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Objective. To explore the clinical implications of neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
for diagnosing frailty in patients withmaintenance hemodialysis (MHD) and their correlations with patient prognosis.Methods. A
total of 185 patients withMHD admitted to the hemodialysis center of our hospital were selected, 72 of whomwere diagnosed with
frailty according to the Chinese version of Tilburg Frailty Indicator (TFI). ,e relevant data were collected, and the influencing
factors of frailty in MHD patients were analyzed by one-way analysis of variance (ANOVA) and multivariate logistic regression.
,e value of NLR and PLR in diagnosing frailty in MHD patients was observed, and patients’ all-cause mortality was compared
during the 3-year follow-up.,e influences of different levels of NLR and PLR on the survival of MHD patients were investigated.
Results. Multivariate regression analysis identified that serum albumin, dialysis adequacy, NLR, and PLR are independent risk
factors for frailty inMHD patients (P< 0.05).,e area under the receiver operating characteristic (ROC) curve of NLR and PLR in
diagnosing frailty in MHD patients was 0.859 and 0.799, respectively. Compared with the nonfrailty group, the 3-year mortality
was higher, and the 3-year survival rate assessed by survival analysis was lower in the frailty group (P< 0.05). Patients with high
NLR and PLR levels showed a lower 3-year survival rate. Conclusions. Dialysis adequacy, serum albumin, NLR, and PLR are
independently associated with frailty in MHD patients. NLR and PLR are of a certain diagnostic value for frailty in MHD patients.
MHD patients with frailty have an unfavorable prognosis, as of those with high NLR and PLR levels.

1. Introduction

Currently, maintenance hemodialysis (MHD) is the most
important renal replacement therapy for patients with end-
stage renal disease (ESRD) [1]. With the prolongation of the
survival time of MHD patients, they are prone to compli-
cations such as phosphorus-calcium metabolism disorder,
energy and protein consumption, and sarcopenia due to the
combined action of various factors [2, 3], which predispose
patients to increased risk of frailty. A foreign study has
shown that 60.7% of MHD patients suffer from frailty [4],
and reports at home and abroad in recent years show that the
incidence of frailty in MHD patients is 14%–73% [5]. Frailty

leads to increased incidence of fractures, falls, hospitaliza-
tion, and mortality [6]. Microinflammation is prevalent in
MHD patients. It is shown that inflammation is the key
pathogenesis leading to frailty in patients [7]. As novel
inflammatory factors, neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) play an im-
portant role in the occurrence and development of diseases
including coronary heart disease, myocardial infarction, and
neoplastic diseases [8, 9]. In view of the current gap in the
diagnosis and prognosis prediction of NLR and PLR in
frailty of MHD patients, this study investigates the clinical
implications of NLR and PLR for diagnosing frailty in MHD
patients and their correlations with patient prognosis.
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2. Materials and Methods

2.1. General Information. ,e clinical data of 185 MHD
patients (age: 32–80, mean age: 55.6± 13.5) treated in the
outpatient department of Nanjing Integrated Traditional
Chinese and Western Medicine Hospital and Nanjing
Hospital of Chinese Medicine Affiliated to Nanjing Uni-
versity of Chinese Medicine from July 2015 to October 2018
were collected for retrospective analysis. ,e Ethics Com-
mittee at the Nanjing Integrated Traditional Chinese and
Western Medicine Hospital approved the study protocol
without reserves (ethics approval number: 2021–03). In-
clusion criteria were as follows: meeting the diagnostic
criteria of ESRD [2], dialysis for more than 6 months, age
≥18, and regular MHD 3 times per week. Exclusion criteria
were as follows: hemodialysis (HD) treatment for acute renal
failure, irregular MHD treatment due to economic or family
reasons, malignant tumor(s), use of hormone or immuno-
suppressant therapy in recent 3 months, and infection in the
last month.

2.2. Methods. ,e Chinese version of the Tilburg Frailty
Indicator (TFI) (Cronbach’s α coefficient� 0.686) [10], with
a total score of 15 points and a score ≥5 indicating frailty,
was used to evaluate the presence of frailty in patients.
According to the results of TFI, 72 cases were assigned to the
frailty group and 113 to the nonfrailty group. In addition,
relevant literature and reports on frailty in MHD patients
were searched, and the influencing factors were summarized
to make a questionnaire. What is more, we collected pa-
tients’ general data, clinical data, blood routine, and blood
biochemical data (routine blood routine and blood bio-
chemical tests were performed in the hemodialysis room
before hemodialysis every 3 months, and the latest reports
prior to patients’ participating in this study were collected
for analysis) for analysis. PLR and NLR were calculated
based on the blood routine indexes of the included patients.
PLR represents the neutrophil/lymphocyte ratio, and NLR
represents the platelet/lymphocyte ratio.

2.3. Outcome Measures

(1) ,e influencing factors of frailty in MHD patients
were determined by one-way analysis of variance
(ANOVA) and binary logistic regression

(2) ,e diagnostic value of PLR and NLR for frailty in
MHD patients was observed

(3) ,e 3-year mortality was observed and compared
(4) ,e effects of different levels of NLR and PLR on the

survival of MHD patients were analyzed

2.4. Statistical Processing. SPSS22.0 statistical software (Easy
Bio (Beijing) Technology Co., Ltd., China) was used to analyze
data. ,e normally distributed continuous variables were
described as mean± standard deviation (‾X± SD), and the
differences were analyzed by the t-test of independent samples
(denoted by t). Nonnormally distributed measurement data

were recorded as the median (lower and upper quartiles), and
intergroup comparisons were performed by Mann–Whitney
U-tests. ,e count data were tested by the Pearson chi-square
test and expressed as χ2. Variables that differed in univariate
analysis were screened, and the influencing factors of frailty in
MHD patients were analyzed by multivariate binary logistic
regression. After plotting the receiver operating characteristic
(ROC) curves, the area under the ROC curves (AUROC) was
calculated, with the values of 0.5–0.7 indicating small diag-
nostic utility, 0.7–0.9 indicating medium diagnostic utility,
and >0.9 indicating high diagnostic utility. Patient survival
was analyzed by the Kaplan–Meier method with the use of the
log-rank test, and the multivariate analysis was performed
using the Cox model. P values< 0.05 indicated that the dif-
ferences were statistically significant.

3. Results

3.1. Comparison of General Information and Clinical Data.
Among the 185 patients included, 72 patients had frailty,
accounting for 38.92%. Patients in the frailty group were
elder with higher NLR and PLR, while lower dialysis ade-
quacy, serum albumin (SA), grip strength (GS), walking
speed (WS), and midarm muscle circumference (MAMC)
than the nonfrailty group (P< 0.05). In addition, there were
no significant differences in sex, dialysis duration, education
years, type 2 diabetes mellitus, coronary artery disease,
hemoglobin, predialysis blood urea nitrogen, predialysis
serum creatinine, uric acid, triglyceride, total cholesterol,
high-density lipoprotein, low-density lipoprotein, blood
potassium, blood calcium, blood phosphorus, body mass
index, and upper arm circumference between the two groups
(P> 0.05) as given in Table 1.

3.2. Influencing Factors Related to Frailty inMHD Patients by
Logistic Regression Analysis. ,e occurrence of frailty was
used as the dependent variable (1� occurrence;
0� nonoccurrence), and the indicators which differed in the
univariate analysis were selected for multivariate binary
logistic regression analysis. It was found that dialysis ade-
quacy, SA, NLR, and PLR were all risk factors leading to
frailty in MHD patients as given in Table 2.

3.3. Diagnostic Value of NLR and PLR for Frailty in MHD
Patients. ,e AUROC of NLR for diagnosing frailty in
MHD patients was 0.859. When the cutoff value of NLR was
2.98, its Youden index, specificity, and sensitivity were 0.666,
0.805, and 0.861, respectively. ,e AUROC of PLR for di-
agnosing frailty in MHD patients was 0.799, and when the
cutoff of PLR was 118.98, its Youden index, specificity, and
sensitivity were 0.642, 0.850, and 0.792, respectively, as
shown in Figure 1.

3.4. Correlations of NLR and PLR with Prognosis of MHD
Patients. With the NLR diagnostic cutoff value of 2.98 as the
dividing line, the patients were further assigned to the NLR
high-expression group (n� 84) and NLR low-expression group
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(n� 95). Survival analysis showed that the survival rate of the
NLR high-expression group was lower than that of NLR low-
expression, with a statistical difference (χ2�19.922, P< 0.001).
Similarly, the patients were assigned to high (n� 76) and low
(n� 103) PLR expression groups, with the PLR diagnostic
threshold of 118.98 as the dividing line. Survival analysis
showed a significantly lower survival rate in patients with high
PLR expression compared with those with low PLR expression
(χ2� 4.617, P � 0.032), as shown in Figure 2.

3.5. Comparison of 3-Year Mortality. Six (1 in the frailty
group and 5 in the nonfrailty group) of the 185 patients were
lost to follow-up due to hospital referrals or other factors.
,irteen cases out of the 71 patients with frailty died within

the 3 years of follow-up, with an incidence of 18.31%. While
9 cases among the 108 cases in the nonfrailty group died
within 3 years, with an incidence of 8.33% (P< 0.05). ,e
survival analysis revealed that the 3-year survival rate of the
frailty group was significantly lower than that of the non-
frailty group (χ2� 3.932, P � 0.047). Multivariate COX
proportional risk model analysis identified that NLR was an
independent risk factor affecting the prognosis of MHD
patients, as given in Tables 3 and 4 and Figure 3.

4. Discussion

Frailty is a condition in which the decrease of physiological
reserve and the dysfunction of multiple systems lead to the
decline of the body’s ability to cope with external conditions. In

Table 1: Comparison of related influencing factors of frailty in patients with 1MHD.

Categories Frailty group (n� 72) Nonfrailty group (n� 113) χ2/t/Z value P

Male (n (%)) 31 (43.06) 57 (50.44) 0.962 0.327
Age (years) 59.4± 13.7 53.2± 13.9 3.261 0.001
Dialysis duration (months) 66.94 (35.12, 88.72) 67.22 (34.21, 86.23) 0.573 0.632
Education years 8.65± 2.67 8.94± 2.86 0.582 0.552
Dialysis adequacy 1.43± 0.26 1.66± 0.27 5.726 <0.001
Type 2 diabetes mellitus (n (%)) 28 (38.89) 31 (27.43) 2.657 0.103
Coronary artery disease (n (%)) 14 (19.44) 19 (16.81) 0.208 0.649
SA (g/L) 37.16± 4.01 40.41± 3.25 6.058 <0.001
Hemoglobin (g/L) 107.62± 19.81 112.14± 15.47 1.734 0.085
Predialysis blood urea nitrogen (mmol/L) 25.74± 7.25 26.78± 7.36 0.943 0.347
Predialysis serum creatinine (umol/L) 583.82 (252.34, 762.12) 629.72 (272.67, 782.45) 1.432 0.156
Uric acid (umol/L) 463.24± 74.59 446.87± 71.26 1.496 0.136
Triglyceride (mmol/L) 1.71 (1.17, 2.34) 1.84 (1.12, 2.19) 0.675 0.485
Total cholesterol (mmol/L) 3.84± 0.79 3.92± 0.73 0.451 0.704
High-density lipoprotein (mmol/L) 1.01± 0.33 1.09± 0.36 1.522 0.130
Low-density lipoprotein (mmol/L) 3.38± 0.74 3.42± 0.71 0.368 0.714
Blood potassium (mmol/L) 4.74± 0.78 4.52± 0.74 1.930 0.055
Blood calcium (mmol/L) 2.04± 0.21 2.07± 0.23 0.894 0.372
Blood phosphorus (mmol/L) 1.92± 0.48 1.85± 0.49 0.955 0.341
NLR 4.18± 1.02 2.55± 0.95 11.091 <0.001
PLR 129.96± 12.62 112.62± 13.36 8.787 <0.001
Body mass index (kg/m2) 20.26± 2.58 21.01± 2.76 1.823 0.07
GS (kg) 20.11(14.32, 21.21) 28.72 (19.21, 36.72) 4.785 <0.001
WS (m/s) 0.65± 0.26 0.76± 0.25 2.921 0.004
Bicep’s circumference (mm) 28.62± 2.31 29.11± 3.24 1.115 0.126
MAMC (mm) 21.62± 2.74 23.08± 2.72 3.548 <0.001
SA, serum albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; GS, grip strength; WS, walking speed; MAMC, midarmmuscle
circumference.

Table 2: Logistic regression analysis of influential factors related to frailty in MHD patients.

Variables β SE Wald value OR value (95% CI) P

Constants 13.623 6.903 3.894 — 0.048
Age (years) 0.004 0.042 0.007 1.004 (0.925–1.089) 0.933
Dialysis adequacy −3.506 1.439 5.937 0.030 (0.002–0.504) 0.015
SA (g/L) −0.658 0.178 13.693 0.518 (0.365–0.734) <0.001
NLR 2.022 0.429 22.188 7.554 (3.257–17.523) <0.001
PLR 0.131 0.033 16.252 1.140 (1.070–1.216) <0.001
GS (kg) −0.073 0.048 2.305 0.929 (0.846–1.022) 0.129
WS (m/s) −1.527 1.281 1.42 0.217 (0.012–2.676) 0.233
MAMC (mm) −0.184 0.142 1.674 0.832 (0.629–1.099) 0.196
SA, serum albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; GS, grip strength; WS, walking speed; MAMC, midarmmuscle
circumference.
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Figure 1: ROC curve of NLR and PLR in diagnosing frailty in MHD patients. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio.
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Figure 2: Correlation of NLR and PLR with prognosis of MHD patients. (a) Survival curves of patients with high and low NLR expression
levels. (b) Survival curves of patients with high and low PLR expression levels. NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio.

Table 3: Comparison of 3-year mortality.

Groups Death within 1 year Death within 2 years Death within 3 years
Frailty group (n� 71) 4 (5.63) 8 (11.27) 13 (18.31)
Nonfrailty group (n� 108) 1 (0.93) 4 (3.70) 9 (8.33)
χ2 3.491 3.919 3.955
P 0.061 0.048 0.047

Table 4: COX multivariate analysis of prognosis in MHD patients.

Variables β SE Wald HR value (95% CI) P

NLR 0.972 0.248 15.419 2.644 (1.627–4.295) <0.001
NLR, neutrophil-to-lymphocyte ratio.
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addition to the increase of vulnerability of the body, it can lead
to an increase in the incidence of adverse events, resulting in
adverse prognosis of patients [11]. MHD patients have an in-
creased incidence of frailty due to both the disease itself and the
treatment [12]. A foreign study showed that the incidence of
frailty in MHD patients can reach 33.2% [13]. In the present
study, 72 of the 185 enrolled patients withMHD inNanjing had
frailty with an incidence rate of 38.92%, whichwas similar to the
above results.

,e influencing factors of frailty in MHD patients were
discussed in this study. ,e incidence of frailty increases with
age and can reach 21.5% among the elderly in China [14].
Dialysis adequacy refers to the removal of excess water and
toxins from the patient’s body through HD to reach a com-
fortable state [15]. In a domestic study involving 120 MHD
patients, dialysis adequacy was tested, and it was found that
MHD patients with more adequate dialysis (i.e., urea clearance
index ≥1.2) had a lower probability of muscle content decline
and were less prone to frailty [14]. In addition, malnutrition and
sarcopenia are common complications in MHD patients. Ev-
idence has shown thatMHDpatients with hypoproteinemia are
more susceptible to frailty, and the SA level is negatively cor-
related with the degree of frailty [15]. Another study holds that
sarcopenia is the core mechanism of frailty, and GS, WS, and
MAMC are important indexes to diagnose and evaluate sar-
copenia [16, 17]. At present, the clinical etiology of frailty is still
unclear, but studies have shown that chronic inflammation is
the key mechanism leading to frailty [18]. Both NLR and PLR
are important indicators of systemic inflammation. It is shown
that NLR can be used as an independent risk factor for pre-
dicting renal failure in patients with stage 4 chronic kidney
disease [19]. Under the stimulation of inflammation, mega-
karyocytic hyperplasia can be induced to increase the count of
platelets, which will interact with endothelial cells and leuko-
cytes to produce inflammatory factors, resulting in a vicious

cycle. ,e onset of many diseases is associated with the increase
of platelets [20]. Another study showed a correlation between
platelet count and inflammatory status inMHDpatients. PLR is
an indicator reflecting the stability of platelets in the human
body [21]. ,is study showed that the microinflammation of
MHD patients with frailty was more obvious, which was related
to the high expression of inflammatory factors in the micro-
inflammatory state that promoted the occurrence of the disease
and induced frailty. Regression analysis identified that in ad-
dition to NLR and PLR, SA and dialysis adequacy were also
independent risk factors for frailty in MHD patients.

Microinflammation is a common condition in patients with
MHD. In this study, the diagnostic value of NLR and PLR for
frailty inMHD patients was further studied.,e results of ROC
analysis determined that both NLR and PLR were of certain
diagnostic value for frailty in MHD patients. At present, no
study has explored the clinical implications of NLR and PLR for
diagnosing frailty in MHD patients. Previous studies have
shown a strong connection between inflammation and the
occurrence and development of diseases such as sarcopenia,
malnutrition, type 2 diabetes, and coronary heart disease [22],
which may be related to the occurrence of inflammation-in-
duced diseases and the body’s susceptibility to frailty in the
comorbid state.

In MHD patients with frailty, the risk of fracture, fall,
hospitalization, and death increases significantly, leading to a
decline in patients’ quality of life and adversely affecting their
prognosis [23]. Due to the disease itself and the fact that he-
modialysis cannot completely replace renal function, patients
are prone to frailty in the long-term hemodialysis process,
which can induce cardiovascular events and affect their out-
comes [24].,is study also showed a higher 3-year mortality in
MHD patients with frailty. NLR and PLN levels have been
indicated to be of certain predictive value for the clinical
progression and prognosis of patients with osteosarcoma [25].
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Figure 3: Survival curves of two groups of patients within 3 years.
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In another study, NLR and PLN could predict the survival of
patients with lower limb arteriosclerosis obliterans [26]. ,is
study further investigated the influence of different levels of
NLR and PLR on the prognosis of MHD patients. It was found
that MHD patients with high NLR and PLR levels had de-
creased survival and unfavorable prognosis, which may be
related to the persistence of chronic inflammatory state in-
ducing other diseases to exert an influence on patient prognosis.
Finally, COX multivariate analysis showed that NLR was an
independent risk factor affecting the prognosis of MHD pa-
tients. Zhang et al. [27] pointed out in their study that a higher
level of NLR rather than PLR could predict the risk of car-
diovascular death inMHDpatients by predicting erythropoietin
responsiveness, which is similar to our results.

With the extended life span of MHD patients, the inci-
dence of experiencing frailty is also on the rise, which deserves
more attention from the clinic. Clinical workers should pay
attention to the monthly blood routine testing of MHD
patients and evaluate whether the microinflammatory state in
patients with elevated NLR and PLR is associated with frailty,
so as to take intervention measures such as nutritional intake
and dialysis adequacy as early as possible. Referring to the
previous research, we began to carry out exercise combined
with nutritional support intervention therapy for MHD pa-
tients with frailty, searched for exercises suitable for MHD
patients such as resistance exercise and Baduanjin, and set up
a special nutritional support group to evaluate the nutritional
status of patients and give individualized diet intervention, all
of which can reduce the microinflammatory factors in pa-
tients to a certain extent and correct the patients’ frailty.

,e novelty of this study lies in that it not only confirmed
the diagnostic and prognostic value of NLR and PLR in
MHD but also proved the correlations of the two with the
occurrence of frailty and the prognosis of MHD patients
from multiple perspectives, such as related factors of frailty,
diagnostic value in frailty, patient prognosis, and related
influencing factors, which provides new clinical markers for
the diagnosis and prognosis prediction of MHD patients and
provides a new clinical reference for the prevention of frailty
and poor prognosis in MHD patients.

Shortcomings and prospects: the sample size of this
study is small, which can be further expanded to observe the
influence of NLR and PLR on the diagnosis and prognosis of
MHD patients with frailty.

5. Conclusion

To sum up, dialysis adequacy, SA, NLR, and PLR are in-
dependently associated with frailty in MHD patients. NLR
and PLR are of certain clinical implications for diagnosing
frailty in MHD patients. MHD patients combined with
frailty are accompanied by poor prognosis, as of those with
high NLR and PLR levels.
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