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Purpose: To explore the impact of frailty on adverse outcomes in elderly hemodialysis (HD)
patients.

Patients and Methods: An observational and prospective cohort study was conducted in
elderly patients (=60) with HD, with an average 12-month follow-up. Fried frailty phenotype
(FFP) was used to define frailty. Negative binomial regression was used to estimate the
impact of frailty on the incidence of emergency visits, hospitalizations, acute cardiovascular
events, and falls within a year. Cox regression analysis was used to assess the influence of
frailty on all-cause mortality in elderly HD patients.

Results: Our study enrolled 150 elderly HD patients, and the prevalence of frailty was
34.7%. After adjustment, frailty was independently associated with increased all-cause
mortality [hazard ratio (HR)=4.10, 95% CI: 1.09-15.43, p=0.037] and emergency visits
[incidence rate ratio (IRR)=2.78 95% CI: 1.70-4.60, p<0.001]. Gait speed was an indepen-
dent risk factor for all-cause deaths (HR=5.56 95% CI: 1.41-22.00, p=0.014), emergency
visits (IRR=2.52 95% CI: 1.48-4.33, p<0.001), and hospitalizations (IRR=2.24, 95% CI:
1.19-4.21, p=0.010) in elderly HD patients.

Conclusion: Frailty was an independent indicator of all-cause mortality and emergency
visits in elderly patients with HD.
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Introduction

Frailty is a complex age-related clinical condition characterized by the decline in
physiological capacity of several organ systems, thereby increasing the suscept-
ibility to corresponding stressors.' Frailty increases the risk of side effects such as
deterioration of the disease, disability, hospitalization and death.? Elderly people
with advanced age, comorbidities and polypharmacy are more susceptible to frailty,
and chronic kidney disease (CKD) is one of these conditions. In most developed
and developing countries, the average prevalence of CKD is 10-15%.> The pre-
valence of CKD is as high as one-third in people over 60 years of age.’ The
prevalence of frailty in CKD in the general population is about 14%.* With the
progress of medicine, the proportion of HD in the elderly population is increasing
each year, and the prevalence of frailty is higher in elderly patients with hemodia-
lysis (HD). McAdams DeMarco et al found that the prevalence of frailty in older
HD patients was as high as 50.0%, and frailty increased the risk of hospitalization
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and mortality in HD patients.” However, there are few
studies on the effect of frailty on prognosis of elderly
hemodialysis patients.

The goal of this study was to follow-up and observe the
influence of frailty on the prognosis in elderly HD patients,
including emergency visits, hospitalizations, acute cardio-
vascular events, falls and all-cause deaths.

Materials and Methods

Participants

This was an observational and prospective cohort study,
which recruited maintenance HD patients at the Beijing
Friendship Hospital, Capital Medical University between
July 2019 and October 2019. The inclusion criteria were as
follows: (1) age =60 years; (2) willing to give informed
consent. The exclusion criteria were as follows: (1) unable
to complete comprehensive geriatric assessment due to
severe dementia or communication barriers; (2) severe
metabolic wasting disease such as acute disease and
advanced malignancy.

Clinical Evaluation and Laboratory Tests
Trained doctors conducted personal interviews to collect
participants’ information, including age, gender, height,
dry weight, body mass index (BMI), smoking status, and
medical history [such as hypertension, diabetes (DM),
coronary heart disease (CHD) and types of end stage
renal disease (ESRD)]. Baseline laboratory tests were per-
formed on mid-week pre-dialysis blood samples using the
common laboratory protocols of the hospital. To evaluate
the dialysis efficiency, we calculated the urea reduction
rate (URR) based on measurement of pre- and post-
dialysis blood urea nitrogen (BUN).

Comprehensive Geriatric Assessment

Fried frailty phenotype (FFP) scale was used to identify
frailty. The five components of FFP scale were measured
as follows: Shrinking (Unexpected weight reduction of
4.5 kg in the last twelve months); exhaustion (self-
reported); low activity; weakness; and slow gait speed.
The cutoff values corresponded to the original standard
and each tested component was scored. The final FFP
score was calculated as the sum of the individual compo-
nent scores (range 0-5), and categorized as non-frail (0-2),
and frail (3-5). Moreover, malnutrition is one of the
important geriatric syndromes, and elderly HD patients
are susceptible to malnutrition owing to dialysis-induced

nutrient losses, metabolic acidosis, poor appetite etc.®
Malnutrition increases the risk of mortality’ and
readmission.® As an important confounding factor, the
nutrition status was assessed by mini-nutrition assessment
short form (MNA-SF) in this study. MNA-SF score was
classified as follows: normal nutrition (>11 points), mal-
nutrition risk (7-11 points) and malnutrition (<7 points).’

Follow-Up

The follow-up duration ended in August 2020. All emer-
gency visits, hospitalizations, acute cardiovascular events
(including acute coronary syndrome, acute heart failure
and sudden cardiac death), falls and deaths due to any
causes were recorded, which included the first events and
subsequent events. The primary outcome of this study was
all-cause mortality.

Statistical Analysis

The data was represented as number (percentage) for cate-
gorical variables, the mean + standard deviation for normal
distribution continuous variables, and as the median [inter-
quartile range (IQR)] for skewed distribution continuous
variables. The chi-square test or the Fisher’s exact test was
used to compare the categorical variables. Continuous vari-
ables were compared by the Student’s ¢-test or the Mann—
Whitney U-test. Log rank test and Cox proportional hazards
model was used to analyze the relationship between frailty
status and all-cause mortality. The associations between
frailty status and the incidence of emergency visits, hospital
admissions, acute cardiovascular events, and falls were
analyzed using negative binomial regression. All models
were adjusted for variables, including age, gender, albumin
(<40.0 g/L), URR(<70%). For models of all-cause mortal-
ity, emergency visits, and hospitalizations, we also adjusted
for MNA-SF (<11), medical history of DM and CHD. For
acute cardiovascular events, we further adjusted for medical
history of DM and CHD, low-density lipoprotein, and
smoking status. For model of fall, we also adjusted for
MNA-SF(<11). All statistical analyses were conducted
with the version R 3.6.3 (R-project of the statistical calcula-
tion, Vienna, Austria). A p-value <0.05 was considered as
statistical significance.

Results

Baseline Characteristics of Participants
The study included 150 patients (51.3% women), with
a median age of 69 years (IQR 64-75 years). The most
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common etiology of ESRD was chronic glomerulonephritis
(n=44, 29.3%), followed by diabetic nephropathy (n=27,
18%), hypertensive renal disease (n=23, 15.3%), chronic inter-
stitial nephritis (n=22, 14.7%), polycystic kidney (n=15, 10%)
and others (n=19, 12.7%). (The etiology of ESRD between the
two groups was shown as Supplementary Table 1).

Figure 1 shows the prevalence of frailty. According to
the FFP, 65.3% of the participants were categorized as
non-frail and 34.7% as frail.

Demographic characteristics and laboratory test results
are presented in Table 1. Frail patients were significantly
older, had lower albumin level and MNA-SF score, and
higher prevalence of DM and CHD. However, frail and
non-frail groups were similar in gender and URR.

Impact of Frailty on All-Cause Mortality

A total of 147 patients completed the follow-up and the
average follow-up duration was 12 months. Three patients
were lost to follow-up. One person received kidney

transplantation and two persons lost contact after they trans-
ferred to other HD centers. A total of 15 patients died, of
which 11 cases of death were in the frail group and four
cases in the non-frail group. The unadjusted Kaplan-Meier
curve showed a significant reduction of survival probability
in the frail patients (Figure 2). After adjusting for age,
gender, albumin, medical history of DM, CHD, MNA-SF
and URR, the Cox regression showed that the risk of all-
cause mortality in the frail group (hazard ratio [HR] = 4.10,
95% CI: 1.09-15.43, p=0.037) was significantly higher than
the non-frail group (Table 2). After adjustment, slow gait
speed (HR=5.56 95% CI: 1.41-22.00, p=0.014) was asso-
ciated with increased all-cause mortality in older patients
with HD (Table 2).

Impact of Frailty on Emergency Visits

The numbers of emergency visits for the frail and non-frail
groups were 114 and 94 cases, respectively. The results of the
negative binomial regression are shown in Table 2. After
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Figure | Prevalence of frailty in elderly hemodialysis patients according to the FFP.
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Table | Baseline Characteristics of the Included Participants by FFP

Non-Frail Frail p-value
(N=98) (N=52)

Age, median, IQR 67.0 (64.0, 71.3) 73.5 (68.3, 80.0) <0.001F
Gender; male, n (%) 51.0 (52.0) 22 (42.3) 0.304
BMI, kg/m?, xs 23.0+3.2 23.3+4.8 0.950
Smoking, n (%) 41.0 (41.8) 15 (28.8) 0.156
Medical history
Fall, n (%) 30.0 (30.9) 24 (46.2) 0.065
Fracture, n (%) 14.0 (14.3) Il (21.6) 0.259
Hypertension, n (%) 96.0 (98.0) 51 (98.1) 0.961
DM, n (%) 22.0 (22.4) 23(44.2) 0.006*
CHD, n (%) 34.0 (34.7) 27(51.9) 0.041*
CPD, n (%) 5.0 (5.1) 4 (7.7) 0.720
Tumor, n (%) 10.0 (10.2) 6 (11.5) 0.801
MNA-SF, score, median, IQR 13.0 (12.0, 14.0) 11.0 (10.0, 12.0) <0.001F
WBC, A 0%/L, median, IQR 5.9 (4.7, 4.8) 5.9 (4.7,7.4) 0.506
Hemoglobin, g/L, x+s 117.1£11.6 115.5£15.4 0.372
Albumin g/L, xts 37.5+2.7 35.5+2.8 <0.001F
TC, mmol/L, xts 4.10£0.97 3.84%1.1 0.143
TG, mmol/L, median, IQR 1.5 (1.2, 2.0) 1.2 (0.8, 2.1) 0.065
Calcium, mmol/L, median, IQR 2.3 (2.1,24) 2.3 (22,24) 0.118
Phosphate, mmol/L, xts 1.84£0.5 1.7£0.4 0.054
TS, % median, IQR 27.3 (22.9, 35.6) 25.6 (19.7, 33.8) 0.144
PTH, mmol/L, median, IQR 158.4(86.2, 259.8) 203.3 (103.8, 299.0) 0.126
URR, %, median, IQR 72.2(67.6, 75.6) 72.2 (68.0, 76.8) 0.810

Note: *p<0.05; Tp<0.001.

Abbreviations: BMI, Body mass index; DM, diabetes, CHD, coronary heart disease; CPD, chronic pulmonary disease; MNA-SF, mini-nutritional assessment short form;
WABC, white blood cells; TC, total cholesterol; TG, triglycerides; TS, transferrin saturation; PTH, parathyroid hormone; URR, Urea reduction rate.

adjusting to age, gender, albumin, medical history of DM,
CHD, MNA-SF and URR, the emergency visits incidence
among frail patients increased obviously (IRR=2.78 95% CI:
1.70-4.60, p<0.001). Slow gait speed (IRR=2.52 95% CI:
1.48-4.33, p<0.001), exhaustion (IRR=2.07, 95% CI: 1.34—
3.23, p=0.001), and low physical activity (IRR=1.92, 95%
CI: 1.22-3.04, p=0.004) were associated with increased inci-
dence of emergency visits.

Impact of Frailty on Hospitalization

The hospitalization events in this study included the hos-
pitalization in the inpatient or emergency department last-
ing for more than 24 h, but hospitalization for renal
transplantation was not included. The numbers of hospita-
lization in the frail and non-frail groups were 45 and 37
cases, respectively. Binomial negative regression model
was used to compare the incidence rate ratio of hospitali-
zation. After adjusting for age, gender, albumin, MNA-SF,
medical history of CHD, DM, and URR, there was no
significant difference (IRR=1.70, 95% CI: 0.92-3.12,

p=0.085) (Table 2). Table 2 shows that slow gait speed
(IRR=2.24, 95% CI: 1.19-4.21, p=0.010) and low physical
activity (IRR=1.90, 95% CI: 1.12-3.24, p=0.017) were
independently associated with hospitalizations.

Impact of Frailty on Acute Cardiovascular

Events

HD patients are susceptible to acute cardiovascular events.
The number of acute cardiovascular events in the frail and
non-frail groups was 19 and 14, respectively. The results
of negative binomial regression are presented in Table 2.
After adjusting for age, gender, albumin, medical history
of DM, CHD, low-density lipoprotein cholesterol, smok-
ing status and URR, frailty was not an independent risk
factor for acute cardiovascular disease in elderly HD
(IRR=2.14, 95% CI: 0.67-7.07, p=0.190)
(Table 2). However, exhaustion was associated with

patients

acute cardiovascular events in elderly HD patients
(IRR=4.98, 95% CI: 1.57-18.03, p=0.005) (Table 2).
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Figure 2 Kaplan—Meier survival curves by frailty status.

Impact of Frailty on Fall
A fall was defined as an unexpected event in which the
participants come to rest on the ground, floor, or lower
level, but not caused by an internal event (such as syncope
or stroke). All falls meeting the above criteria were
included.'® In this study, the number of falls in the frail
and non-frail groups was 17 and 9, respectively. Using
a negative binomial regression model to compare the inci-
dence of falls in the frail and non-frail groups, after adjust-
ing for age, gender, albumin, MNA-SF and URR, there
was no difference between the two groups (IRR=1.28,
95% CI: 0.37-4.29, p=0.656) (Table 2).

The unadjusted result concerning the impact of frailty
and its components on adverse outcomes are shown as

Supplementary Table 2.

Discussion

This study showed that frailty was common in elderly HD
patients. Frailty was an independent risk factor for the
incidence of emergency visits and all-cause mortality.
Slow gait was independently associated with increased all-
cause mortality, emergency visits and hospitalizations in
elderly HD patients. Low physical activity was related
with emergency visits and hospitalizations in elderly HD
patients.

Brigitte et al found that the prevalence of frailty in the
elderly community-dwelling Europeans living in 10 coun-
tries was 17.0% (15.3-18.7%)."" The prevalence of frailty
in older HD patients is obviously higher. The loss of
appetite and lower food intake result in protein energy

12—-14

waste and sarcopenia; the physical activity and
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patients. However, there is insufficient evidence on the
correlation between gait speed and clinical prognosis, espe-
cially emergency visits, among elderly HD patients. As one
of the important factors of frailty, gait speed is affected by
many factors, especially in elderly HD patients. They walk
slowly because of lower extremity pain or numbness, frac-
tures, knee and hip replacements, and fatigue, as well as
sarcopenia.”’” Measurement of gait speed requires only
a stopwatch, which is convenient and objective. It can be
used as a simple screening test for physical function and
long-term prognosis in elderly HD patients. Moreover, gait
speed can be improved. Coordination and balance, indepen-
dent of force, are the determinants of the gait speed and are
less concerning in the HD patients. They can also be
improved by increasing physical activity.>>**?° According
to reports by Takahiro Shimoda®® and Ryota Matsuzawa,’'
low physical activity was associated with mortality in HD
patients. Our study found that low physical activity was also
associated with frequency of emergency visits and hospita-
lizations. HD patients have relatively less physical activity
due to the 4-hour dialysis time limit and post-dialysis
exhaustion.®' But according to the 7-year prospective cohort
study by Takahiro Shimoda,*® walking at least 4000 steps
on non-dialysis days can reduce mortality. Therefore, we
can encourage elderly HD patients to exercise on non-
dialysis days to increase their physical activity and gait
speed.

The decline of renal function independent of age in
HD patients is the main driving force of cardiovascular
aging.*? If the kidney does not excrete water and excre-
ments (uremic toxins), the heart and vasculature will be
exposed to the toxins and accelerate aging.*> The end
result is known as uremic cardiomyopathy, vascular cal-
cification, calciphylaxis or -calcified uremic arterial
lesions.*> Moreover, a study by Kelly enrolled 1016
patients with human immunodeficiency virus infection,
and demonstrated that frailty was associated with acute
cardiovascular events (IRR=3.83, 95% CI: 1.59-9.23).%
Therefore our study used the negative binomial regres-
sion model to explore whether frailty increased the risk
of cardiovascular events in elderly patients with HD.
However, the result was negative. The impact of frailty
on acute cardiovascular diseases in the elderly HD popu-
lation needs further study to explore. If frailty does
increase the risk of cardiovascular disease, early inter-
vention of frailty would greatly benefit elderly HD
patients.

In the studies by McAdams-DeMarco,” Bao,”* Lee,?
Garcia-Canton,”® and Cynthia Delgado,'? frailty was inde-
pendently associated with hospitalization and fall.
Although our results were negative during the one-year
follow-up observation, we will extend the follow-up dura-
tion to observe the effect of frailty on hospitalizations and
falls.

The main strengths of this study were that a relatively
comprehensive set of clinical outcomes were observed in
elderly HD patients and the effects of frailty components
on prognosis in elderly HD patients were further analyzed.
Although no association was found between frailty and
acute cardiovascular events in elderly HD patients in this
study, it deserves further study.

Limitations

The main limitations of this study were that it was a single
center study, with limited number of patients and short
follow-up time, which lowers the universality of results.
Although we controlled multivariate analyses for impor-
tant data connected with the outcomes, some unmeasured
confounders could contribute to residual confounding. In
particular, information related to hemodialysis vintage was
not available in this study.

Conclusion

This study showed that frailty was associated with the
increased incidence of emergency visits and all-cause
mortality.
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