall injuries amongUnited
States patients ages 18–80 years old placed on the deceased
donor kidney transplant waitlist for the first time in 2010–2013

Type/Location of Serious Fall Injury No. (%) of Injuriesa

Total no. of patients with at least
one serious fall injury

1944

Total no. of serious fall injuries 2493
Type of injury
Fracture 2334 (91)
Dislocation 77 (3)
Subarachnoid and subdural

hemorrhage after injury
159 (6)

Location of injury
Head (skull, face, jaw) 191 (8)
Spine 48 (2)
Chest (ribs, sternum, clavicle) 302 (12)
Pelvis/hip 144 (6)
Upper limb (shoulder to wrist) 573 (23)
Lower limb (femur to metatarsals) 1331 (53)

aTotal column percentages may exceed 100% because of mul-
tiple types and locations of injuries during a single fall event.

Table 6. Association between serious fall injuries and kidney transplantation amongUnited States patients ages 18–80 years old initially
placed on the waitlist in 2010–2013

Measure/Modela Overall
Serious Fall Injurya

No Yes

No. of patients 37,752 35,808 1944
No. of patients transplanted 8924 8638 286
Total patient-yr 67,978.9 63,020.6 4958.3
Transplant rate per 100 patient-yr 13.1 13.7 5.8
Hazard ratios for waitlisting by serious fall injury (95% CI)
Primary analyses
Crude 1.00 (Reference) 0.77 (0.68 to 0.87)
Adjusted, demographicsb 1.00 (Reference) 0.73 (0.65 to 0.82)
Adjusted, demographics + clinicalb 1.00 (Reference) 0.71 (0.63 to 0.80)

Sensitivity analysesc

Additional adjustment for
Dialysis modality 1.00 (Reference) 0.71 (0.63 to 0.80)
Peripheral vascular disease 1.00 (Reference) 0.71 (0.63 to 0.80)
Amputation 1.00 (Reference) 0.71 (0.63 to 0.80)
Inability to walk 1.00 (Reference) 0.71 (0.63 to 0.80)
Inability to transfer 1.00 (Reference) 0.71 (0.63 to 0.80)
Institutionalization 1.00 (Reference) 0.71 (0.63 to 0.80)

Fall injuries with E codes only 1.00 (Reference) 0.68 (0.54 to 0.87)
Among those with no fall injuries before waitlisting 1.00 (Reference) 0.70 (0.62 to 0.79)

Subgroup analysesc

Age, yr
18–39 1.00 (Reference) 0.62 (0.47 to 0.81)
40–64 (P40–64318–39=0.47) 1.00 (Reference) 0.74 (0.64 to 0.86)
$65 (P$65318–39=0.85) 1.00 (Reference) 0.68 (0.52 to 0.90)

Sex
Men 1.00 (Reference) 0.68 (0.58 to 0.81)
Women (Pwomen3men=0.61) 1.00 (Reference) 0.74 (0.62 to 0.87)

Race/ethnicity
Non-Hispanic white 1.00 (Reference) 0.65 (0.56 to 0.77)
Black (Pblack3white=0.11) 1.00 (Reference) 0.80 (0.63 to 1.02)
Hispanic white (PHispanic3white=0.56) 1.00 (Reference) 0.78 (0.58 to 1.05)
Other (Pother3white=0.35) 1.00 (Reference) 0.83 (0.49 to 1.38)

n=37,164 for models. 95% CI, 95% confidence interval.
aFrom cohort entry to outcome or censoring.
bDemographics: age, sex, and race/ethnicity.Clinical: bodymass index, dialysis vintage, comorbiddiabetes, ischemicheart disease, and
hypertension.
cUsing the fully adjusted (demographics + clinical) model.
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This discrepancy in provider awareness may partially
explain the difference in magnitude of the effect of serious
fall injuries on access to waitlisting among patients on di-
alysis versus access to transplant among waitlisted patients
that we observed. However, underlying differences in the
populations, including differences in competing risks of
mortality, which we showed here to be far greater before
waitlisting than on the waitlist, most likely contribute as
well.
It is important to note that a one size fits all approach, in

which access to transplantation is denied on the basis of
suspected vulnerability to poor outcomes in the setting of a
serious fall injury, is likely to unnecessarily restrict access to
transplantation among patients with ESKD, because con-
ditions, such as frailty, may be reversible after transplan-
tation (19). Furthermore, frailty and poor functioning are
not universal underlying causes of serious fall injuries
in this population. Falls are multifactorial, with intrinsic
factors (such as older age, being a woman, cognitive
impairment, and underlying bone disease as well as frailty
components, including weakness and gait problems),
extrinsic factors (such as polypharmacy, substance abuse,
hazards in the home, poor lighting, and inappropriate
footwear), and risk exposure all contributing to falls. Thus,
although serious fall injuries may provide useful prognos-
tic information when they do occur, multifactorial inter-
ventions administered by dialysis providers, transplant
providers, or both to prevent falls and related injuries
should also be considered among patients on dialysis
(18,27). Multifactorial interventions may include functional
assessment, exercise, visual testing, home barrier assess-
ment, and medication review. Many medications have
delayed excretion in patients on dialysis, and drugs for
pain, sleep, and anxiety (28,29) as well as drugs that are
generally avoided in elderly patients (30) are commonly
prescribed in dialysis and could lead to hypotension,
dizziness, and/or altered mental status, potentially lead-
ing to falls. Additionally, dialysis-related factors, such as
intradialytic hypotension (31) and underlying metabolic
bone disease (32), may contribute to risk of falls and related

injuries. Strategies to address these factors, such as the
recent proposed quality measures to restrict ultrafiltration
rates among United States patients on hemodialysis, may
reduce hypotension related to large, rapid volume shifts
(33); this may, in turn, decrease fall risk overall in this
population. Particularly for patients who may be eligible
for transplantation, such interventions may prevent further
declines in functioning and the robustness necessary for
good transplant outcomes.
Other limitations not noted above deserve mention. The

exclusion of patients without Medicare Part B coverage
may have led to lack of generalizability to the United States
ESKD population as well as selection bias. However, we
found that patients who were excluded versus included
on the basis of Part B data availability were only slightly
younger. Furthermore, this exclusion was necessary to
include serious fall injuries treated on an outpatient basis
only (which may be more likely among transplant-eligible
patients). Misclassification of serious injuries as related to
falls is possible, because E codes were missing in .70% of
serious fall injury events; however, simultaneous coding of
nontraumatic causes of fractures was infrequent, and
similar results were obtained when serious fall injuries
were limited to those with accompanying E codes. The
algorithm for detecting serious fall injuries has not been
validated, although it was first developed and used in the
geriatric literature (12) on the basis of high correlations
(k=0.76) of these combinations of claims with self-report as
fall as the cause of injury (34). There is also the potential for
misclassification of the outcomes and comorbid conditions
using claims data, although we attempted to maximize
specificity by combining 2728 and claims data for the latter.
As with all observational studies, residual confounding
by unmeasured factors, such as history of falls (with or
without injury), measures of physical performance, the use
of assistive devices, and contraindications to transplant, is
possible. However, this study also has several important
strengths, including the capture of all treated United
States patients with ESKD, limited loss to follow-up
because of universal coverage of ESKD services by the

Figure 4. | Over 5 years of follow-up, waitlisted patients without a serious fall injury were more likely to be transplanted than to die, but the
opposite was true for those with a serious fall injury. (A) Cumulative incidence of death and transplant among waitlisted patients who did not
experience a serious fall injury during follow-up. (B)Cumulative incidenceof death and transplant amongwaitlistedpatientswhoexperienced a
serious fall injury at any point during follow-up.
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CMS, completion of the Medicare eligibility form for all
treated patients, and availability of claims data for all
inpatient and outpatient services after the start of dialysis
and when on the waitlist.
In conclusion, we found that, among United States

patients with ESKD, serious fall injuries are associated
with substantially lower likelihood of waitlisting for and
receipt of a kidney transplant. Although primarily de-
scriptive in nature, these data suggest that serious fall
injuries may serve as a potential prognostic factor that
could be tracked by dialysis and transplant providers to
assess ongoing suitability for transplant. Future studies on
the added value of serious fall injuries in prognostication
among patients on dialysis could inform both the possi-
bility of mandatory reporting of fall injuries to transplant
centers and the new Kidney Allocation System, which
matches recipient life expectancy to quality of the donor
organ. Additionally, because serious fall injuries may result in
risk for poor outcomes even among the previously robust,
our results suggest that access to transplantation (and
associated better outcomes) may be improved through the
prevention of falls and related injuries among transplant-
eligible patients with ESKD via design and testing of
multicomponent fall prevention interventions tailored to
this population.
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