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Risk factors for the mortality of hemodialysis =
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Abstract

Purpose Exploring the risk factors for mortality of hemodialysis patients undergoing COVID-19 and the changes
in mortality before and after the opening of the epidemic in northern Hunan province, China.

Methods We analyzed 230 hemodialysis patients with COVID-19 in the Yiyang Central Hospital from November 01,
2022 to February 28, 2023. Demographic data, laboratory data and public diseases were collected. Cox regression
analysis was used to identify risk factors and independent predictors of mortality. The receiver operating characteristic
(ROCQ) curve was used to determine the diagnostic value of risk factors in hemodialysis COVID-19 patients.

Results The average duration of the disease was 12.53 days. The mortality rate in our cohort was 28.70%. Independ-
ent predictors of mortality in our cohort were: age (hazard ratio [HR] 1.09; 95% confidence interval [Cl], 1.05-1.14;
P<0.001), elevated procalcitonin (PCT) levels (HR 1.02; 95%Cl, 1.01-1.03; P<0.001), and higher white blood cell-
neutrophil ratio (NWR) (HR 1.04; 95%Cl, 1.04-1.07; P=0.004). Areas under the ROC curve (AUC) for age, NWR, PCT,
age*NWR were 0.70 (95%Cl: 0.62-0.77), 0.82 (95%Cl: 0.75-0.90), 0.64 (95%Cl: 0.55-0.73), and 0.89 (0.85,0.94).

Conclusion We discovered that old age, high levels of NWR and PCT might be predictors of mortality, reported
the causes and prognostic predictors of mortality in hemodialysis populations with COVID-19 from northern Hunan,
China.
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Introduction

The globally widespread coronavirus disease of 2019
(COVID-19) was first detected in Wuhan province,
China, in December 2019 and is caused by the severe
acute respiratory syndrome coronavirus [1]. Older hemo-
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data display that the global mortality rate of COVID-
19 dropped from 3.85% in June 2020 to 0.35% in Octo-
ber 2022. During the same period, the mortality rate of
United States decreased from 3.82% to 0.26%, and that
of China from 2.81% to 0.12%, Germany from 9.43% to
0.27%, Japan from 3.44% to 0.13%, above countries except
China have opened ([5, 6], https://coronavirus.jhu.edu/
map.html). The death rate of dialysis patients compli-
cated with the novel coronavirus accounts for 20% to
30% of the total death rate of the novel coronavirus [7].
On December 1, 2022, all parts of the country began to
implement the policy of epidemic prevention and devel-
opment. China’s Hunan province opened to the public on
December 10, but there is little information on trends in
its mortality rate.

According to existing research, advanced age and com-
plications with hypertension, diabetes, and cardiovas-
cular and cerebrovascular diseases are risk factors for
severe pneumonia with hypoxia, acute respiratory dis-
tress syndrome, multiple organ failure, and the need for
intensive care units (ICU) and respiratory support [8, 9].
Risk factors for mortality in hemodialysis patients with
COVID-19 include older age, elevated markers of inflam-
mation, low albumin levels, respiratory support, and high
ICU occupancy [10-13]. Up to now, the inflammatory
indicators reported in the literature mainly include: white
blood cell (WBC), neutrophil counts, lymphocyte counts,
neutrophil-lymphocyte ratio (NLR), lymphocyte counts,
C-reactive protein (CRP). It is not clear whether there are
other inflammatory markers (procalcitonin, white blood
cell-neutrophil ratio) associated with mortality.

This study mainly explored changes in mortality and
risk factors of mortality in a cohort of hemodialysis
patients co-infected with COVID-19 in northern Hunan
province (Supplementary Fig. 1) [14], China before and
after the opening of epidemic prevention, and deter-
mined whether old age and other inflammatory indica-
tors could be used as predictors.

Materials and methods

Population

This investigation reviewed uremic patients undergo-
ing hemodialysis at Yiyang Central Hospital. The study
included 262 hemodialysis patients between November
1, 2022 and February 1, 2023. The inclusion criteria were:
patients met diagnostic criteria for chronic kidney dis-
ease (CKD); the indication for hemodialysis was reached;
at least once on hemodialysis; COVID-19 nucleic acid
test positive. Exclusion criteria were: patients with
incomplete clinical data; other organic heart disease and
congenital heart disease. In the end, 230 patients were
enrolled and met the demand in the study. These patients
have not received COVID-19-related vaccines. The study
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protocol was designed and approved by the Institutional
Ethics Committee of Yiyang Central Hospital. Informed
consent was obtained from each patient.

Clinical and biochemical variables

As part of routine clinical care, pathology of electronic
systems is a retrospective review, records for the first
time in hemodialysis patients with biochemical variables,
including complete blood count, calcium, phosphate,
procalcitonin (PCT), parathormone (PTH), albumin,
ferritin, total cholesterol, triglyceride, low density lipo-
protein cholesterol (LDL), high-density lipoprotein cho-
lesterol (HDL), CRP, brain natriuretic peptide (BNP),
troponin T (TnT), erythrocyte sedimentation rate (ESR).
Demographic data recorded included age, gender, the
first hemodialysis catheter, ejection fraction (EF), pres-
ence of diabetes mellitus, ischemic heart disease (IHD),
hypertension, cerebrovascular disease, and chronic
obstructive pulmonary disease, respiratory support,
intensive care, the use of corticosteroids. All patients
assessed to be stable enough for chest imaging under-
went chest computed tomography (CT), which reported
as suggestive or non-suggestive of COVID-19, based on
lung lesions. Severity was graded according to the rate
of lung involvement (grades 1, 2, 3, and 4 correspond
to<25%, 26—50%, 51-75%, and > 75%, respectively). Data
information was also obtained from the electronic medi-
cal record system to instructive the cause of death.

Statistical analyses

All data were recorded and analyzed using Spss soft-
ware (version 26; IBM, Chicago, USA) and Graphpad
Prism (version 8.0.1; Graphpad Software, California,
USA). Descriptive statistics for the study cohorts were
calculated, continuous variables were reported as
mean + standard deviation or median and interquartile
ranges depending on their distribution, and their dis-
tribution was tested using Kolmogorov—Smirnov tests.
Categorical variables are expressed as frequencies (%).
Baseline characteristics of patients grouped according to
survival or death were analyzed using the Student test,
Mann—-Whitney’s U test or Analysis of variance for con-
tinuous variables and the Chi-Square test for categorical
variables. Univariate Cox regression analyses were used
to identify preidictors of cardiovascular and all-cause
mortality, and significant predictors (factors with P-val-
ues less than 0.05 in univariate Cox regression analyses)
were subsequently added to the multivariate model. The
prognosis power of the meaningful predictors to predict
mortality of patients with hemodialysis complicated with
COVID-19 assessed based on the analysis of the Receiver
Operating Characteristic (ROC).
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Results

Basic information regarding the included patients

At last, 230 hemodialysis patients were included in the
study. Their baseline characteristics were described
in Table 1. After a total of 3 months of follow-up, 66
patients died (28.70%). All patients were divided into sur-
vival and death groups. The hemodialysis patients who
died were significantly more likely to be advanced age,
ischemic heart disease (IHD), cerebrovascular accident
(CVA), need for respiratory support, ICU stay, use of cor-
ticosteroid, higher levels CT chest grades, lymphocyte
count, NWR, NLR, troponin T, D-dimer, BNP, creatinine
phosphate and PCT.

Comparison of respiratory support

Depending on clinical needs, different levels of respira-
tory support are provided, ranging from supplemental
oxygen through a simple mask or non-rebreathing mask,
to more advanced high nasal oxygen, continuous positive
airway pressure ventilation, and occasional mechanical
ventilation tracheal intubation [10]. The respiratory sup-
port mentioned in this study mainly includes the latter
two types, collectively known as mechanical ventilation.
For convenience, we divided the hemodialysis patients
into three groups: no respiratory support, non-inva-
sive respiratory support, and endotracheal intubation
(Table 2). This table uncover that patients who are older,
hypertensive, need for ICU stay, increased WBC, neu-
trophil counts, lymphocyte count, NWR, NLR, troponin
T, D-dimer, BNP, creatinine, phosphate, PCT and CT
chest grades, are more likely to need respiratory support.
Moreover, mortality was strongly associated with the use
of respiratory support.

Comparison of infected hemodialysis patients

regarding intensive care unit need

Hemodialysis patients with COVID-19 who needed
to stay at ICU were compared to patients who did not
(Table 3). Patients who needed ICU stay had older age,
hypertension, higher CT chest grades, WBC, neutro-
phil count, lymphocyte count, NLR, CRP, NWR, PCT,
D-dimer, and creatinine. They also had statistically signif-
icantly use of corticosteroid, need for respiratory support
and lower albumin at admission and suggested a higher
mortality in patients requiring ICU.

Transformations in the mortality rate before and after

the opening of epidemic prevention

During the study period, 66 patients died. The curves for
the mortality of the hemodialysis cohort are exhibited in
Fig. 1. Figure 1 shows that the mortality rate has gradu-
ally increased from 1.74% to 6.09% before December
10, 2022. The mortality rate has sharply increased and
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reached 16.09% after 5 days of December 10, 2022. Over
time, the mortality rate has gradually decreased.

Univariate and multivariate regression analysis related
to mortality
In univariate analyses, age, use of corticosteroid and the
labs including lymphocytes, monocytes, NWR, PCT,
phosphate, D-dimer, BNP were associated with mortality.
In multivariate Cox regression analysis of mortality,
increasing age (hazard ratio [HR] 1.09; 95% confidence
interval [CI], 1.05-1.14; p<0.001), use of corticosteroid
(HR 0.24; 95%CI, 010-0.55; p=0.001), higher NWR (HR
1.04; 95%CI, 1.01-1.07; p=0.004) and PCT (HR 1.02;
95%CI, 1.01-1.03; p<0.001) were independently asso-
ciated with mortality. Increasing age (HR 1.03; 95%CI,
1.01-1.06; p=0.003) and neutrophils (HR 1.32; 95%CI,
1.04-1.69; p=0.023) were also significantly associated
with all-cause mortality (Table 4).

Roc curves for age, NWR, and PCT

ROC analysis was performed for the diagnostic decision-
marking features of age, NWR and PCT. The cut-oft value
of the prognosis power of the age, NWR and PCT were
determined with ROC analysis (Fig. 2). Areas under the
ROC curve (AUC) obtained for cut-off value analysis
in detecting the mortality. The curves showed that the
optimal thresholds for age, NWR and PCT were 66.50,
0.89 and 2.54, respectively. In these cases, the AUC were
0.70 (95%CI: 0.62-0.77), 0.82 (95%CI: 0.75-0.90) and
0.64 (95%CI: 0.55-0.73), the sensitivity were 0.76, 0.74
and 0.61, and the specificity were 0.60, 0.83 and0.68. In
order to improve the predictive value, this study com-
bined the two factors in pairs and found that the AUC
increased. AUC were in sequence 0.84 (95%CIL: 0.78—
0.91) (NWR*PCT), 0.75 (95%CIL: 0.67-0.82) (age*PCT)
and 0.89 (95%CI: 0.85-0.94) (age*N'WR). These results
show that the established ROC curve has good stability
and reliability (Table 5).

Discussion

In the current study, we found that the mortality rate of
hemodialysis patients with COVID-19 has reached to
the top 16.09% after 5 days of the opening day, and then
gradually decreased. In this single-center study of a group
of hospitalized hemodialysis with COVID-19 patients,
we investigated the causes and predictors of mortality
among hemodialysis with COVID-19 patients in north-
ern Hunan, China. We found that advanced in age, higher
NWR and PCT were predictors for mortality.

Our cohort showed that the mortality of hemodialy-
sis populations infected with the COVID-19 is 28.70%.
This is roughly the same mortality as reported in some
published hemodialysis cohorts, including United States
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Table 1 Baseline patient characteristics
Variables All patients Live(n=164) Death(n=66) P-values
Demographics
Ages (years) 67 (58.0,72.25) 64 (54.25,71.00) 71 (66.75, 75.00) <0.001
Male gender, n (%) 151 (65.65) 102 (62.20) 49 (74.24) 0.08
Comorbidities
Catheter at Tst HD, n (%) 103 (44.78) 7 (40.85) 6 (54.55) 0.06
Diabetes mellitus, n (%) 96 (41.74) 62 (37.80) 34 (51.52) 0.06
IHD, n (%) 41 (17.83) 2(1347) 9(28.79) 0.006
Hypertension, n (%) 180 (78.26) 132 (80.49) 8 (72.73) 0.18
CVA, n (%) 53 (23.04) 28(17.07) 5(37.88) 0.001
COPD, n (%) 15 (6.52) 11 (6.70) 4 (6.06) 1.00
Laboratory Variables
Hb ? (g/L) 85.00 (70.00, 106.00) 87.36+23.73 88.00 (71.00, 109.25) 0.75
WCC (x 1019/L) 640 (4.74,9.12) 6.29 (4.77,8.98) 6.92 (4.60,9.42) 0.71
Neutrophil (x 10A9/L) 5.22 (3.55,8.10) 498 (3.64,7.76) 5.77 (3.10,8.44) 0.57
Lymphocytes @ (x 10A9/L) 0.64(041,0.92) 0.69 (0.46,0.97) 0.58+0.34 0.001
Monocytes @ (x 10A9/L) 0.50(0.31,0.70) 0.52(0.33,0.72) 0.50+0.28 0.19
NWR 0.83(0.74,0.92) 0.79(0.73,0.87) 0.97 (0.87,7.80) <0.001
LWR 0.10(0.060, 0.16) 1(0.07,0.16) 0.08 (0.03,0.14) 0.12
MWR 0.07 (0.05,0.10) 0.08 (0.06,0.10) 0.06 (0.04,0.10) 0.65
NLR 7.81(4.57,15.34) 7.07 (4.40,13.13) 10.57 (5.20, 26.24) 0.02
MNR 0.09 (0.06,0.14) 0.10(0.07,0.14) 0.08 (0.05,0.13) 0.07
MLR 0.74 (0.47,1.25) 0.72(0.48,1.14) 0.85(0.51,1.43) 0.10
PMR 337.92 (209.52,497.58) 34154 (205.70, 504.41) 325.00 (215.33,482.01) 0.89
PLR 24291 (153.18,420.13) 231.58 (152.77,393.84) 289.89 (157.87,488.15) 0.07
PNR 30.73 (19.05, 46.30) 32.38(21.59,47.09) 2542 (16.98,45.93) 0.15
Albumin @ (g/L) 33.60 (30.00, 39.70) 33.84+583 33.80 (29.25, 38.33) 0.99
Ferritin (ug/L) 433.10 (157.70,997.50) 412.00 (173.20, 898.25) 536.30(125.40,1112.30) 0.45
Total cholesterol @ (mmol/L) 345+1.03 351+1.09 3.29+0.84 0.14
HDL (mmol/L) 0.94 (0.76,1.17) 0.95 (0.76,1.16) 0.90(0.79,1.18) 091
LDL @ (mmol/L) 1.80 (1.34,2.36) 1.79(1.39,2.39) 1.75+0.65 034
Triglycerides (mmol/L) 147 (1.05,2.21) 1.55(1.05, 2.26) 141(1.03,2.02) 0.36
CRP (mg/L) 61.92(17.21,138.03) 51.39(1645,137.24) 77.50 (2550, 161.10) 0.13
TnT (pg/ml) 79.25 (3643, 170.25) 63.90 (31.74, 127.80) 170.00 (72.20, 294.20) <0.001
ESR® 74.00 (43.75, 96.50) 81.00 (44.00, 98.00) 68.57+30.34 0.85
PCT (ng/L) 1.81(0.71,6.25) 1.60 (0.66, 3.83) 3.55(0.93,30.33) 0.002
PLT @ (x 10A9/L) 155.50 (110.75, 218.75) 173.86+81.78 140.00 (103.25, 188.50) 0.09
Phosphate # (mmol/L) 1.63 (130, 2.25) 1.69 (1.39, 2.44) 1.63+0.58 0.049
Calcium (mmol/L) 1.93(1.77,2.10) 1.90 (1.74, 2.06) 1.98 (1.85,2.13) 0.06
D-dimer (mg/L) 1.75(1.00,3.77) 1.39(0.80, 2.69) 267 (1.77,543) <0.001
EF (%) 57.56 (53.00, 65.00) 61.0 (53.25,65.00) 60.00 (47.00, 65.00) 0.15
BNP, n (%) 97 (42.17) 57 (34.76) 40 (60.61) 0.02
PTH (pg/ml) 244.20 (145.40,411.91) 264.78 (154.86,410.38) 191.94 (110.83,420.49) 0.21
Creatinine * (umol/L) 696.80 (494.25, 989.50) 740.90 (538.50, 1030.25) 638.94+284.43 0.004
Clinical course
Use of respiratory support <0.001
Noninvasive, n (%) 40(17.39) 3(14.02) 7 (25.76)
Invasive, n (%) 34 (14.78) 7(10.37) 7(25.76)
Use of corticosteroid, n (%) 100 (43.48) 75 (45.73) 25 (15.24) 0.03
Use of antiviral, n (%) 67(29.13) 7 (28.66) 20 (30.30) 0.80
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Table 1 (continued)
Variables All patients Live(n=164) Death(n=66) P-values
Use of ACEIl or ARB, n (%) 54 (23.48) 38(23.17) 16 (24.24) 0.86
Use of anticoagulant, n (%) 38(16.52) 29 (17.68) 9(13.64) 0.558
ICU stay, n (%) 73 (31.74) 41 (25.00) 32 (48.48) 0.001
CT chest <0.001
Grade 1, n (%) 18 (7.83) 5(9.15) 3(4.55)
Grade 2, n (%) 72 (31.30) 9(35.98) 13(19.70)
Grade 3,n (%) 82 (35.65) 8(35.37) 24 (36.36)
Grade 4, n (%) 49 (21.30) 7 (16.46) 22 (33.33)

Continuous data are expressed as median (interquartile range) unless otherwise stated

Bold values represent significance at p <0.05

HD hemodialysis, IHD ischemic heart disease, CVA cerebrovascular accident, COPD chronic obstructive pulmonary disease, Hb hemoglobin, WCC white cell count,
NWR Neutrophil-to-white cell ratio, LWR Lymphocyte-to-white cell ratio, MWR Monocyte-to-white cell ratio, NLR Neutrophil-to-Lymphocyte ratio, MNR Monocyte-
to-Neutrophil ratio, MLR Monocyte-to-Lymphocyte ratio, PMR blood platelet-to-Lymphocyte ratio, PLR blood platelet-to-Lymphocyte ratio, PNR blood platelet-
to-Neutrophil ratio, HDL high-density lipoprotein, LDL low-density lipoprotein, CRP C-reactive protein, TnT troponin T, ESR erythrocyte sedimentation rate, PCT
Procalcitonin, PLT blood platelet, EF ejection fraction, BNP brain natriuretic peptide (> 35,000 is expressed as”1” and <35,000 as“0”), PTH parathyroid hormone, ACE/
angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, ICU intensive care units

Mean+SD

(28-31%) [15, 16], Italy (29%) [17], Spain (30.5%) [18],
New York (31%) [15] and Japan 28.4% [19]. The mortal-
ity rose before and after the opening of the epidemic,
reaching even after 5 days of the opening day, and then
the mortality was taper off. This may be due to gradually
advanced medical measures learned from other countries
and Wuhan, mature clinical experience, and constant
drug updates [7, 8, 20].

Age and chronic kidney disease have been identified
as independent risk factors for death from COVID-19.
Majority of the died hemodialysis patients are elderly
[11]. Compared with younger hemodialysis patients,
elderly hemodialysis patients may exhibit a more
severe immunosuppressive state and weaker resist-
ance, and they often have other chronic diseases, lead-
ing to a higher mortality rate of elderly hemodialysis
patients with COVID-19 infection. Previous studies have
reported that there is a statistically significant correlation
between old age and mortality [10-12, 21]. Our results
in this regard are consistent with findings from them,
age was closely related to mortality, and the ROC curve
suggested that the optimal cut-off value was 66.5, which
meant that hemodialysis patients older than 66.5 years
had higher mortality and worse prognosis. Vergara et al.
reported that the age cut-off was 74.8 years and proved
that patients aged 75 years or older have a higher mortal-
ity rate than patients aged 65 to 74 years [21]. The differ-
ence is mainly due to the different age distribution of the
study objects.

Current literatures report that inflammatory param-
eters are associated with mortality in hemodialysis
patients with COVID-19: higher values of WBC, neu-
trophil counts, lymphocyte counts, NLR and CRP [12,

22, 23]. In contrast, in this study, different inflammatory
mediators exist as predictors: NWR and PCT. Inflamma-
tion starts when the immune system is activated to pro-
tect the body from invasion, such as bacteria or viruses
[24]. Lymphocytes mainly produce antibodies against
viral infection, and a high absolute and percentage of
lymphocytes indicates viral infection. Erdinc et al. sum-
marized the hematological manifestations of COVID-19
and reported that lymphocytopenia is the most com-
mon situation [25]. In the process of inflammation, white
blood cells are a major component of immunity against
pathogen invasion and activated and they move directly
into the invading pathogen, subsequently isolating
them [26]. In humans, neutrophils account for 50-70%
of all circulating leukocytes [27]. Neutrophils not only
have proinflammatory effects but may also exhibit anti-
inflammatory or healing features, clearing dead cells and
bacteria by their neutrophil phagocytic activity [26, 27].
NWR refers to the clinical neutrophil to leukocyte ratio.
Consequently, the increase of NWR is commonly seen
in various acute infections, acute injuries and acute poi-
soning of the body. CRP is a highly phylogenetically con-
served plasma protein involved in the systemic response
to inflammation. Its plasma concentration increases
in inflammatory states, up to 1,000 times or more after
acute inflammatory stimulation, a feature that has long
been used for clinical purposes. However, CRP is a
broad indicator of inflammation and cannot distinguish
between inflammation caused by bacterial or viral infec-
tions [28]. PCT is a biomarker that is usually elevated in
bacterial infections, but not viral infections [29]. Another
retrospective study showed increased use of PCT com-
pared to CRP, and that PCT were associated with more
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Table 2 Comparison of patients regarding respiratory support need

Variables All patients Noninvasive Invasive respiratory  NO Respiratory support P-values

respiratory support  support (n=34) (n=156)
(n=40)

Demographics
Ages ? (years) 67.00 (58.0,72.25) 72.00 (65.00, 75.00) 69.32+11.56 64.50 (54.25,71.00) <0.001
Male gender, n (%) 151 (65.65) 29 (72.50) 22 (64.71) 100 (64.10) 0.60

Comorbidities
Catheter at 1st HD, n (%) 103 (44.78) 9 (47.50) 21(61.76) 3(40.38) 0.07
Diabetes mellitus, n (%) 96 (41.74) 7 (42.50) 17 (50.00) 62 (39.74) 0.54
IHD, n (%) 41 (17.83) 2 (30.00) 6(17.65) 23 (14.74) 0.08
Hypertension, n (%) 180 (78.26) 8 (70.00) 20 (58.82) 132 (84.62) 0.002
CVA, n (%) 53 (23.04) 0(25.00) 9(26.47) 34.(21.79) 0.80
COPD, n (%) 15 (6.52) 2 (5.00) 0(0.00) 13 (8.30) 0.48

Laboratory Variables
Hb ? (g/L) 85.00 (70.00, 106.00) 85.08+29.36 95.06+38.61 87.19+£21.85 0.44
WCC (x 101A9/L) 6.40 (4.74,9.12) 8.36 (641,12.34) 7.53(5.78,10.88) 5.71(4.52,8.28) <0.001
Neutrophil (x 10A9/L) 5.22(3.55,8.10) 7.14(512,11.08) 5.86 (4.53,9.73) 4.30(3.01,6.67) <0.001
Lymphocytes ? (x 10A9/L)  0.64 (0.41,0.92) 0.54+0.31 0.61(0.36,0.94) 0.69 (0.46, 0.94) 0.008
Monocytes @ (x 10A9/L) 0.50(0.31,0.70) 0.54+0.29 046 (0.29,0.61) 0.52(0.32,0.70) 0.65
NWR 0.83(0.74,0.92) 0.90 (0.83,0.94) 0.85 (0.80,0.94) 0.79 (0.71,0.89) <0.001
LWR? 0.10(0.06, 0.16) 0.05(0.03,0.11) 0.10+0.07 2(0.07,0.18) <0.001
MWR? 0.07 (0.05,0.10) 0.06+0.04 0.06 (0.04, 0.08) 0.08 (0.06,0.11) <0.001
NLR 7.81(4.57,15.34) 17.89 (7.51,34.23) 1042 (5.31,23.79) 6.24 (3.90, 11.45) <0.001
MNR? 0.09 (0.06,0.14) 0.07+0.05 0.07 (0.04,0.11) 1(0.07,0.16) <0.001
MLR 0.74 (047, 1.25) 0.95 (0.55, 1.89) 0.69 (042, 1.40) 0.73 (0.49, 1.06) 0.71
PMR 337.92(209.52,497.58) 331.72(215.31,491.74) 284.10(190.53,494.91)  346.92 (208.68, 505.00) 0.69
PLR 24291 (153.18,420.13) 354.37(195.28,664.37) 216.99(118.69,449.53) 23158 (152.77,361.39) 0.02
PNR? 30.73 (19.05, 46.30) 257041544 23.60+13.88 35.64 (24.91,50.57) <0.001
Albumin® (g/L) 33.60 (30.00, 39.70) 3239+5.08 30.60 (27.65, 34.78) 34631575 0.003
Ferritin® (ug/L) 433.10(157.70,997.50) 1000.26 +837.85 522.00(236.00,1112.80) 371.45 (146.70,801.08) 0.06
Total cholesterol @ (mmol/L) 3.45+1.03 3.57+0.78 3.06+1.01 349+1.06 0.14
HDL @ (mmol/L) 0.94(0.76,1.17) 1.01+0.39 0.86(0.77,1.19) 0.95(0.76, 1.15) 0.94
LDL @ (mmol/L) 1.80 (1.34,2.36) 1.86+0.68 1.72+0.60 1.82(1.31,242) 0.55
Triglycerides @ (mmol/L) 147 (1.05,2.21) 149(1.19,2.33) 1.55+0.72 144(1.04,2.18) 0.77
CRP ?(mg/L) 61.92(17.21,138.03) 75.51(32.90, 216.54) 165.01+114.40 41.90 (14.52, 112.35) <0.001
TnT (pg/mi) 79.25(36.43,170.25)  73.33(22.00, 246.75) 143.00 (60.48,305.75)  76.25 (36.75, 138.20) 0.04
ESR® 74.00 (43.75, 96.50) 88.00 (31.50, 102.50) 70.36+3240 69.71+£31.32 0.95
PCT (ng/L) 1.81(0.71,6.25) 2.59(1.09,11.12) 8.54 (1.45,31.40) 142 (0.55,345) <0.001
PLT @ (x 10A9/L) 155.50(110.75,218.75) 183.78+97.18 146.50+77.77 162.00 (112.00, 215.00) 0.22
Phosphate @ (mmol/L) 1.63 (1.30,2.25) 1.98+0.69 148 (1.30,2.03) 162 (1.24,2.27) 0.22
Calcium (mmol/L) 1.93(1.77,2.10) 1.92 (1.53,2.03) 1.93(1.77,2.05) 148 (0.89, 2.44) 0.30
D-dimer (mg/L) 1.75(1.00,3.77) 248 (0.94, 5.26) 2.69(1.74,5.79) 1.48 (0.89, 2.44) 0.04
EF (%) 57.56 (53.00, 65.00) 60.00 (54.00, 66.50) 62.00 (57.25,66.00) 60.00 (53.00, 65.00) 0.52
BNP, n (%) 97 (42.17) 19 (47.50) 11(32.35) 67 (42.95) 0.40
PTH (pg/ml) 24420 (14540,41191) 264.16+189.24 203.97(111.24,537.24) 25334 (147.44,411.14) 0.78
Creatinine  (umol/L) 696.80 (494.25,989.50) 668.40+395.30 62097+412.70 734.90(568.75,1045.33) <0.001

Clinical course
Use of hormone, n (%) 100 (43.48) 3(57.50) 24 (70.59) 3(33.97) <0.001
Use of antiviral, n (%) 67 (29.13) 0 (25.00) 12 (35.29) 45 (28.85) 0.62
Use of ACEl or ARB, n (%) 54 (23.48) 1(27.50) 3(8.82) 40 (25.64) 0.09
Use of anticoagulant, n (%) 38 (16.52) 0 (25.00) 7 (20.59) 1(13.46)
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Table 2 (continued)
Variables All patients Noninvasive Invasive respiratory  NO Respiratory support P-values
respiratory support  support (n=34) (n=156)
(n=40)
ICU Stay, n (%) 73 (31.74) 28 (70.00) 28 (82.35) 17 (10.90) <0.001
CT chest <0.001
Grade 1, n (%) 18 (7.83) 2 (5.00) 1(2.94) 15 (9.62)
Grade 2, n (%) 72 (31.30) 9(22.50) 8(2353) 55 (35.26)
Grade 3, n (%) 82 (35.65) 11 (27.50) 8(23.53) 63 (40.38)
Grade 4, n (%) 49 (21.30) 14 (35.00) 16 (47.06) 19(12.18)
Mortality, n (%) 66 (28.70) 17 (42.50) 17 (50.00) 32(20.51) <0.001

Continuous data are expressed as median (interquartile range) unless otherwise stated

Bold values represent significance at p <0.05

HD hemodialysis, IHD ischemic heart disease, CVA cerebrovascular accident, COPD chronic obstructive pulmonary disease, Hb hemoglobin, WCC white cell count,
NWR Neutrophil-to-white cell ratio, LWR Lymphocyte-to-white cell ratio, MWR Monocyte-to-white cell ratio, NLR Neutrophil-to-Lymphocyte ratio, MNR Monocyte-
to-Neutrophil ratio, MLR Monocyte-to-Lymphocyte ratio, PMR blood platelet-to-Lymphocyte ratio, PLR blood platelet-to-Lymphocyte ratio, PNR blood platelet-
to-Neutrophil ratio, HDL high-density lipoprotein, LDL low-density lipoprotein, CRP C-reactive protein, TnT troponin T, ESR erythrocyte sedimentation rate, PCT
Procalcitonin, PLT blood platelet, £F ejection fraction, BNP brain natriuretic peptide (> 35,000 is expressed as”1” and <35,000 as “0”), PTH parathyroid hormone, ACE/
angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, ICU intensive care units

2Mean+SD

interventions, such as ICU admission, use of vasopres-
sors, and mechanical ventilation [30]. PCT levels are
very high in hemodialysis patients with severe aggressive
bacterial infections and decline rapidly during antibiotic
treatment [31]. There is reported that PCT is increased
in hemodialysis patients with COVID-19 [32]. Moreover,
in our study, the most important one in the prediction
model was PCT and mortality of hemodialysis patients
with COVID-19 was statistically significantly different
from high levels of NWR and PCT. The ROC curve in
this research indicated that AUC was greatly improved
when NWR and PCT combined, the accuracy of predict-
ing death increased when combined PCT or NWR with
advanced age. This suggests that in the early stage of the
novel coronavirus infection, bacterial infection is often
combined, and the mortality of hemodialysis patients will
increase. Therefore, we should also pay attention to the
treatment of bacterial infections in antiviral treatment. It
is also crucial to improve the examination of inflamma-
tory indicators, identify pathogenic bacteria in bacterial
culture, and select appropriate antibiotics according to
drug susceptibility tests.

Until 2023, the main antiviral drugs include: Azvudine,
Nematovir/ritonavir and Remdesivir. In China, hemodi-
alysis patients were not treated with Remdesivir because
the clinical trials are insufficient and it may cause serious
side effects and high resource consumption [33]. In our
research, statistical data analysis showed that there was
no significant correlation between the use of antiviral
drugs and mortality, suggesting that the above two novel
coronavirus specific drugs were not effective in patients
with hemodialysis combined with novel coronavirus,

and specific antiviral drugs should be developed for this
group of people. Recently, the launch of a new antiviral
drug called Monolavir for the treatment of novel corona-
virus in hemodialysis patients significantly reduces the
risk of hospitalization or death in adults at high risk of
COVID-19 who have not been vaccinated [34, 35]. Mon-
olavir improves poor prognoses, but whether combina-
tion with other drugs can improve efficacy needs further
study. Gagan et al. reported that corticosteroid use can
reduce mortality [36], and our study had the same con-
clusion. Literatures have reported that the increase of
D-dimer in hemodialysis patients is associated with mor-
tality [22, 37, 38]. Therefore, Perna et al. proposed that
anticoagulant drugs can protect patients from COVID-19
virus infection during each hemodialysis procedure [39].
However, in our study, the use of D-dimer and anticoagu-
lant drugs was not statistically significant with mortality.
One reason might contribute to this: in our hemodialysis
patient population, the regular use of anticoagulant drugs
on hemodialysis, including during the period of COVID-
19 infection, the level of D-dimer in the patients has been
maintained at a low level with no significant difference.
Critically ill hemodialysis patients with COVID-19
often develop hypoxemia and respiratory failure, as well
as other potential extrapulmonary complications, includ-
ing an increased risk of shock, acute kidney injury, and
thromboembolism. Between 6 and 10% of COVID-19
hemodialysis patients progress to acute respiratory dis-
tress syndrome, and mortality in hemodialysis patients
with COVID-19-associated ARDS may exceed 20% to
40%. Therefore, as the disease progresses, critically ill
hemodialysis patients require respiratory support and
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Table 3 Comparison of patients regarding intensive care unit need
Variables All patients ICU stay (n=73) NO ICU stay (n=157) P-values
Demographics
Ages (years) 67.00(58.00,72.30) 70.00 (61.50, 76.50) 65.00 (56.00, 71.50) 0.002
Male gender, n (%) 151 (65.65) 52(71.23) 99 (63.06) 022
Comorbidities
Catheter at Tst HD, n (%) 103 (44.78) 41 (56.16) 62 (39.49) 0.02
Diabetes mellitus, n (%) 96 (41.74) 33(45.21) 63 (40.13) 049
IHD, n (%) 41 (17.83) 14(19.18) 27 (17.20) 072
Hypertension, n (%) 180 (78.26) 46 (63.01) 134 (85.35) <0.001
CVA, n (%) 53 (23.04) 21(28.77) 32(20.38) 0.16
COPD, n (%) 15 (6.52) 2(2.74) 13 (8.28) 0.20
Laboratory Variables
Hb ? (g/L) 85.00(70.00,106.00) 87.10+£2591 85.00 (71.00, 106.00) 0.25
WCC (x 10/A9/L) 640 (4.74,9.12) 7.89 (5.06, 11.60) 6.21(4.68,831) 0.006
Neutrophil (x 10A9/L) 5.22 (3.55,8.10) 6.63 (4.10,9.89) 466 (3.23,6.85) 0.001
Lymphocytes @ (x 10A9/L) 0.64(041,0.92) 0.64+042 0.66 (0.46, 0.94) 0.03
Monocytes (x 10A9/L) 0.50(0.31,0.70) 046 (0.28,0.70) 0.52(0.33,0.70) 0.24
NWR 0.83(0.74,0.92) 0.88(0.81,0.94) 0.79 (0.73,0.90) <0.001
LWR? 0.10 (0.06,0.16) 0.08 (0.04,0.12) 0.12+0.07 <0.001
MWR 0.07 (0.05,0.10) 0.06 (0.04, 0.09) 0.08 (0.06,0.11) <0.001
NLR 7.81(4.57,15.34) 10.92 (6.60, 26.00) 6.24 (4.07, 12.06) <0.001
MNR 0.09 (0.06,0.14) 0.07 (0.04,0.11) 0.11(0.07,0.16) <0.001
MLR 0.74 (047, 1.25) 0.74 (047, 1.48) 0.74 (049, 1.16) 052
PMR 337.92 (209.52,497.58) 363.66 (212.48,538.73) 337.00 (208.38,493.70) 0.79
PLR 24291 (153.18,420.13) 250.88 (148.14, 500.00) 237.50 (154.28, 400.28) 033
PNR 30.73 (19.05, 46.30) 25.76 (14.39,35.12) 34.75(23.58,49.71) <0.001
Albumin @ (g/L) 33.60 (30.00, 39.70) 31624575 34.00 (30.75, 38.78) <0.001
Ferritin (ug/L) 433.10 (157.70,997.50) 912.20(330.75,1470.65) 364.40 (136.38, 753.08) 0.001
Total cholesterol @ (mmol/L) 345+1.03 335+0.96 348+1.05 039
HDL @ (mmol/L) 0.94(0.76,1.17) 094+0.32 0.95(0.76, 1.18) 035
LDL @ (mmol/L) 1.80 (1.34,2.36) 1.72+0.62 1.86 (1.35,2.44) 0.10
Triglycerides (mmol/L) 147 (1.05,2.21) 143(1.02,2.27) 149(1.07,2.17) 0.86
CRP (mg/L) 61.92(17.21,138.03) 99.04 (34.13,22892) 44.11 (15.10, 122.90) <0.001
TnT (pg/ml) 79.25 (3643, 170.25) 101.20 (27.00, 288.40) 76.39 (37.14,142.13) 0.20
ESR 74.00 (43.75, 96.50) 82.50 (45.00, 101.25) 72.50 (42.75, 96.00) 0.46
PCT (ng/L) 1.81(0.71,6.25) 3.97(1.25,28.68) 146 (0.60, 3.61) <0.001
PLT @ (x 10A9/L) 155.50 (110.75, 218.75) 161.53+87.22 164.00 (114.50, 215.50) 0.25
Phosphate @ (mmol/L) 1.63 (1.30,2.25) 1.85+0.69 145 (0.57,3.49) 073
Calcium @ (mmol/L) 1.93(1.77,2.10) 1.91 (1.48,2.04) 1.93+0.26 0.06
D-dimer (mg/L) 1.75(1.0,3.77) 1.42(0.88,2.45) 2.53(1.38,542) <0.001
EF (%) 57.56 (53.00, 65.00) 60.00 (54.00, 65.00) 61.00 (53.00, 65.00) 0.90
BNP, n (%) 97 (42.17) 31(42.47) 66 (42.04) 0.90
PTH (pg/ml) 244.20 (145.40,411.91) 103.97 (130.59,425.18) 25334 (147.77,408.36) 0.86
Creatinine * (umol/L) 696.80 (494.25, 989.50) 61548+367.79 748.00 (576.60, 1041.55) <0.001
Clinical course
Use of respiratory support <0.001
Noninvasive, n (%) 40(17.39) 28 (38.35) 12 (7.64)
Invasive, n (%) 34(14.78) 28(38.35) 6(3.82)
Use of corticosteroid, n (%) 100 (43.48) 43 (58.90) 57 (36.31) 0.001
Use of antiviral, n (%) 67 (29.13) 19 (26.03) 48 (30.57) 0.48
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Table 3 (continued)
Variables All patients ICU stay (n=73) NO ICU stay (n=157) P-values
Use of ACEIl or ARB, n (%) 54 (23.48) 13(17.81) 41 (26.11) 0.17
Use of anticoagulant, n (%) 38(16.52) 24 (32.88) 22 (14.01) 034
CT chest <0.001
Grade 1,n (%) 18 (7.83) 4 (5.48) 14 (8.92)
Grade 2, n (%) 72 (31.30) 12 (16.44) 60 (38.22)
Grade 3, n (%) 82 (35.65) 26 (35.62) 56 (35.67)
Grade 4, n (%) 49 (21.30) 25 (34.25) 24 (15.29)
Mortality, n (%) 66 (28.70) 32(43.84) 34 (21.66) 0.001

Continuous data are expressed as median (interquartile range) unless otherwise stated

Bold values represent significance at p <0.05

HD hemodialysis, IHD ischemic heart disease, CVA cerebrovascular accident, COPD chronic obstructive pulmonary disease, Hb hemoglobin, WCC white cell count,
NWR Neutrophil-to-white cell ratio, LWR Lymphocyte-to-white cell ratio, MWR Monocyte-to-white cell ratio, NLR Neutrophil-to-Lymphocyte ratio, MNR Monocyte-
to-Neutrophil ratio, MLR Monocyte-to-Lymphocyte ratio, PMR blood platelet-to-Lymphocyte ratio, PLR blood platelet-to-Lymphocyte ratio, PNR blood platelet-
to-Neutrophil ratio, HDL high-density lipoprotein, LDL low-density lipoprotein, CRP C-reactive protein, TnT troponin T, ESR erythrocyte sedimentation rate, PCT
Procalcitonin, PLT blood platelet, EF ejection fraction, BNP brain natriuretic peptide (> 35,000 is expressed as”1” and <35,000 as“0”), PTH parathyroid hormone, ACE/
angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, ICU intensive care units

Mean+SD
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Fig. 1 Variety in the mortality rate before and after the opening of epidemic

intensive monitoring in the ICU [40, 41]. In a study
from Turkey, a total of 134 (23.6%) hemodialysis patients
needed ICU care and 91 of them (67.9%) required
mechanical ventilation [42], the total number of peo-
ple in the study was 567 compared to 73 (31.74%) and
69 (30.0%) hemodialysis patients in our cohort. Unlike
some studies that show that hemodialysis patients requir-
ing respiratory support and ICU admission usually have
high mortality [10, 11], our findings showed ICU admis-
sion and use of respiratory support were not risk factors
for mortality and were not predictive of poor outcomes.
Most patients with critical hemodialysis come for res-
piratory support and intubation. Intubation has been

reported to increase infection and mortality, so whether
to intubation is still a question to consider.

This study has some limitations. Firstly, this study is a
single-center, small-sample study, and only can show the
situation in northern Hunan province, China. Secondly,
the study was conducted on a Chinese population, so the
findings may not be applicable to other ethnic groups.
Thirdly, when we performed multivariate Cox regression
analysis and adjusted for factors, we only included vari-
ables in univariate analysis with P<0.05, which may have
lost relevant risk factors affecting death to some extent.
Finally, this study is a retrospective study and it has its
inherent limitations such as information bias.
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Table 4 Univariate and multivariate cox regression model for mortality
Unadjusted Cox Adjusted Cox
analysis analysis
Variables P-values Hazards ratio (95% Cl) P-values Hazards ratio (95% Cl)
Demographics
Ages (years) <0.001 1.05(1.02,1.07) <0.001 1.09 (1.05, 1.14)
Male gender 0.79 1.08 (0.62, 1.88)
Comorbidities
Catheter at 1st HD 0.18 140 (0.86, 2.28)
Diabetes mellitus 0.30 1.30(0.80, 2.10)
IHD 0.33 1.31(0.76,2.24)
Hypertension 022 0.71 (041, 1.23)
CVA 0.01 1.91(1.16,3.16)
COPD 0.90 1.07(0.39,2.95)
Laboratory Variables
Hb (g/L) 0.87 1.00(0.99, 1.01)
WCC (x 1019/L) 0.69 1.01 (0.95, 1.08)
Neutrophil (x 10A9/L) 0.79 1.01 (0.95, 1.08)
Lymphocytes (x 107N9/L) 0.01 0.41 (0.20, 083)
Monocytes (x 101\9/L) 0.03 0.39(0.16,0.92)
NWR 0.003 1.02(1.01, 1.04) 0.004 1.04(1.01,1.07)
LWR 0.62 045 (0.02, 10.62)
MWR 0.08 0.00 (0.00, 2.09)
NLR 0.12 10.92(6.60,26.00)
MNR 0.58 1.45(0.39,5.32)
MLR 0.35 1.12(0.89,142)
PMR 0.52 1.00 (1.00, 1 OO)
PLR 0.22 1.00 (1.00, 1.00)
PNR 0.35 1.00 (1.00, 1.00)
Albumin (g/L) 0.19 1.00 (1.00, 1.01)
Ferritin (ug/L) 0.29 1.00 (1.00, 1.00)
Total cholesterol (mmol/L) 0.16 0.84 (0.65, 1 07)
HDL (mmol/L) 0.82 1.08 (0.57, 2.04)
LDL (mmol/L) 0.35 0.85(0.61,1.19)
Triglycerides (mmol/L) 0.23 0.85(0.66, 1.10)
CRP (mg/L) 0.81 1.00 (1.00, 1.00)
TnT (pg/mi) 0.05 1.00 (1.00, 1 OO)
ESR 0.67 1.00 (0.99, 1.01)
PCT (ng/L) 0.001 1.01 (1.01, 1.02) <0.001 1.02(1.01,1.03)
PLT (x 10M9/L) 0.07 1.00 (0.99, 1.00)
Phosphate (mmol/L) 0.02 0.57 (0.36, 0.90)
Calcium (mmol/L) 0.87 1.08 (0.45, 2.56)
D-dimer (mg/L) 0.001 1.11(1.05,1.17)
EF (%) 0.56 0.99(0.97,1.02)
BNP 0.008 2.06 (1.21, 351)
PTH (pg/ml) 0.30 1.00 (1.00, 1.00)
Creatinine (umol/L) 0.004 1.00 (1.00, 100)
Clinical course
Use of respiratory support 0.11
Use of corticosteroid 0.001 042 (0.25,0.71) 0.001 0.24(0.10,0.55)
Use of antiviral 0.21 0.71(042,1.21)
Use of ACEl or ARB 0.15 0.66(0.37,1.16)
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Table 4 (continued)
Unadjusted Cox Adjusted Cox
analysis analysis
Variables P-values Hazards ratio (95% Cl) P-values Hazards ratio (95% Cl)
Use of anticoagulant 0.17 061 (0.30,1.23)
CT chest 0.17

Continuous data are expressed as median (interquartile range) unless otherwise stated

Bold values represent significance at p <0.05

HD hemodialysis, IHD ischemic heart disease, CVA cerebrovascular accident, COPD chronic obstructive pulmonary disease, Hb hemoglobin, WCC white cell count,
NWR Neutrophil-to-white cell ratio, LWR Lymphocyte-to-white cell ratio, MWR Monocyte-to-white cell ratio, NLR Neutrophil-to-Lymphocyte ratio, MNR Monocyte-
to-Neutrophil ratio, MLR Monocyte-to-Lymphocyte ratio, PMR blood platelet-to-Lymphocyte ratio, PLR blood platelet-to-Lymphocyte ratio, PNR blood platelet-
to-Neutrophil ratio, HDL high-density lipoprotein, LDL low-density lipoprotein, CRP C-reactive protein, TnT troponin T, ESR erythrocyte sedimentation rate, PCT
Procalcitonin, PLT blood platelet, EF ejection fraction, BNP brain natriuretic peptide (> 35,000 is expressed as”1” and < 35,000 as“0”), PTH parathyroid hormone, ACE/
angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, ICU intensive care units
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Fig. 2 Operating characteristic (ROC) curve analysis of single factor and combined ROC curve analysis of two factors were performed

Table 5 ROC analysis results for the value of age, NWR and PCT
in predicting mortality

Factors AUC  95%Cl Cut-off  Sensitivity-  P-values
specificity

Age 069  (0620.77) 665 0.76-0.60 <0.001
NWR 0.82 (0.75090) 0.89 0.74-0.83 <0.001
PCT 064  (0550.73) 254 0.61-0.68 0.002
Age*NWR 089  (0.85094) 0.22 0.89-0.78 <0.001
Age*PCT 0.75 (068,082 0.29 0.67-0.72 <0.001
PCT*"NWR 084  (0.78091) 0.7 0.87-0.70 <0.001

ROC receiver operating characteristic, NWR Neutrophil-to-white cell ratio, PCT
Procalcitonin

Conclusion

In conclusion, we found that the mortality rate of
hemodialysis patients with COVID-19 has reached to
the highest after 5 days of the opening. We revealed
that advanced age, high levels of NWR and PCT, and
corticosteroid use were all associated with mortal-
ity, and age*N'WR might have the ability to predict the
mortality in hemodialysis patients with COVID-19. The
first three are positively correlated with mortality and
are also risk predictors of death. Therefore, for hemodi-
alysis patients infected with COVID-19, advanced aged
patients should be paid attention and anti-bacterial



He et al. BMC Nephrology (2025) 26:26

infection treatment and corticosteroid should be used
immediately if necessary. This study might provide
some experience to face the similar situation in hemo-
dialysis patients with virus and aids in preparedness for
future infectious disease outbreaks.

Abbreviations

COVID-19  Coronavirus disease of 2019

the US The United State

ICU Intensive care units

WBC White blood cell

NLR Neutrophil-lymphocyte ratio
CRP C-reactive protein

CKD Chronic kidney disease

PCT Procalcitonin

ESR Erythrocyte sedimentation rate
PTH Parathormone

LDL Low density lipoprotein cholesterol
HDL High-density lipoprotein cholesterol
BNP Brain natriuretic peptide

TnT Troponin T

EF Ejection fraction

IHD Ischemic heart disease

cT Computed tomography

ROC Receiver operating characteristic
CVA Cerebrovascular accident

NWR Neutrophil-to-white cell ratio

HR Hazard ratio

AUC Areas under the ROC curve
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