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Background: In hemodialysis (HD) patients, anemia is greatly improved due to regular weekly use of iron 
and erythropoietin (EPO), but a large number of patients still show persistent anemia. We do a survey to 
elucidate the influencing factors that contribute to the failure of hemoglobin (Hb) to meet the standard and 
provide epidemiological data reference for promoting the recognition of renal anemia and improving the 
treatment effect of renal anemia. 
Methods: The clinical data of End-Stage Renal Disease (ESRD) HD patients in 22 tertiary hospital HD 
centers in Liaoning Province from September 2021 to June 2022 were collected by convenient sampling. 
According to the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) anemia diagnostic criteria. 
The standard of Hb compliance: Hb ≥110 g/L is considered as Hb compliant, and Hb <110 g/L as Hb non-
compliant. The factors influencing Hb up-to-standard in ESRD HD patients and their correlations were 
analyzed by comparison between the two groups. 
Results: The results of this study showed that among the 1,652 ESRD patients investigated in Liaoning 
Province, the prevalence rate of anemia was 89.29% (1,475/1,652), and the Hb compliance rate was 46.25% 
(764/1,652). The Hb compliance rate in maintenance hemodialysis (MHD) patients with different primary 
diseases was statistically significant (P<0.05). Compared with the Hb non-standard group, the gender, dialysis 
access, HD frequency, concurrent infection, primary disease of ESRD patients, red blood cell (RBC) count, 
hematocrit (HCT), mean RBC Hb concentration, mean RBC Hb content, platelet (PLT), albumin (ALB), 
total protein (TP), serum creatinine (Cr), serum calcium (Ca), serum potassium (K), ferritin (Fer), serum iron 
(SI), and transferrin (TRE) saturation were significantly different between both groups (P<0.05). Adrenaline 
was an independent risk factor affecting Hb failure in ESRD patients (OR =1.001, 95% CI: 1.000–1.002); 
dialysis frequency (OR =0.726, 95% CI: 0.601–0.878), ALB (OR =0.959, 95% CI: 0.929–0.990), TP (OR 
=0.982, 95% CI: 0.968–0.996), serum Cr (OR =0.959, 95% CI: 0.929–0.999), and SI (OR =0.961, 95% CI: 
0.940–0.982) were protective factors affecting Hb failure in ESRD patients (P<0.05). Pearson correlation 
analysis showed that ALB, TP, serum Cr, serum Ca, serum K, SI, and TRE saturation were positively 
correlated with Hb (P<0.05). 
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Introduction

Anemia is a common complication of chronic kidney 
disease (CKD), and as chronic renal failure progresses, 
the prevalence of anemia increases with CKD stage; 
as a 3-year-long prospective study showed, CKD stage 
3 patients with anemia progress to CKD stage 4 more 
rapidly (1). Relevant study has shown that compared 
with patients without anemia, severe CKD patients with 
anemia have a 1.74-fold increased risk of acute hospital 
admission and a 1.82-fold increased risk of all-cause 
mortality (2). Research has found that patients with 
hemoglobin (Hb) <8.0 g/dL are 2 times more likely to 
die compared to those with Hb ≥11.0 g/dL at the start of 
hemodialysis (HD) (3). Renal anemia in dialysis patients 
is caused by a variety of causes, including erythropoietin 
(EPO) deficiency, absolute and functional iron deficiency, 
hyperparathyroidism, nutritional status, inflammation, 
etc. In HD patients, anemia is greatly improved due to 
regular weekly use of iron and EPO, but a large number 
of patients still show persistent anemia. The compliance 
rate of Hb in patients with end-stage renal disease 
(ESRD) is still not ideal (4). The results of the Dialysis 

Outcomes and Practice Patterns Study (DOPPS) showed 
that even with EPO treatment on a large scale (greater 
than 90%), more than 21% of dialysis patients in China 
had a Hb value of less than 9 g/dL, compared with 10.3% 
in Japan and 2.7% in the United States (5). In this study, 
we conducted a cross-sectional survey on the status of 
anemia in ESRD HD patients in Liaoning, and analyzed 
the factors that affect substandard Hb in HD patients. 
We aimed to perform a better and more comprehensive 
analysis of the causes of anemia in patients in order to 
elucidate the current situation of anemia, and provide a 
direction for improving its survival rate and quality of life. 
The findings would be helpful to guide the HD center to 
use drugs in a reasonable and standardized way, further 
reduce the number of blood transfusions in HD patients, 
avoid the occurrence of related complications, and provide 
a basis for the prevention and treatment of anemia in 
HD patients with ESRD. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-22-1348/rc).

Methods

Patients

The clinical data of ESRD HD patients in 22 tertiary 
hospital HD centers in Liaoning Province from September 
2021 to June 2022 were col lected by convenient 
sampling. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Medical 
Research Ethics Committee of the First Hospital of 
China Medical University approved the project (No. AF-
SOP-07-1.1-01). The other 21 hospitals are informed and 
agreed with our study. Informed consent was taken from 
all the patients before collecting their data. The inclusion 
criteria were as follows: (I) meeting the diagnostic criteria 
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of ESRD (6); (II) aged ≥18 years; and (III) undergoing 
maintenance hemodialysis (MHD) treatment (dialysis 
months ≥3 months, dialysis frequency 2–3 times/week, 
dialysis 4 hours each time). The exclusion criteria were as 
follows: (I) combined with other diseases that can cause 
anemia, such as tumors, digestive tract diseases (peptic ulcer, 
hemorrhoids, acute gastric mucosal bleeding from anal 
fissure), blood system diseases (leukemia, aplastic anemia, 
thalassemia, haemophilia, thrombocytopenic purpura); (II) 
massive blood loss in the first 3 months of enrollment; and 
(III) having received immunosuppressant, blood transfusion, 
and hormone therapy in the past 3 months.

Questionnaire

Basic information of patients is collected by special 
personnel. Laboratory indicators are measured by individual 
hospitals. The general information of patients (gender, 
age, ethnicity, marital status, education level, occupation, 
family annual income, type of medical payment), clinical 
data [whether they had been hospitalized in the past  
3 months, smoking history, blood pressure, body mass 
index (BMI), age at dialysis, access to dialysis, frequency of 
HD, frequency of hemofiltration, complications, primary 
disease etiology], laboratory tests [red blood cell (RBC), 
Hb, hematocrit (HCT), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin concentration (MCHC), 
mean corpuscular hemoglobin content (MCH), white 
blood cell (WBC) count, platelet (PLT), albumin (ALB), 
total protein (TP), prealbumin (PA), alkaline phosphatase 
(ALP), blood urea nitrogen (BUN), serum creatinine 
(Cr), fasting blood glucose (GLU), total cholesterol (TC), 
triglyceride (TG), high density lipoprotein (HDL-C), low 
density lipoprotein (LDL-C), uric acid (UA), bicarbonate 
(HCO3-), blood calcium (Ca), blood phosphorus (P), blood 
potassium (K), ferritin (Fer), serum transferrin (TRF), 
serum iron (SI), transferrin saturation (TSAT), parathyroid  
hormone (PTH)]. 

Criteria

The diagnostic criteria for renal anemia stipulate that a 
patient meets the following conditions at the same time: (I) 
anemia caused by insufficient EPO production, shortened 
RBC lifespan, abnormal iron metabolism, and nutritional 
disorders due to chronic damage to renal structure and/
or function; (II) according to the 2012K/DIGO anemia 
diagnostic criteria (6): male Hb <130 g/L, non-pregnant 

female Hb <120 g/L; (III) exclude anemia caused by other 
diseases except CKD. According to the Chinese expert 
consensus on the diagnosis and treatment of renal anemia, 
the clinical target of renal anemia is Hb ≥110 g/L, but not 
more than 130 g/L. The standard of Hb compliance: Hb 
≥110 g/L is considered as Hb compliant, and Hb <110 g/L 
as Hb non-compliant (6).

Statistical analysis

The software SPSS 26.0 (IBM Corp., Armonk, NY, USA) 
was used for statistical analysis, and the Kolmogorov-
Smirnov (K-S) method was used to test the normality 
of measurement data. Measurement data with normal 
distribution or approximately normal distribution were 
expressed as mean ± standard deviation (x ± s), and t-test was 
used for comparison between groups. The measurement 
data with skewed distribution were represented by as the 
mean {interquartile range; M [P25, P75]}, and comparisons 
between groups were performed by rank sum test; the 
count data were represented as the number of cases and 
the constituent ratio, and comparisons between groups 
were made using the χ2 test or Fisher’s exact test. Logistic 
regression analysis was used to analyze the factors affecting 
Hb compliance in MHD patients, and Pearson correlation 
analysis was used to analyze the correlation between Hb and 
each index. When P<0.05, the difference was considered 
statistically significant. Missing data were filled in with 
multiple imputation.

Results

Prevalence, awareness, and Hb compliance rate

According to inclusion and exclusion criteria, a total of 
1,652 ESRD patients treated with MHD were included 
in this study, including 1,027 males and 625 females, 
aged between 21 and 95 years, with an average age of 
(57.63±13.35) years. There were 1,475 ESRD patients with 
anemia and 177 without anemia. The prevalence of anemia 
was 89.29% (1,475/1,652). Among the ESRD patients, 701 
were aware that they had anemia, comprising an anemia 
awareness rate of 42.43% (701/1,652). Among those with 
anemia, 1,367 patients were treated for anemia, and the 
treatment rate was 92.71% (1,367/1,475). There were 764 
ESRD patients who reached the Hb standard, constituting 
a Hb compliance rate of 46.25% (764/1,652). Huludao City 
had the lowest Hb compliance rate, and Chaoyang City had 
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the highest Hb compliance rate (Figure 1).

Comparison of different primary disease

Among the known primary diseases of MHD, chronic 
glomerulonephritis accounted for the highest proportion, 
fo l lowed by  d iabet ic  nephropathy,  hypertens ive 
nephropathy, others, and polycystic kidney disease  
(Figure 2). Patients with chronic glomerulonephritis 
exhibited the highest prevalence of anemia (Figure 3). 
Hypertensive nephropathy had the lowest Hb compliance 
rate, as shown in Figure 4. There was no significant 
difference in the prevalence of anemia in MHD patients 
with different primary diseases (P>0.05); the Hb compliance 

rates in MHD patients with different primary diseases had 
statistical significance (P<0.05) (Table 1).

Comparison of general data and clinical data

Comparison of gender, dialysis access type, diastolic blood 
pressure, concurrent infection, primary disease etiology, 
RBC, HCT, MCHC, MCH, ALB, TP, Cr, Ca, K, Fer, 
SI, and TSAT between the Hb standard group and the 
Hb non-standard group showed that the difference was 
statistically significant (P<0.05) (Tables 2,3).

Logistic regression analysis of the influence

In order to explore the relationship between Hb attainment 
and various factors, we included statistically significant 
and significant clinical variables in univariate analysis into 
the multivariate analysis model. For example, RBC, HCT, 
MCHC and MCH were not included in the regression 
model. PTH was included into the multivariate analysis. 
The results showed that: high ALB, high TP, high SI, 
dialysis frequency (3 times/week), and high Cr was a 
protective factor for Hb failure to reach the target (P<0.05), 
and high PTH was an independent risk factor for Hb failure 
to meet the target (P<0.05) (Table 4). 

Correlation analysis of each laboratory index and Hb

Pearson correlation analysis showed that ALB, TP, Cr, Ca, 
K, SI, and TSAT were positively correlated with Hb level 
(P<0.05), whereas Fer had no correlation with Hb level 
(P>0.05) (Table 5).
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Figure 2 The etiological composition of different primary diseases.

Figure 1 Hb compliance in different cities in Liaoning Province. Hb, hemoglobin.
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Figure 3 Prevalence of anemia in MHD patients with different primary diseases. Hb, hemoglobin; MHD, maintenance hemodialysis.

Figure 4 Hb compliance in MHD patients with different primary diseases. Hb, hemoglobin; MHD, maintenance hemodialysis.

Table 1 Comparison of the prevalence of anemia and the rate of Hb compliance in MHD patients with different primary diseases [n (%)]

Underlying disease n=1,652 Anemia prevalence Hb compliance rate

Chronic glomerulonephritis 276 (16.71) 253 (91.67) 113 (40.94)

Hypertensive nephropathy 178 (10.77) 157 (88.20) 71 (39.89)

Diabetic nephropathy 250 (15.13) 225 (90.00) 111 (44.40)

Polycystic kidney disease 47 (2.85) 42 (89.36) 25 (53.19)

Others 105 (6.36) 96 (91.43) 58 (55.24)

Unknown reason 796 (48.18) 702 (88.19) 386 (48.49)

χ2 3.489 12.304

P 0.625 0.031

Hb, hemoglobin; MHD, maintenance hemodialysis.
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Table 2 Comparison of general data and clinical data between ESRD patients with Hb compliance group and Hb non-compliance group [n (%), (x 
± s)]

Items n Hb standard group (n=764) Hb substandard group (n=888) χ2/t/Z P

Sex (%)

Male 1,027 495 (48.20) 532 (51.80) 4.159 0.041*

Female 625 269 (43.04) 356 (56.96)

Age (years) 57.27±13.24 57.99±13.46 −1.011 0.312

Nationality (%)

Han nationality 1,560 720 (46.15) 840 (53.85) 0.098 0.755

Others 92 44 (47.83) 48 (52.17)

Marital status (%)

Married 1,431 673 (47.03) 758 (52.97) 3.787 0.285

Unmarried 123 54 (43.90) 69 (56.10)

Divorced 44 18 (40.91) 26 (59.09)

Widowed 54 19 (35.20) 35 (64.80)

Education status (%)

Junior high school and below 763 355 (46.53) 408 (53.47) 0.095 0.954

High school and secondary school 455 211 (46.37) 244 (53.63)

College and above 434 198 (45.62) 236 (54.38)

Profession (%)

On-the-job 864 419 (48.50) 445 (51.50) 4.096 0.129

Leave (retire) 636 282 (44.34) 354 (55.66)

Unemployed 152 63 (41.45) 89 (58.55)

Annual household income 10,000 yuan (%)

<0.3 123 48 (39.02) 75 (60.98) 5.082 0.166

0.3≤ income <8 1,109 523 (47.16) 586 (52.84)

8≤ income <15 333 147 (44.14) 186 (55.86)

≥15 87 46 (52.87) 41 (47.13)

Types of medical payments (%)

Resident medical insurance 207 87 (42.03) 120 (57.97) 2.951 0.399

Employee medical insurance 1,354 636 (46.97) 718 (53.03)

Other medical insurance 65 27 (41.54) 38 (58.46)

At own expense 26 14 (53.85) 12 (46.15)

Hospitalization in the past 3 months (%)

Yes 401 177 (44.14) 224 (55.86) 0.946 0.331

No 1,251 587 (46.92) 664 (53.08)

Table 2 (continued)
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Table 2 (continued)

Items n Hb standard group (n=764) Hb substandard group (n=888) χ2/t/Z P

Smoking history (%)

Yes 287 143 (49.83) 144 (50.17) 1.838 0.399

No 1,069 488 (45.65) 581 (54.35)

Quit 296 133 (44.93) 163 (55.07)

Blood pressure (mmHg)

Systolic blood pressure 148.11±20.24 149.77±20.03 1.421 0.156

Diastolic blood pressure 84.57±11.21 83.47±10.93 −1.698 0.090

BMI (kg/m2) 22.58 (20.28, 25.26) 23.14 (20.59, 25.43) −1.431 0.152

Dialysis age (months) 35.40 (14.16, 74.90) 38.46 (17.22, 81.51) −1.507 0.132

Dialysis access (%)

Arteriovenous fistula 1,540 730 (47.40) 810 (52.60) 12.203 0.000*

Central venous catheter 112 34 (30.36) 78 (69.64)

Frequency of hemodialysis (%)

2 times/week 155 62 (40.00) 93 (60.00) 13.024 0.001*

3 times/week 1,104 545 (49.37) 559 (50.63)

5 times/2 weeks 393 157 (39.95) 236 (60.05)

Frequency of hemofiltration (%)

No 1,054 490 (46.49) 564 (53.51) 0.590 0.964

1 time/week 45 22 (48.89) 23 (51.11)

1 time/2 weeks 90 43 (47.78) 47 (52.22)

1 time/month 208 92 (44.23) 116 (55.77)

Less than 1 time/month 255 117 (45.88) 138 (54.12)

Complication (%)

Unknown

Yes 1,208 562 (46.52) 646 (53.48) 0.138 0.710

No 444 202 (45.50) 242 (54.50)

Cerebrovascular disease

Have 74 36 (48.64) 38 (51.36) 0.356 0.551

None 370 166 (44.86) 204 (55.14)

Cardiovascular disease

Have 170 72 (42.35) 98 (57.65) 1.097 0.295

None 274 130 (47.45) 144 (52.55)

Renal bone disease

Have 180 84 (46.67) 96 (55.33) 0.167 0.628

None 264 118 (47.97) 146 (55.30)

Table 2 (continued)
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Table 2 (continued)

Items n Hb standard group (n=764) Hb substandard group (n=888) χ2/t/Z P

Water and electrolyte disturbances and 
acid-base imbalances

Have 178 87 (48.88) 91 (51.12) 0.479 0.489

None 265 117 (44.15) 148 (55.85)

Infection

Have 28 7 (47.18) 21 (52.82) 5.062 0.024*

None 416 195 (46.88) 221 (53.13)

Others

Have 9 5 (55.56) 4 (44.44) 0.738

None 435 197 (45.29) 238 (54.71)

Compared with the Hb standard group and the Hb substandard group. *, P<0.05. Hb, hemoglobin; BMI, body mass index. 

Discussion

Various subgroups of CKD patients may be complicated 
with renal anemia, including ESRD patients, patients 
with cardiovascular and cerebrovascular diseases, and 
patients undergoing MHD treatment. One study has 
shown that the prevalence of anemia increases with the 
severity of CKD (7), ESRD patients are a high-risk 
group of renal anemia, and it is of practical significance 
to evaluate the impact of anemia in ESRD patients. The 
influencing factors of renal anemia are complex, and its 
mechanism is mainly related to the decrease of EPO level 
and the impairment of iron homeostasis caused by renal 
dysfunction caused by the primary disease (8). At present, 
the clinical treatment of renal anemia in ESRD patients 
is mainly based on EPO, iron supplementation, blood 
transfusion, and so on. Even if EPO and iron supplements 
are used on a large scale, there are still a considerable 
number of patients with low Hb, and they remain in a 
state of Hb substandard. This suggests that there may be 
other factors affecting the Hb level in ESRD patients. The 
purpose of this study was to investigate the current status 
of anemia and Hb compliance in ESRD patients treated 
with MHD, analyze the factors affecting the Hb level of 
patients, and provide epidemiological data reference for 
promoting the recognition of renal anemia and improving 
the treatment effect of renal anemia.

The results of this study showed that the prevalence of 
anemia in ESRD patients treated with MHD in Liaoning 
was 89.29%. Although most of the patients had received 
anemia treatment, the Hb compliance rate was only 
46.25%. In recent years, different researchers have reported 

the related situation of renal anemia. From 2015 to 2017, 
the Hb compliance rate of MHD patients in Shanghai 
was 47.78% (9). A survey in Taiwan showed that the 
prevalence of anemia in non-dialysis patients with ESRD 
was 90.2% (10), which was slightly higher than in this 
study. Researchers such as Sofue et al. (11) have reported a 
prevalence of anemia in ESRD patients in Japan of 60.3%, 
which is far lower than the prevalence of anemia in this 
study. However, since some non-MHD patients were also 
included in this study, it is necessary to consider whether 
dialysis treatment should be performed. The reason for the 
difference between different studies is that dialysis treatment 
may be an important factor affecting the prevalence of 
anemia in ESRD patients. This study also found that 
there was a statistically significant difference in the Hb 
compliance rate of ESRD patients with different primary 
diseases, and the Hb non-compliance rate was the highest in 
ESRD patients with hypertension. Animal experiments have 
revealed that Hb and HCT in CKD rats were significantly 
negatively correlated with their blood pressure; the 
author asserted that EPO deficiency was related to blood  
pressure (12). Research by Kurniawan et al. (13) highlighted 
that in patients with CKD stage 3–5, diastolic blood pressure 
is an independent risk factor for the occurrence of anemia. 
In the multivariate results of this study, blood pressure was 
not an influencing factor for ESRD patients to reach the Hb 
standard, and there was no significant difference in blood 
pressure between the Hb standard group and the non-
reach group. This difference may be related to the different 
grouping standards and included populations of each study. 
In the logistic regression analysis affecting the Hb standard 
of ESRD patients, the data of this study showed that PTH 
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Table 3 Relationship between different biochemical indexes and Hb compliance

Biochemical indicators Hb standard group (n=764) Hb substandard group (n=888) t/Z P

RBC (10^12/L) 3.95±0.43 3.24±0.47 −31.464 <0.001*

HCT (%) 36.85±2.91 30.08±3.65 −41.659 <0.001*

MCV (fL) 93.36±5.95 92.97±6.60 −1.25 0.211

MCHC (g/L) 326.24±13.49 321.52±14.22 −6.811 <0.001*

MCH (pg) 30.40±2.14 29.87±2.38 −4.687 <0.001*

WBC (10^9/L) 6.28 (5.14, 7.71) 6.10 (5.01, 7.59) −0.174 0.862

PLT (10^9/L) 180.50 (145.25, 216.00) 179.00 (138.00, 227.00) −0.145 0.885

ALB (g/L) 39.61±3.56 38.67±4.50 −3.457 0.001*

TP (g/L) 67.58±10.15 65.81±8.03 −2.082 0.038*

PA (mg/dL) 35.14±12.61 31.83±10.98 −0.665 0.098

ALP (U/L) 76.18 (64.00, 99.00) 83.95 (65.00, 100.00) −1.085 0.278

BUN (mmol/L) 25.33±7.06 24.78±7.31 −1.416 0.157

Cr (μmol/L) 1074.39±332.3 1023.45±307.92 −2.972 0.003*

GLU (mmol/L) 6.09 (5.00, 8.19) 5.99 (4.86, 7.82) 0.717 0.473

TC (mmol/L) 4.05 (3.29, 4.97) 3.91 (3.23, 4.50) 1.327 0.185

TG (mmol/L) 1.68 (1.18, 2.56) 1.435 (0.98, 2.51) 1.375 0.083

HDL-C (mmol/L) 0.96 (0.79, 1.19) 0.89 (0.79, 1.08) 1.487 0.137

LDL-C (mmol/L) 2.24 (1.69, 3.01) 2.285 (1.75, 2.90) 0.399 0.690

UA (μmol/L) 449.00 (372.00, 511.05) 437.00 (365.00, 514.00) 0.831 0.406

HCO3- (mmol/L) 22.95±3.76 22.46±3.81 −1.594 0.111

Ca (mmol/L) 2.19±0.28 2.15±0.30 −2.802 0.005*

P (mmol/L) 1.92±0.62 1.88±0.66 −1.216 0.224

K (mmol/L) 4.87±0.86 4.74±0.90 −2.517 0.012*

Fer (μg/L) 148.4 (47.95, 359.54) 193.40 (68.055, 411.1) −2.786 0.005*

TRF (mg/dL) 198.00 (149.00, 234.00) 188.00 (154.00, 206.50) −1.283 0.203

SI (μmol/L) 11.26±5.78 9.75±5.18 −4.644 <0.001*

TSAT (%) 23.00 (18.86, 29.82) 20.81 (14.96, 27.13) −3.426 0.001*

PTH (pmol/L) 32.83 (15.26, 63.57) 35.15 (18.12, 66.45) −1.797 0.072

Data are presented as mean ± standard deviation or median (range). Compared with the Hb standard group and the Hb non-standard 
group, *, P<0.05. Hb, hemoglobin; RBC, red blood cell; HCT, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular 
hemoglobin concentration; MCH, mean corpuscular content; WBC, white blood cell; PLT, platelet; ALB, albumin; TP, total protein; PA, 
prealbumin; ALP, alkaline phosphatase; BUN, blood urea nitrogen; Cr, creatinine; GLU, glucose; TC, total cholesterol; TG, triglycerides; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, uric acid; HCO3, bicarbonate; Ca, calcium; P, 
phosphate; K, potassium; Fer, ferritin; TRF, serum transferrin; SI, serum iron; TSAT, transferrin saturation; PTH, parathyroid hormone.

was an independent risk factor affecting the Hb failure of 
ESRD patients, and dialysis frequency, ALB, TP, Cr, and SI 
were protective factors affecting ESRD patients’ Hb failure 

to meet the standard. Moreover, correlation analysis also 
showed that ALB, TP, Cr, and SI were positively correlated 
with Hb. Among the protective factors, the lowest odds 
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ratio (OR) value of dialysis frequency was 0.726 times that 
of those who received 3 times/week of dialysis/week than 
those who received 2 times/week of dialysis. In addition to 
insufficient EPO secretion, the shortening of RBC life span 
caused by uremic toxins and inflammatory factors is also 
an important pathological mechanism of renal anemia (14). 
Regular dialysis 3 times a week can better remove toxins, 
some inflammatory factors, and other harmful substances 
in ESRD patients. It can improve the living environment of 
RBCs and reduce negative impacts on the lifespan of RBCs, 
so it is beneficial to reduce the risk of renal anemia. Iron 
and EPO are important raw materials for RBC production, 
and patients with CKD may develop both functional and 
absolute iron deficiency (15). The SI has a good diagnostic 
value for the iron-deficiency erythropoiesis and iron-

deficiency anemia stages of iron-deficiency anemia. When 
iron-deficient RBCs appear, the absorption of iron by small 
intestinal cells increases, and the level of transferrin in the 
body rises and accelerates. Iron is transported into cells, 
promoting the increase of EPO and the decrease of SI 
(15,16). Therefore, lower SI levels were associated with the 
risk of Hb non-attainment. In addition, the results of this 
study also showed that there is no correlation between Fer 
and Hb levels. One study has shown that compared with 
patients without malnutrition, patients with malnutrition 
have higher levels of inflammatory markers, including 
Fer and C-reactive protein (CRP) [(301.2±127.1 vs. 
212.7±124.9 mg/dL, P<0.05); 63% vs. 33%, P<0.05] (17).  
An inflammatory state affects the development of renal 
anemia, CKD represents an enhanced inflammatory 
status with high cytokine activity, which can inhibit the 
generation of erythroid progenitor cells, leading to reduced 
responsiveness to erythropoiesis-stimulating agents (ESA) 
and poor treatment outcomes (18). Iron-deficiency anemia 
in ESRD patients is mostly the result of progressive 
iron storage depletion, and some patients receive iron 
supplementation therapy. Patients may present at any 
stage of the chronic progression of iron-deficiency anemia. 
Therefore, Fer and TSAT in some patients may be lower or 
may be normal. The study by Yu et al. (16) also pointed out 
that CKD patients with normal TSAT but low SI content 
are still at risk of anemia. The incidence of malnutrition in 
HD is 23–73%. Malnutrition can reduce renal glomerular 
filtration rate (GFR) and renal blood flow, further reduce 
residual renal function, and aggravate renal anemia (19). 
Nutritional indicators include serum biochemical indicators, 
body mass, muscle mass, and protein energy intake. In the 
logistic regression analysis of this paper, Cr was a protective 

Table 4 Logistic regression analysis of the influence of ESRD hemodialysis patients not reaching the Hb standard

Variables B Standard error Wald χ2 P OR
95% CI

Upper Lower

ALB (g/L) −0.042 0.016 6.599 0.010 0.959 0.929 0.990

TP (g/L) −0.018 0.007 6.177 0.013 0.982 0.968 0.996

SI (μmol/L) −0.040 0.011 13.268 <0.001 0.961 0.940 0.982

PTH (pmol/L) 0.001 0.001 4.062 0.044 1.001 1.000 1.002

Dialysis frequency −0.321 0.097 10.953 0.001 0.726 0.601 0.878

Cr (μmol/L) −0.042 0.016 6.599 0.013 0.959 0.929 0.999

ESRD, end-stage renal disease; Hb, hemoglobin; OR, odds ratio; CI, confidence interval; ALB, albumin; TP, total protein; SI, serum iron; 
PTH, parathyroid hormone; Cr, creatinine. 

Table 5 Correlation analysis between laboratory indicators and Hb

Variables r P

ALB (g/L) 0.177 <0.001*

TP (g/L) 0.162 0.001*

Cr (μmol/L) 0.113 <0.001*

Ca (mmol/L) 0.102 <0.001*

K (mmol/L) 0.088 0.001*

Fer (μg/L) −0.052 0.068

SI (μmol/L) 0.176 <0.001*

TSAT (%) 0.195 <0.001*

Compared with the Hb standard group and the Hb non-standard 
group, *, P<0.05. Hb, hemoglobin; ALB, albumin; TP, total 
protein; Cr, creatinine; Ca, calcium; K, potassium; Fer, ferritin; 
SI, serum iron; TSAT, transferrin saturation.
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factor for Hb reaching the standard. Cr is a metabolite 
of creatine, and under normal daily protein intake, the 
production of Cr is relatively stable. The Cr concentration 
can be used as a nutritional index to reflect the muscle 
content of patients, and low Cr reflects low muscle content 
and protein energy consumption. Changes in ALB levels 
are related to nutritional status and inflammatory status 
(20,21). Another Study has shown that low ALB levels 
significantly increase the risk of inflammatory status, and 
ALB levels are closely related to renal function in CKD 
patients (22). The results of this study found that ALB 
was a protective factor for Hb failure to reach the target. 
People with low ALB levels have a poorer nutritional 
status, which also affects the efficacy of dialysis treatment 
and has a higher risk of anemia in renal function in ESRD 
patients, which indirectly affects RBC production and 
lifespan. Therefore, in clinical treatment of renal anemia, 
it is necessary to pay attention to the nutritional status of 
patients, and anemia can be improved by ensuring protein, 
calorie intake, and improving micro-inflammation. In 
this study, PTH was the only independent risk factor for 
Hb failure. High levels of PTH can directly inhibit the 
production of RBCs, increase their destruction and shorten 
their lifespan, factors which are involved in the occurrence 
and development of renal anemia, and also lead to poor 
response to recombinant human EPO therapy (23).  
There are also clinical studies showing that PTH can 
indirectly aggravate anemia by affecting serum leptin 
levels (24).

Conclusions

ESRD patients treated with MHD in Liaoning Province 
generally have low Hb levels, higher rates of anemia, and 
Hb failure to reach the standard. In clinical treatment of 
renal anemia, the frequency of dialysis per week should be 
increased when the patient’s time and economic conditions 
permit due to concerns about the patient’s nutritional status, 
quality of life, and control of the patient’s inflammatory 
status. Anti-cytokine and antioxidant therapeutic strategies 
that are beneficial to improve anemia in patients may be the 
future of pharmacological interventions aimed at treating 
inflammation-related ESA hyporesponsiveness.

Limitation

Some missing data in the questionnaire may have caused 
bias.
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