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Abstract: Background: We investigated frailty prevalence in patients on maintenance hemodialysis, and analyzed
factors associated with frailty. Methods: This study enrolled 143 patients and they were assigned into non-frailty,
pre-frailty and frailty groups. The demographic and clinical data of all patients were collected. The correlation be-
tween variables and frailty outcomes was analyzed. Results: The prevalence of pre-frailty and frailty was 31.5%
and 26.5%. Univariate multivariate analysis showed that annual income per capita, dialysis duration, grip strength,
serum prealbumin, serum total protein and serum ferritin were common risk factors for pre-frailty and frailty (all
P<0.05). Conclusion: Patients on maintenance hemodialysis have relatively high prevalence of pre-frailty and frailty.
Annual income per capita, dialysis duration, grip strength, serum prealbumin, serum total protein and serum ferritin

are common risk factors for pre-frailty and frailty.
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Introduction

Frailty is a detectable and curable clinical syn-
drome characterized by a state of increased
vulnerability, poor resolution of homeostasis,
and increased risk of adverse outcomes follow-
ing a stress, which adversely affects the health,
function, and quality of life, and exerts a heavy
economic and social burden [1, 2]. Frailty is a
common presentation in patients with chronic
kidney disease, with an incidence of 6-21% [3].
Moreover, deterioration of renal function is pos-
itively correlated with incidence of frailty [4].
Maintenance hemodialysis is considered as
one of the important renal replacement thera-
pies for patients with end-stage renal disease.
Frailty is also commonly observed in patients
on maintenance hemodialysis, with an inci-
dence of 67.7% [4]. One study in China found
that the pre-frailty incidence and frailty inci-
dence in patients on maintenance hemodialy-
sis was 35.43% and 28.35%, respectively [4].

Frailty can lead to increased risk of in-hospital
adverse events and poor quality of life, which is
also considered as an independent risk factor
of mortality in patients on hemodialysis [5-8].

Furthermore, frailty was considered as an indi-
cator predicting frequency of admission and
mortality [9]. For example, Fried et al. [10] found
that the 3-year mortality rate and the 7-year
mortality rate in the frailty group were 6 times
and 3 times that of the non-frailty group,
respectively. After adjusting for covariates, frail-
ty was still an independent predictor of mortal-
ity. Ness [11] reported that after adjusting for
chronic diseases, the mortality rate of frail
patients was 2.6 times that of non-frail groups.
However, the development of frailty may be
delayed or even reversed. Therefore, we tried to
evaluate the prevalence and associated factors
of frailty. Our findings may provide evidence for
early diagnosis and intervention of frailty.

Materials and methods
Patients

This study was planned according to the rele-
vant global and local guidelines or regulations,
and conformed to the Declaration of Helsinki.
All enrolled subjects were required to provide
signed informed consent prior to participating
study. The ethics approval had been obtained



Frailty in patients on hemodialysis

from the institutional boards of Huashan
Hospital Affiliated to Fudan University. A total of
143 patients who received maintenance hemo-
dialysis between January and June 2019 were
enrolled according to convenience sampling. All
patients met the following inclusion criteria: 1)
age over 18 years; 2) patients being able to
communicate clearly without hearing impair-
ment; 3) patients with glomerular filtration rate
< 10 ml/min (for diabetic nephropathy, glomer-
ular filtration rate < 15 mi/min) and blood urea
nitrogen 280 mg/dl, who received maintenance
hemodialysis. Patients with 1) acute or chronic
psychiatric illness, 2) critical condition requiring
intensive care, or 3) severe multifunctional
organ failure, were excluded. Moreover, dying
patients were also excluded. Hemodialysis and
related treatments was conducted for each
patient according to standard protocols.

Data collection and evaluation

The demographic and clinical information of all
enrolled patients were collected from database
or interview, including sex and age. FRAIL
(Fatigue, Resistance, Ambulation, lliness, and
Loss) questionnaire in simple Chinese was
used to evaluate frailty [4, 12-16]. Grip force of
both hands was measured by grip dyna-
mometer.

Statistical analyses

All statistical analyses were conducted by using
the SPSS 22.0 software (IBM SPSS, USA). A two
sided P<0.05 was considered statistically sig-
nificant. Normal distribution and homogeneity
of variance of the data were evaluated.
Continuous variables were expressed as mean
+ SD and compared by independent t-test,
whereas comparisons of categorical variables,
which were presented as frequencies and per-
centages, were conducted by using chi-square
test. Spearman correlation analysis and
Pearson correlation analysis were used.
Multivariate logistic regression analysis was
used to evaluate factor associated with frailty.

Results
General characteristics and frailty incidence

The baseline demographic and clinical charac-
teristics of all patients are shown in Table 1.
One hundred forty-three eligible patients were
included in this study, with a mean age of
59.77+10.55 years (range 34-86 years). There
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were 99 (69.2%) males and 44 (30.8%)
females. Among the 143 patients, 45 patients
had pre-frailty (mean age 58.53+9.43 years)
and 38 had frailty (mean age 67.26+6.77
years). The incidence of pre-frailty and frailty
was 31.5% and 26.5%. The incidence of pre-
frailty and frailty was significantly different
between patients of different ages (Table 1)
and those with different income (Table 2)
(P<0.05).

Comparison of frailty in maintenance hemo-
dialysis patients with different physiological
states

As shown in Table 3, dialysis duration, grip
strength, number of falls, hemoglobin, mature
monocytes, blood glucose, serum chlorine,
serum prealbumin, total serum protein, serum
ferritin, and muscle strength were significantly
different among patients with different frailty
status (P<0.05). There was no significant differ-
ence in other factors.

Comparison of muscle strength and frailty

Bonferroni’'s one-way covariance analysis was
used. Muscle strength is a grading of muscle
strength, which is graded from O to 5 [13]: the
higher the level, the better the muscle strength.
The results showed that the effect of muscle
strength on frailty was statistically different (F
=17.521, P<0.001) (Table 4). Among them, the
difference between the frailty of patients with
Level 4 and Level 5 muscle strength was statis-
tically significant (P<0.05).

Correlation between frailty and clinical vari-
ables

Correlation analysis was conducted to analyze
the correlation between clinical variables and
frailty. The results showed that age and number
of falls were positively correlated with frailty
(both P<0.01, Table 5), whereas annual income
per capita, dialysis duration, grip strength,
hemoglobin, mature monocytes, blood glucose,
serum chlorine, serum prealbumin, serum total
protein, serum ferritin, and muscle strength
were negatively correlated with frailty (all
P<0.01, Table 5).

Multivariate analysis of factor associated to
frailty

The frailty status was dependent variable (“non-
frailty” as the reference), and potential risk fac-
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Table 1. Relationship between demographic characteristics and frailty of maintenance hemodialysis

patients (n = 143)

Case Non-frailty Pre-frailty Frailty Statistic P value
number (%) (n =60, 42.0%) (n=45,31.5%) (n=38,26.5%) value
Age (Year) 56.0+11.0 58.519.4 67.316.8 16.926Y <0.0012b¢
Sex
Male 99 (69.2) 43.4% 32.3% 24.3% 0.9222 0.628
Female 44 (30.8) 38.6% 29.6% 31.8%
Education level
Middle school 103 (72.0) 37.9% 35.9.% 26.2% 2.938% 0.230
University 23 (16.1) 60.9% 13.0% 26.1%
Master degree 17 (11.9) 41.2% 29.4% 29.4%
Marital status
Married 110 (76.9) 39.5% 32.1% 29.4% 1.233% 0.540
Unmarried 22 (15.4) 63.6% 22.7% 13.6%
Divorced 6(4.2) 33.3% 50.5% 16.7%
Widowed 5(3.5) 20.0% 20.0% 60.0%
Annual household income (ten thousand Yuan)
<6 86 (60.1) 38.2 29.8 32.0 -7.732% <0.001
>6 35 (24.5) 27.6 32.2 40.2
Medical payment method
Public medical care 1(0.7) 0.0 100.0 0.0 4.287% 0.117
Medical insurance 137 (95.8) 42.3 29.9 27.7
At one’s own expense 4 (2.8) 50.0 50.0 0.0
Rural cooperative medical care 1(0.7) 0.0 100.0 0.0
Way of living
Live with spouse 109 (76.2) 431 27.5 29.4 1.6672 0.193
Live with children 11(7.7) 36.4 45.4 18.2
Live alone 23 (16.1) 39.1 43.5 17.4

Note: 1) F value; 2) statistic value of Fisher exact test; 3) H value; a: comparison of pre-frailty and non-frailty; b: comparison of frailty and non-
frailty; c: comparison of pre-frailty and frailty.

Table 2. Multivariate logistic regression of annual household income and frailty (n = 143)

Frailty status® B Standard error Wald P value OR - 9_5% c —
Lower limit  Upper limit
Pre-frailty Intercept -1.368 0.299 20.892 0.000
<6 3.193 0.567 31.672 0.000 24.357 8.011 74.053
>6 0.000
Frailty Intercept -2.398 0.467 26.354 0.000
<6 4.285 0.670 40.940 0.000 72.600 19.539 269.760
>6 0.000
Note: a, the reference was non-frailty.
tors were independent variables. Multivariate Discussion

logistic regression analysis enrolled significant
factors identified in correlation analysis to eval-
uate factors associated with frailty. The results
showed that annual income per capita, dialysis
duration, grip strength, serum prealbumin,
serum total protein and serum ferritin were
common risk factors for pre-frailty and frailty
(all P<0.05, Table 6).

2004

Lee et al. [4] found that elderly patients were
more susceptible to frailty. As patients get
older, their organ function and physiological
reserves decrease, and the risk of frailty
increases. Gesualdo et al. [15] reported that
income was closely related to frailty, and
patients with high income had financial guaran-
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Table 3. Comparison of frailty in maintenance hemodialysis patients with different physiological

states (n = 143)

Non-frailty Pre-frailty Frailty P value

60 (42.0) 45 (31.5) 38 (26.5)
Dialysis duration (month) 103.058+46.185 28.622+24.211 27.263+20.760 0.0002*
Dialysis frequency (time/month) 3.88+7.768 3.18+1.529 4.05+6.826 0.788
Constipation (n = 30) 33.300 33.000 334 0.504
Urine retention (n = 5) 0.000 40.000 60 0.050
Urinary incontinence (n = 7) 28.600 28.600 42.8 0.506
Dry body weight (kg) 59.913+14.699 63.325+14.296 58.565+9.520 0.246
Grip strength (kg) 30.017+14.787 12.444+10.962 6.237+10.806 0.0002*
Number of falls (near 2 years) 0.067+0.252 0.311+0.763 0.842+1.462 0.000°
Mature neutrophils (x10°%/L) 67.855+8.851 67.964+10.235 64.518+11.369 0.206
Hemoglobin (g/L) 124.233+7.986 102.044+£12.811 91.947+14.411 0.000
Mature monocyte (x10%/L) 7.592+2.386 8.011+2.347 9.011+3.451 0.042
Mature lymphocyte (x10°/L) 19.658+6.317 18.882+7.686 21.51149.162 0.278
Eosinophil (x10°/L) 4.133+3.287 4.498+5.593 3.337+2.638 0.415
Hematocrit (%) 31.697+5.654 33.687+4.732 32.121+5.111 0.146
Red blood cell count (x10*/L) 6.093+19.403 3.699+0.515 5.171+10.652 0.677
Platelet count (x10°/L) 183.383169.856  167.978+72.322 172.447+71.506 0.521
White blood cell count (x10°/L) 6.923+3.029 6.742+2.243 6.397+2.841 0.655
Blood glucose (mmol/L) 5.550+1.276 8.324+6.117 6.442+2.787 0.001
Aspartate aminotransferase (U/L) 15.550+11.086 16.089+11.063 14.579+4.734 0.780
Serum sodium (mmol/L) 139.017+£2.587 138.022+6.058 138.947+2.609 0.410
Serum magnesium (mmol/L) 1.020+0.196 1.070+£0.224 1.040+0.191 0.464
Serum iron (mmol/L) 11.389+5.859 13.284+9.999 11.780+5.477 0.407
Serum chlorine (mmol/L) 98.500+3.842 97.444+3.817 93.868+14.561 0.023
Alanine aminotransferase (U/L) 11.650+8.194 16.133+11.978 14.026+12.792 0.110
Albumin/Globulin Ratio 1.417+0.259 1.473+£0.243 1.418+0.264 0.478
Total iron binding capacity (umol/L) 47.300+8.188 48.256+10.098 48.121+7.460 0.829
Serum prealbumin (mg/L) 402.267+26.211 300.400+41.464 269.553+38.206 0.000
Alkaline phosphatase (U/L) 81.450+25.161 96.267+68.845 81.474+24.214 0.174
Creatine kinase (U/L) 107.867+203.008  75.156+37.104 85.026+50.647 0.450
Triglyceride (mg/dl/) 2.012+1.261 2.066+1.069 2.437+2.051 0.346
Lactate dehydrogenase (U/L) 189.550+42.536 202.867+73.361 191.500+41.413 0.429
Cholesterol (mg/dl/) 4.250+1.089 4.168+0.840 4.253+1.012 0.900
Serum total protein (g/L) 84.86816.452 68.684+4.701 68.053+6.180 0.000
Srum ferritin (g/L) 213.793+168.547 369.069+443.617 334.232+277.807 0.027
Uric acid (mmol/L) 384.860+£161.769 394.671+164.369 351.942+180.380 0.485
Creatinine (umol/L) 766.433+320.518 823.178+346.529 780.395+344.932 0.684
Serum potassium (mmol/L) 4.547+0.973 4.758+1.195 4.408+1.065 0.323
Myoglobin (ng/ml) 239.745+239.831 220.384+101.312 236.342+139.958 0.854
Troponin (ng/ml) 0.064+0.079 0.05940.040 0.076+£0.064 0.512
C-reactive protein (mg/L) 5.419+7.096 5.946+8.404 9.772+25.395 0.520
Parathyroid hormone (ng/L) 375.107+474.552 421.614+533.346 332.926+252.665 0.667
Muscle strength 0.013

Level O (n=2)
Level 1 (n=11)
Level 2 (n=8)
Level 3 (n=10)
Level 4 (n = 29)
Level 5 (n = 83)

50.0
455
37.5
10.0
31.0
49.4

0.0
181
50.0
50.0
17.2
34.9

50.0
36.4
125
40.0
51.8
15.7

Note: a: comparison of pre-frailty and non-frailty; b: comparison of frailty and non-frailty.

2005
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Table 4. Comparison of muscle strength and frailty (n = 143)

(1) Muscle (J) Muscle Mean difference Standard 95% Cl
strength (Level) strength (Level) (1) eror | VAIU® T er limit Upper limit

Bonferroni 0 1 0.091 0.608 1.000 -1.727 1.909
2 0.250 0.626 1.000 -1.619 2.119

3 -0.300 0.613 1.000 -2.132 1.532

4 -0.207 0.579 1.000 -1.936 1.522

5 0.337 0.566 1.000 -1.355 2.029

1 0 -0.091 0.608 1.000 -1.909 1.727
2 0.159 0.368 1.000 -0.940 1.258

3 -0.391 0.346 1.000 -1.424 0.642

4 -0.298 0.280 1.000 -1.135 0.540

5 0.246 0.254 1.000 -0.512 1.005

2 0 -0.250 0.626 1.000 -2.119 1.619
1 -0.159 0.368 1.000 -1.258 0.940

3 -0.550 0.375 1.000 -1.672 0.572

4 -0.457 0.316 1.000 -1.401 0.487

5 0.087 0.293 1.000 -0.788 0.963

3 0 0.300 0.613 1.000 -1.532 2.132
1 0.391 0.346 1.000 -0.642 1.424

2 0.550 0.375 1.000 -0.572 1.672

4 0.093 0.290 1.000 -0.774 0.960

5 0.637 0.265 0.262 -0.154 1.429

4 0 0.207 0.579 1.000 -1.522 1.936
1 0.298 0.280 1.000 -0.540 1.135

2 0.457 0.316 1.000 -0.487 1.401

3 -0.093 0.290 1.000 -0.960 0.774

5 0.544 0.171 0.027 0.034 1.054

5 0 -0.337 0.566 1.000 -2.029 1.355
1 -0.246 0.254 1.000 -1.005 0.512

2 -0.087 0.293 1.000 -0.963 0.788

3 -0.637 0.265 0.262 -1.429 0.154

4 -0.544 0.171 0.027 -1.054 -0.034

Table 5. Factors associated with frailty

Independent variable

Correlation coefficient P value

Age 0.408°
Annual household income -0.664°
Dialysis duration (month) -0.616°
Grip -0.688°
Number of falls 0.3322
Hemoglobin -0.754°
Monocyte 0.054°
Blood glucose 0.127°
Serum chlorine 0.129°
Seum prealbumin -0.827°
Serum total protein -0.730°
Serum ferritin -0.175°
Muscle strength -0.1392

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.518
0.131
0.124
<0.001
<0.001
0.036
0.098

Note: a: Spearman correlation analysis; b: Pearson correlation analysis.

2006

tee for drugs, hemodialysis, and treat-
ment of comorbidities. In this study, we
found that, more than half of patients
on maintenance hemodialysis were
presented as pre-frailty and frailty.
Moreover, per capita annual income
and old age were significantly associat-
ed with frailty. This population should
be identified as soon as possible and
intervened in a timely manner.

Johansen et al. [16] showed that main-
tenance hemodialysis patients with
severe uremic symptoms were more
susceptible to frailty. With the prolonga-
tion of dialysis duration, uremic symp-
toms and frailty improved. Kutner et al.
[17] found that hemodialysis patients
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Table 6. Multiple logistic regression analysis of factors influencing frailty (n = 143)

Frailty statusa B Standard Wald Pvalue OR - 9,5% < —
error Lower limit Upper limit

Pre-frailty Intercept 14.964 5.301 7970 0.005
Age -0.041 0.047 0.768 0.381 0.960 0.875 1.052
Dialysis duration (month)  -0.060 0.014 17.297 0.000 0.942 0.915 0.969
Grip -0.094 0.037 6.436 0.011 0.910 0.847 0.979
Number of falls -0.472 0.887 0.284 0.594 0.623 0.110 3.548
Annual household income -4.285 1.443 8.820 0.003 0.014 0.001 0.233
Hemoglobin -0.036 0.045 0.617 0.432 0.965 0.883 1.055
Serum ferritin -0.059 0.013 19.507 0.000 0.943 0.919 0.968
Seum total protein -0.088 0.035 6.347 0.012 0.915 0.855 0.981
Serum prealbumin -4.075 1.327 9.423 0.002 0.017 0.001 0.229

Frailty Intercept 6.585 5.793 1.292 0.256
Age 0.093 0.057 2.590 0.108 1.097 0.980 1.228
Dialysis duration (month)  -0.066 0.017 14.487 0.000 0.936 0.905 0.969
Grip -0.134 0.046 8.377 0.004 0.875 0.799 0.958
Number of falls 0.005 0.897 0.000 0.996 1.005 0.173 5.830
Annual household income  -4.274 1.538 7.725 0.005 0.014 0.001 0.284
Hemoglobin 0.090 0.055 2.626 0.105 1.094 0.981 1.219
Serum ferritin -0.062 0.016 15.143 0.000 0.940 0.911 0.970
Seum total protein -0.138 0.044 9.665 0.002 0.871 0.798 0.950
Serum prealbumin -4.248 1.421 8.935 0.003 0.014 0.001 0.232

Note: a, the reference was non-frailty. R2: 0.708; adjusted R2: 0.801.

with low serum albumin concentration were
prone to frailty. Bao et al. [18] showed that the
serum albumin concentration in the frailty
group was significantly lower than that in the
non-frailty group, and the mean serum albumin
concentration in both groups was lower than
35 g/L. Dialysis treatment can cause protein
and energy loss, thus resulting in frailty [16].
The risk of frailty in hemodialysis patients with
serum albumin concentration <32 g/L was
1.89 times higher than those with the serum
albumin concentration >39 g/L [4]. Anemia is a
common complication in patients on mainte-
nance hemodialysis. Exacerbation of anemia
may promote the occurrence of frailty. Chaves
et al. [19] pointed out that the risk ratio of 115
g/L hemoglobin to 135 g/L was 1.9. Patients
on dialysis with a serum albumin below 32 g/L
were 1.89 times more likely to develop a frailty
than those with albumin above 39 g/L. Mansur
et al. [20] found that patients with low hemoglo-
bin concentrations were more susceptible to
frailty. Decreasing of hemoglobin concentration
results in insufficient oxygen supply, thus pro-
moting the occurrence of frailty [21].

2007

This study found that with non-frailty as the ref-
erence, the influencing factors related to pre-
frailty included dialysis duration (OR = 0.942,
95% Cl: 0.915-0.969), grip strength (OR =
0.910, 95% Cl: 0.847-0.979), per capita annual
household income (OR = 0.014, 95% CI: 0.001-
0.233), serum ferritin (OR = 0.943, 95% CI:
0.919-0.968), total serum protein (OR = 0.915,
95% Cl: 0.855-0.981), and serum prealbumin
(OR = 0.017, 95% CI: 0.001-0.229) (P<0.05).
The influencing factors related to frailty includ-
ed dialysis duration (OR = 0.936, 95% CI:
0.905-0.969), grip strength (OR = 0.875, 95%
Cl: 0.799-0.958), per capita annual household
income (OR = 0.014, 95% CI: 0.001-0.284),
serum ferritin (OR = 0.940, 95% CI: 0.911-
0.970), serum total protein (OR = 0.871, 95%
Cl: 0.798-0.950), and serum prealbumin (OR =
0.014, 95% CI: 0.001-0.232) (P<0.05). People
with long dialysis duration, high grip strength,
high annual family income, high serum ferritin,
high total serum protein, and high prealbumin
were not likely to enter pre-frailty and frailty.
This result suggests that although there are
many factors affecting frailty in maintenance

Int J Clin Exp Med 2021;14(6):2002-2009
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hemodialysis patients, screening can play an
early warning role and can improve the quality
of life of patients and reduce mortality.

Although the mechanism of frailty is not yet
clear, it is currently believed that factors such
as inflammatory reactions and skeletal muscle
reduction are involved in the occurrence of
frailty. Chronic inflammatory response may pro-
mote the neuroendocrine system to reduce the
release of amino acids in skeletal muscles,
which reduces the body’s muscle mass, espe-
cially skeletal muscles, and thus causes a
decrease in grip strength. Low grip strength is
the most common problem of frailty. It has
been reported that the frailty population could
improve the frailty status through planned,
step-by-step resistance exercises [22, 23]. The
relationship between grip strength and frailty in
this study suggests that multiple exercise train-
ing interventions can enhance the exercise
capacity of patients with maintenance he-
modialysis.

In conclusion, patients with maintenance he-
modialysis have a higher incidence of frailty,
which can cause a variety of adverse outcomes.
Patients can identify the degree of frailty early
through the screening of frailty. Through man-
agement and intervention, they can delay or
even avoid the impact of frailty on various
adverse outcomes.
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