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Abstract
Objective  This study aims to investigate the impact of hypoxia-inducing factor prolyl hydroxylase inhibitor (HIF-PHI), 
specifically Roxadustat, on blood pressure variability, blood pressure indices, hemoglobin, and other biochemical 
markers in maintenance hemodialysis (MHD) patients.

Methods  In this retrospective, self-controlled study, regular hemodialysis and consistent use of Roxadustat for at 
least six months were conducted at the Hemodialysis Unit of the First Affiliated Hospital of Nanchang University 
between June 2019 and November 2022. The study involved MHD patients who had been using erythropoiesis-
stimulating agents (ESAs) for at least six months prior to transitioning to Roxadustat. Blood pressure, routine blood 
data, biochemical parameters, and clinical data were collected before, during, and after dialysis over a 12-month 
period. Statistical comparisons were made of systolic blood pressure (SBP), diastolic blood pressure (DBP), mean 
arterial pressure (MAP), and true variability in SBP (SBP-ARV), DBP (DBP-ARV), and MAP (MAP-ARV) in the patients 
before and after the transition to Roxadustat. Hemoglobin levels and daily antihypertensive drug dosage (DDD) were 
also analyzed.

Results  A total of 54 MHD patients (32 males and 22 females) were included in the study. Primary diagnoses included 
chronic nephritis, hypertensive nephropathy, diabetic nephropathy, obstructive nephropathy, polycystic kidney 
disease, nephrotic syndrome, scleroderma-related kidney injury, and cases of unknown etiology. Repeated measures 
variance analysis indicated that blood pressure fluctuations during Roxadustat treatment were significantly smaller 
than during ESA treatment. Statistically significant differences were observed in SBP, DBP, and MAP before and after 
dialysis (P-values: 0.046, < 0.001, 0.028, and 0.014, respectively). Paired t-tests revealed a significant reduction in SBP-
ARV and MAP-ARV before and during dialysis in the Roxadustat group (P = 0.0018, 0.008, and 0.006). Hemoglobin, 
erythrocyte count, and serum calcium were significantly higher in the Roxadustat group compared to ESA treatment 
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Introduction
Chronic kidney disease (CKD) remains a significant 
global public health concern. As the disease progresses, 
the number of individuals developing end-stage renal 
disease (ESRD) is rising, increasing the demand for renal 
replacement therapy (RRT). In 2019, the World Health 
Organization (WHO) reported that CKD accounted for 
55.4  million deaths, constituting 2.35% of total global 
deaths. CKD has thus become one of the top ten causes 
of death worldwide, now regarded as an “epidemic” dis-
ease [1]. With more patients requiring RRT, three major 
options are available: hemodialysis, peritoneal dialysis, 
and renal transplantation. In China, more than half of 
ESRD patients undergo long-term hemodialysis (HD) 
to extend survival [2]. Despite advances in HD technol-
ogy, complications such as anemia, renal bone disease, 
secondary hyperparathyroidism, and cardiovascular dis-
ease (CVD) remain common, and the quality of life and 
survival rates of patients have yet to meet expected stan-
dards [3, 4].

Renal anemia is one of the most frequent complications 
in maintenance hemodialysis (MHD) patients, with an 
incidence of 98.24% in those reaching ESRD, significantly 
higher than in the general population [5]. Patients with 
renal anemia are at increased risk of CVD, infections, 
hospitalization, and mortality [6]. Causes of anemia in 
MHD include erythropoietin (EPO) deficiency, iron defi-
ciency (absolute and functional), EPO resistance, bone 
marrow suppression, shortened red blood cell lifespan, 
and malnutrition, with decreased endogenous EPO syn-
thesis being the primary cause [7–9]. Symptoms of renal 
anemia, such as fatigue, pallor, and dyspnea, can worsen 
CKD progression and elevate the risk of death from CVD 
[10–13]. Therefore, proper management of renal anemia 
is crucial.

Traditional treatment for renal anemia includes erythro-
poiesis-stimulating agents (ESAs), iron supplements, folic 
acid, and blood transfusions [14, 15]. While these treat-
ments have improved patient outcomes, studies show a sig-
nificant proportion of patients exhibit a poor response to 
ESA, increasing risks of cardiovascular events and mortal-
ity [16–18]. Additionally, ESA use has been associated with 
blood pressure increases in about a third of treated patients, 
limiting its clinical effectiveness [19].

A new treatment option, Roxadustat, a hypoxia-inducible 
factor prolyl hydroxylase inhibitor (HIF-PHI), was approved 
in China in 2018 and has shown efficacy comparable to ESA 
in increasing hemoglobin levels. Roxadustat offers addi-
tional benefits, such as lowering LDL cholesterol, reducing 
intravenous iron use, and exhibiting fewer side effects [20, 
21]. However, the impact of Roxadustat on blood pressure 
remains under investigation, with some studies suggesting 
that HIF-PHI may influence vasomotor genes, potentially 
affecting blood pressure [22–25].

Bloodtk 2 pressure variability (BPV) is increasingly 
recognized as an important predictor of cardiovascu-
lar outcomes in MHD patients [26–29]. Long-term and 
short-term BPV have been associated with increased 
mortality and cardiovascular events in MHD patients 
[30–32]. Mean true variability (ARV) is considered a 
more reliable indicator of BPV in predicting cardiovas-
cular risks [33]. This study aims to evaluate the effects of 
Roxadustat on BPV, hemoglobin, and other biochemical 
parameters in MHD patients, providing insights into the 
management of complications in CKD patients [34–38].

Patients and methods
Subjects
Patients who had maintained hemodialysis for more than 
3 months in the hemodialysis room of the First Affiliated 
Hospital of Nanchang University from June 2019 to Novem-
ber 2022 were selected. Those who met the inclusion crite-
ria and had detailed data records were selected as the study 
subjects. Patients with Hb < 110  g/L after ESA treatment 
were switched to roxadustat treatment. The dialysis blood 
pressure, blood routine, biochemical data and clinical data 
were recorded before and after roxadustat treatment for 6 
months.

Inclusion criteria

1)	 Ages 18 to 80 years.
2)	 Use roxadustat for ≥ 6 months;
3)	 ESA treatment duration ≥ 6 months before 

roxadustat treatment.
4)	 Maintenance hemodialysis for ≥ 3 months.

(P = 0.013, 0.012, and 0.003, respectively). In the high SBP variability group, a higher proportion of males, increased 
hospitalization rates, older age, and a higher prevalence of diabetes were observed.

Conclusion  MHD patients treated with Roxadustat experienced fewer fluctuations in blood pressure compared 
to those treated with rHuEPO, and Roxadustat was more effective at increasing hemoglobin levels without 
compromising efficacy relative to ESAs.

Clinical trial number  Not applicable

Keywords  Maintenance hemodialysis, Blood pressure variability, Roxadustat, Erythropoiesis-stimulating agent
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Exclusion criteria

1)	 Acute cardio-cerebrovascular complications such as 
acute myocardial infarction and acute heart failure.

2)	 Blood system diseases, tumors, acute inflammation 
and other kidney disease causes of anemia.

1)	 During the 3) into the group taking hormones, such 
as non-steroidal drugs affects blood pressure drugs.

Withdrawal criteria

1)	 To replace dialysis centers or death.
2)	 Conversion to peritoneal dialysis or renal 

transplantation.

Study design
Methods of treatment
Patients were administered ESA either as 3000 IU three 
times a week or as a single dose of 10,000 IU once a week. 
Anemia can be corrected after one week of oral Roxa 
treatment by adjusting the drug dosage based on the 
patient’s weight. For MHD patients weighing less than 
60 kg, the initial drug dose is 70 mg three times a week. 
For patients weighing 60 kg or more, the initial drug dose 
is 120  mg three times a week. The medication regimen 
can be adjusted during treatment as deemed appropriate 
by the healthcare provider.

Hemodialysis treatment

1)	 The dialysis frequency, mode and dialysis-related 
data of 54 MHD patients in the hemodialysis room of 
the First Affiliated Hospital of Nanchang University 
were as follows:

2)	 The frequency of hemodialysis was 2–3 times a week, 
and the dialysis time was 4 h each time.

3)	 Dialysis-related equipment: Blood dialysis machine 
(Fresenius Medical Supplies Shares and joint 
ventures): The model of the dialyzer is Fresenius 
4008 S, and the dialyzer model is Hemoflow 
F6HPS, with a membrane area of 1.3m2; Dialysate 
components (Jiangxi Sanxin Medical Technology 
Co., LTD.): Calcium (Ca2+) 1.5mmol/L, sodium 
(Na+) 137mmol/L/L,  kalium (K+) 2mmol/L/L, 
magnesium (Mg2+)0.5mmol/L, bicarbonate radical 
(HCO3−) 31mmol/L, chlorine (Cl−) 108mmol/ L, 
dialysate temperature 36℃.

4)	 Dialysis dehydration volume: the dehydration volume 
of each dialysis was the body weight before each 
dialysis minus the dry weight. The dry weight was 
evaluated by clinical professional doctors in our 
hospital. According to the ideal body weight when 
the patient felt dry and had no water retention and 

no water shortage, the dehydration volume of each 
dialysis was dynamically adjusted.

5)	 dialysis solution: In MHD patients included in the 
study, autologous static internal fistula or long-term 
central venous catheterization was used as vascular 
access; Dialysis modes included hemodialysis (HD), 
hemodiafiltration (HDF), hemodialysis + perfusion 
(HD + HP). Blood flow was set to 200 ml to 300 ml/
min; During the dialysis process, ordinary heparin 
or low molecular weight heparin was used for 
anticoagulation, and patients with bleeding tendency 
were given heparin saline to circulate in the dialysis 
line.

Blood pressure measurement
(1) MHD patients had regular dialysis 2–3 times a week. 
Before each dialysis, they took antihypertensive drugs 
normally on the day, were in a stable mood, did not drink 
coffee, strong tea or strenuous exercise, and sat down 
before the machine after 30 min of rest. The professional 
nurses in the Hemodialysis Center of the First Affiliated 
Hospital of Nanchang University used the appropriate 
cuff size to place the two fingers above the horizontal line 
of the elbow of the non-arteriovenous fistula side accord-
ing to the standard procedures, and the stethoscope 
was placed at the pulse to measure. The position of the 
blood pressure monitor and the cuff was kept at the level 
of the heart position. (If the blood pressure is not con-
sistent with the patient’s usual blood pressure, it should 
be measured again after 5 min of rest, or replaced with 
an electronic sphygmomanometer). Blood pressure was 
measured at 1 h, 2 h, 3 h, and 4 h during dialysis, after the 
completion of dialysis, and after washing the extracorpo-
real circuit after dialysis. Each blood pressure measure-
ment included systolic blood pressure (SBP) and diastolic 
blood pressure (DBP). Before and after dialysis, mean 
arterial pressure (mean artery pressure, MAP) = DBP + 
(SBP-DBP) / 3.

(2) The index of blood pressure variability(BPV) was 
calculated using ARV formula:

	
ARV = 1∑

w

∑
n−1
k−1w × |BP K+1 − BP K |

k is a measure of the order, the range of 1 to N-1, and w 
is the time interval between the BPk and BPk−1. N is the 
number of blood pressure readings.

Methods for calculating the dose of antihypertensive 
drugs
The World Health Organization recommends medica-
tion daily dose (DDD) (​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​o​​c​​c​.​​​n​o​/​​a​​t​​c​_​​d​d​d​
_​i​n​d​e​x​/) to calculate the daily antihypertensive drug ​d​o​s​
a​g​e​, drugs DDD is a major indication for adults assume 

https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
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that the average maintenance dose every day is a fixed 
unit of measurement, It is not affected by price, currency, 
package size and strength. By searching the correspond-
ing dose of antihypertensive drugs at DDD 1, the DDD 
of each antihypertensive drug = the actual daily dosage of 
the drug/the corresponding dose when the DDD of the 
drug was 1, and the daily DDD value of antihypertensive 
drugs was equal to the sum of the DDDS of the antihy-
pertensive drugs taken.

Clinical and demographic information: age, sex, num-
ber of hospitalizations, antihypertensive medication, sys-
tolic and diastolic blood pressure data before,  during and 
after dialysis.

Laboratory data during drug use included white blood 
cells, red blood cells, hemoglobin, platelet, C-reactive 
protein, alanine aminotransferase, aspartate aminotrans-
ferase, serum albumin, serum creatinine, blood urea, 
serum uric acid, total cholesterol, triglyceride, low-den-
sity lipoprotein, high-density lipoprotein, serum potas-
sium, serum sodium, serum calcium, serum phosphorus, 
etc.

Indicators of observation
The primary observation indexes are the rate of blood 
pressure variability, changes and trends in blood pressure 
during roxadustat treatment and ESA treatment.

Secondary observation indexes are the Hb level 
changes and other biochemical indexes before and after 
the change in medication.

The technology roadmap

Rosallistat side effects statistics
To calculate the adverse reactions caused by roxallistat, 
we counted the occurrence and severity of adverse reac-
tions during the administration, and the patients with 
each adverse reaction (hypotension, hyperkalemia, Gas-
trointestinal reaction, Dizziness and headache, anaphy-
laxis, thrombosis, Total incidence). The total incidence of 
adverse reactions was compared between the two groups.

Statistical methods
The data were analyzed by spss26.0 statistical soft-
ware. The measurement data with normal distribution 
were expressed by mean ± standard deviation, and the 
measurement data with non-normal distribution were 
described by median (M) and quartile (P25, P75), and 
the non-parametric test was used for comparison. A 
paired t-test (normal distribution) or Wilcoxon signed 
rank test (non-normal distribution) was used to com-
pare the biochemical indicators and drug scores before 
and after roxadustat treatment. Frequency (n) and per-
centage (%) were used to describe the count data. Blood 
pressure was analyzed using repeated measures analysis 
to compare the blood pressure before and after the use 
of Rosa. A paired sample t-test was used to assess the 
changes in blood pressure. Patients were categorized into 
two groups based on the median average systolic blood 
pressure ARV during hemodialysis under roxadustat 
treatment. Independent sample T-test was used to com-
pare the age and laboratory test data of patients in dif-
ferent groups, and P < 0.05 was considered statistically 
significant.

Results
Included subjects
This study collected data of 205 patients after screening 
the eventually included 54 patients with MHD, during 
the study period, a total of 6480 times hemodialysis treat-
ment (Fig.  1). Among 54 patients, there were 32 males 
and 22 females, with an average age of 56.7 ± 13.1 years. 
The frequency of dialysis was 2 times/week account-
ing for 22.22%, 3 times/week accounted for 77.78%, and 
the prevalence of hypertension was 57.4% (31 cases). 
Primary diseases: 1, 15 cases of chronic nephritis syn-
drome (27.78%), 2, 8 cases of hypertensive nephropathy 
(14.81%), 3, 19 cases of diabetic nephropathy (35.18%), 4, 
2 cases of obstructive nephropathy (3.70%), 5, 6 cases of 
polycystic kidney disease (11.11%), 6, 2 cases of nephrotic 
syndrome (3.70%). 7, scleroderma renal injury in 1 case 
(1.86%), 8, unknown etiology in 1 case (1.86%). See Fig. 1 
below for details.
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Comparison of medication scores before and after 
switching to roxadustat
To compare the average daily antihypertensive drug use 
before and 6 months after roxadustat treatment in MHD 
patients (Table  1). Blood pressure medication doses, 
according to the World Health Organization recom-
mended limit drug dose calculation of antihypertensive 
drugs, according to the instruction to recommend rou-
tine dose and daily use. The antihypertensive drug’s daily 
DDD value is equal to the addition of antihypertensive 
drugs by DDD combined. 54 patients with dialysis anti-
hypertensive drugs including calcium channel blockers, 
(CCB), angiotensin-converting enzyme inhibitors (angio-
tensin-converting enzyme inhibitor (ACEI), angiotensin 
II receptor blocker (ARB), β receptor blocker, α recep-
tor blocker, a diuretic, neprilysin inhibitor, etc., before 
and after medication scores comparison, The difference 
was not statistically significant (P > 0.05). All experiments 
were repeated at least three times, and the average was 
selected as the observed data.

Comparison of blood pressure during roxadustat 
treatment and ESA treatment before roxadustat treatment
Repeated measures analysis of variance was used to 
determine the effect of roxadustat on blood pressure 
changes before, during and after dialysis in MHD patients 
(Fig.  2). When using ESA drugs, with time, before the 
dialysis patients with SBP, DBP, and MAP, dialysis in SBP 

Table 1  Results of paired t-test analysis of drug scores during 
ESA use and roxadustat use
Name Paired (mean ± SD) t p

ESA (n = 54) Roxadustat 
(n = 54)

Antihyperten-
sive medication 
integral

1.85 ± 1.42 1.92 ± 1.60 -0.546 0.587

* p < 0.05 ** p < 0.01. All experiments were repeated at least three times, and the 
average was selected as the observed data

Fig. 2  The mean blood pressure after comparing patients before each month Note: T1: The sixth months before switching to roxadustat, T2: The third 
months before switching to roxadustat, T3: The first months before switching to roxadustat, T4: Switch to roxadustat for the first month, T5: Switch to 
roxadustat for the third month, T6: Switch to roxadustat for the sixth month All experiments were repeated at least three times, and the average was 
selected as the observed data

 

Fig. 1  Distribution of major disease types
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and SBP after dialysis MAP and high blood pressure are 
rising trend, ESA can lead to a rise in blood pressure. 
After the use of roxadustat in MHD patients, the SBP 
before dialysis, DBP, MAP, SBP during dialysis, and SBP 
after dialysis, under the premise of no significant dif-
ference in antihypertensive drugs, blood pressure has a 
downward trend. Before dialysis SBP and SBP, DBP, and 
MAP during dialysis in the treatment group before and 
after comparison with significant differences statistically 
(P < 0.05) were 0.046, < 0.001, 0.028, 0.014. After compar-
ing the two analysis results (Table  2): SBP before dialy-
sis before using Rosa department of his 3 months than in 
the use of Rosa company 6 months after he was 7.01 (95% 
CI: 0.1690, 12.7175), statistically significant difference 
(P < 0.05); The mean SBP during dialysis was 6.22 (95%CI: 
0.5345, 11.9178) and 6.60 (95%CI: 0.9130, 12.2963) higher 
in the 2nd and 3rd month before roxadustat treatment 
than in the 6th month after roxadustat treatment, and the 
difference was statistically significant (P < 0.05). In other 

patients with blood pressure there was no statistically 
significant difference at various time points (P > 0.05).

Comparison of blood pressure variability before and after 
changing to roxadustat
MHD patients hemodialysis blood pressure data each 
month for the first time a week in replacement of Rosa 
company he continuous measurement before and after 
6 months calculation MHD patients during taking real 
blood pressure variability. Paired T-test was used to 
compare the true variability of blood pressure in MHD 
patients at 6 months before and after roxadustat treat-
ment. SBP-ARV, DBP-ARV, MAP-ARV before dialysis, 
SBP-ARV, DBP-ARV, MAP-ARV during dialysis, and 
SBP-ARV, DBP-ARV, MAP-ARV after dialysis were com-
pared (Table 3).

Table 2  Comparison of differences in systolic blood pressure, diastolic blood pressure, and mean arterial pressure among patients 
before, during, and after dialysis at each time point
Index Num-

ber of 
cases

T1(n = 54) T2(n = 54) T3(n = 54) T4(n = 54) T5(n = 54) T6(n = 54) F p

SBP before dialysis 54 143.02 ± 17.47 143.88 ± 15.17 
f

143.28 ± 21.57 141.64 ± 17.09 139.65 ± 15.14 137.60 ± 14.69 
b

2.293 0.046*

DBP before dialysis 54 76.11 ± 9.38 75.67 ± 9.36 76.25 ± 9.20 75.58 ± 8.68 75.34 ± 8.87 75.00 ± 8.08 0.371 0.869
MAP before dialysis 54 98.41 ± 10.48 98.40 ± 9.02 98.60 ± 10.67 97.60 ± 9.35 96.78 ± 9.01 95.87 ± 8.18 1.444 0.209
Mean SBP during dialysis 54 140.44 ± 15.98 141.04 ± 13.86 

f
141.42 ± 17.33 
f

138.71 ± 15.16 136.38 ± 14.41 134.81 ± 13.07 
bc

4.645 0.000**

Mean DBP during dialysis 54 74.25 ± 8.13 73.97 ± 8.23 74.35 ± 7.89 71.71 ± 7.11 73.95 ± 7.21 73.29 ± 6.64 2.553 0.028*
Mean MAP during dialysis 54 96.31 ± 9.61 96.33 ± 8.21 96.71 ± 9.23 94.04 ± 7.94 94.76 ± 8.25 93.80 ± 7.46 2.907 0.014
After dialysis SBP 54 140.59 ± 16.08 141.82 ± 15.68 141.33 ± 16.64 139.42 ± 16.26 139.02 ± 14.66 137.79 ± 13.32 1.501 0.190
After dialysis DBP 54 73.46 ± 8.33 73.18 ± 8.49 72.49 ± 8.11 73.63 ± 7.93 73.97 ± 7.36 71.69 ± 7.02 1.269 0.277
After dialysis MAP 54 95.83 ± 9.83 96.06 ± 8.70 95.43 ± 8.99 95.56 ± 9.28 95.66 ± 8.16 93.73 ± 7.76 1.152 0.333
* p < 0.05 ** p < 0.01, T1: The sixth months before switching to roxadustat, T2: The third months before switching to roxadustat, T3: The first months before switching 
to roxadustat, T4: Switch to roxadustat for the first month, T5: Switch to roxadustat for the third month, T6: Switch to roxadustat for the sixth month. Compared to 
T1, a: P<0.05,A: P<0.001;Compared to T2, b:P<0.05,B: P<0.001; Compared to T3, c:P<0.05,C: P<0.001; Compared to T4, d:P<0.05,D: P<0.001; Compared to T5, e:P<0.05,E: 
P<0.001; Compared to T6, f:P<0.05,F: P<0.001 All experiments were repeated at least three times, and the average was selected as the observed data

Table 3  Comparison of blood pressure variability in patients before and during roxadustat treatment
Variable Group(mean ± standard deviation) t p

1 to 6 months before roxadustat treatment
(n = 54)

Roxadustat was used for 1–6 months(n = 54)

SBP-ARV before dialysis 5.46 ± 5.54 3.41 ± 4.64 2.450 0.018*
DBP-ARV before dialysis 4.71 ± 3.30 3.90 ± 4.09 0.107 0.915
MAP-ARV before dialysis 5.68 ± 4.89 3.76 ± 3.78 2.784 0.008**
SBP-ARV during dialysis 4.67 ± 4.16 3.22 ± 2.52 2.902 0.006**
DBP-ARV during dialysis 3.96 ± 3.78 3.81 ± 3.64 0.648 0.520
MAP-ARV during dialysis 4.49 ± 4.93 3.91 ± 4.11 1.935 0.059
SBP-ARV after dialysis 4.65 ± 6.39 4.45 ± 5.43 1.223 0.227
DBP-ARV after dialysis 3.26 ± 4.55 3.27 ± 3.30 0.748 0.458
MAP-ARV after dialysis 4.15 ± 5.63 3.69 ± 3.26 0.742 0.462
Note: * p < 0.05 ** p < 0.01 All experiments were replicated at least three times, and the average was chosen as the observed data
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The biochemical indexes of patients before and after 
roxadustat treatment were compared
A paired t-test was used to compare the laboratory 
parameters of MHD patients before and after roxadustat 
treatment. The red blood cells, hemoglobin and serum 
calcium were higher, and the difference was statistically 
significant (P < 0.05), while other biochemical data such 
as platelet, reactive protein, alanine aminotransferase, tri-
glyceride, high-density lipoprotein, low-density lipopro-
tein and so on were not statistically significant (Table 4).

Systolic blood pressure high and low blood pressure 
variation group general data and laboratory indexes
The median of SBP-ARV during 6 months of roxadus-
tat use in maintenance hemodialysis patients was 3.018 
as the standard, and they were divided into two groups: 
the high systolic blood pressure variability group and the 
low systolic blood pressure variability group. The number 
of hospitalizations, gender, age, diabetes complications, 
and biochemical data of the two groups were compared. 
The P values of gender, age, diabetes complications, red 
blood cells, haemoglobin and serum calcium were 0.027 
(P < 0.05), 0.004 (P < 0.01), 0.046 (P < 0.05), 0.003 (P < 0.01), 
0.046 (P < 0.05) and 0.003 (P < 0.01), respectively. Our 
data showed that serum iron (SI), serum ferritin (SF), 
total iron binding capacity (TIBC), and transferrin satu-
ration (TSAT) were higher in both groups after rosallistat 
treatment than before treatment (Table 5).

Discussion
Our study was conducted to explore the changes in ane-
mia, blood pressure and its volatility in MHD patients 
who were replaced with Roxadustat by ESA. The results 
showed that blood pressure showed a decreasing trend 
and continued to decrease in MHD patients after switch-
ing to Roxadustat department. In addition, there was a 
reduction in the duration of medication before dialysis 
and in the volatility of blood pressure during dialysis. The 
efficacy of ESA in correcting anemia resulted in higher 
hemoglobin levels. However, no statistically significant 
difference was found in the DDD of antihypertensive 
drugs [39–41].

Relationship between roxadustat and blood pressure
Hypertension serves as the primary adverse effect of 
ESA, with its underlying mechanism being highly intri-
cate. Currently, it is postulated to be associated with 
cardiovascular factors and substances that elevate 
blood pressure. Pulse Wave Velocity (PWV) constitutes 
a means to assess the extent of arterial stiffness, while 
erythropoietin exhibits a linear relationship with PWV 
in individuals suffering from renal anemia. Medications 
containing ESA have the potential to directly induce con-
striction in small resistance vessels, ultimately resulting 
in vascular compression [42]. Furthermore, ESA facili-
tates endothelial cell proliferation and angiogenesis by 
activating erythropoietin receptors present on vascular 
endothelial cells [43]. In MHD patients experiencing a 

Table 4  Comparison of blood laboratory indicators before and after switching to roxadustat
Variable Group(mean ± standard deviation) t/z p

Before roxadustat treatment
N = 54

After the administration of roxadustat
N = 54

leukocyte(10^9/L) 5.75 ± 1.85 5.92 ± 2.26 -0.550 0.585
Red blood cells(10^12/L) 3.09 ± 0.76 3.34 ± 0.67 -2.589 0.013*
hemoglobin(g/L) 87.04 ± 17.44 96.65 ± 24.75 -2.593 0.012*
Blood platelets(10^9/L) 175.33 ± 79.21 160.24 ± 61.65 1.662 0.103
Serum C-reactive protein(mg/L) 7.93 ± 15.77 2.96 ± 2.91 1.493 0.150
Alanine aminotransferase(U/L) 17.30 ± 31.72 15.32 ± 14.81 0.394 0.695
Aspartate aminotransferase(U/L) 19.22 ± 28.82 17.36 ± 9.19 0.442 0.661
Serum albumin(g/L) 37.02 ± 4.80 39.03 ± 4.50 -2.560 0.142
Creatinine(µmmol/L) 888.21 ± 377.84 894.86 ± 380.08 -0.122 0.903
Urea nitrogen(mmol/L) 22.59 ± 9.14 21.99 ± 9.16 0.345 0.731
Uric acid(µmmol/L) 430.31 ± 146.72 433.10 ± 129.28 -0.110 0.913
Blood glucose(mmol/L) 10.22 ± 9.73 7.16 ± 3.18 1.777 0.085
Total cholesterol(mmol/L) 2.86 ± 1.41 2.06 ± 0.55 -0.998 0.125
triglyceride(mmol/L) 2.90 ± 2.02 2.47 ± 1.54 0.916 0.367
High density lipoprotein(mmol/L) 1.10 ± 0.46 1.14 ± 0.46 -0.315 0.755
Low density lipoprotein(mmol/L) 1.84 ± 0.63 1.74 ± 0.71 0.686 0.497
potassium(mmol/l) 4.97 ± 0.82 4.88 ± 0.90 0.573 0.570
sodium(mmol/l) 135.39 ± 19.62 137.87 ± 3.09 -0.869 0.389
calcium(mmol/l) 2.27 ± 0.25 2.27 ± 0.17 -0.233 0.896
phosphorus(mmol/l) 1.84 ± 0.62 2.11 ± 2.00 -0.889 0.378
Note: * p < 0.05 ** p < 0.01 All experiments were replicated at least three times, and the average was chosen as the observed data



Page 8 of 12Yang et al. BMC Nephrology          (2025) 26:267 

sub-inflammatory state, it fosters the development of a 
pathological condition characterized by an abundance of 
smooth muscle cells within blood vessels. This, in turn, 
leads to the contraction of smooth muscle in large arter-
ies, diminishes vascular compliance, and exacerbates 
atherosclerotic lesions [44]. A clinical investigation [45] 
revealed a notable increase in the vasoactive substances 
endothelin and norepinephrine following the administra-
tion of ESA, a finding that was corroborated by animal 
studies [46]. Rats treated with ESA exhibited a signifi-
cantly heightened sensitivity to the vasoactive substances 
endothelin and norepinephrine, ultimately contributing 
to the manifestation of hypertension.

Some research have indicated that peripheral blood 
pressure adjusts following the administration of a drug by 
Rosa, leading to an increase in bodily involvement, and 
a dose-dependent reduction in hypertension among mice 
[47]. This reduction is achieved by lowering the expres-
sion of AGTR1 receptors in aortic tissue and AGTR2 
receptors. The AGTR1 receptor primarily facilitates 
hypertension development due to water and sodium 
retention, whereas the AGTR2 receptor’s activation pro-
motes cell differentiation, growth suppression, and vaso-
dilation. These two receptors function in opposition to 

one another [29]. The HIF family consists of three mem-
bers: HIF1, HIF2, and HIF3. HIF1α enhances systolic, 
diastolic, and mean arterial pressure (MAP) in mouse 
vascular smooth muscle cells (VSMCs). Overexpression 
of HIF2α exacerbates pulmonary hypertension [25]. Hif-
phi can suppress the expression of HIF-regulated genes 
by mediating HIF prolyl hydroxylase domain proteins 
(HIF-PHDs), thereby lowering blood pressure [48, 49]. 
Clinical trials have also verified that mean arterial pres-
sure decreases after the administration of roxadustat [50], 
although the precise mechanism by which roxadustat 
reduces blood pressure requires further investigation. In 
MHD patients, hypertension is a prevalent complication, 
with a prevalence rate ranging from 60 to 90% [51], and 
the leading cause of death is the occurrence of various 
cardiovascular diseases [52]. Blood pressure is an inde-
pendent risk factor for cardiovascular events [53, 54]. It 
is possible that roxadustat has a lesser impact on blood 
pressure than ESA in MHD patients, thereby reducing 
the incidence of cardiovascular disease and consequently 
the mortality rate [55].

Table 5  Comparison of general data and laboratory indicators between high and low blood pressure true variability groups
Variable Low systolic blood pressure 

variation group
(n = 27)

High systolic blood pressure 
variation group
(n = 27)

t/x² p

Number of hospitalizations during roxadustat 
treatment(Number of times)

0.58 ± 0.95 0.93 ± 0.78 2.154 0.148

Male, n(%) 12(44.44%) 20(74.07%) 4.909 0.027*
Age(years) 52.19 ± 9.81 62.19 ± 13.65 9.559 0.004**
diabetes complications, n(%) 6(22.22%) 13(48.15%) 3.979 0.046*
leukocyte(10^9/L) 6.01 ± 2.00 5.84 ± 2.52 0.258 0.797
Red blood cells 10^12/L 3.59 ± 0.62 3.06 ± 0.61 3.093 0.003**
hemoglobin(g/L) 103.15 ± 24.12 89.35 ± 23.85 2.050 0.046*
Blood platelets(10^9/L) 167.68 ± 63.34 153.08 ± 60.35 0.843 0.403
Serum C-reactive protein(mg/L) 7.96 ± 17.37 6.30 ± 6.74 0.396 0.695
Alanine aminotransferase(U/L) 17.98 ± 18.25 12.44 ± 8.95 1.383 0.173
Aspartate aminotransferase(U/L) 17.50 ± 10.65 16.83 ± 7.61 0.257 0.798
Serum albumin(g/L) 39.06 ± 4.76 33.07 ± 5.01 1.454 0.042*
Creatinine(µmmol/L) 904.68 ± 366.41 881.08 ± 390.42 0.222 0.825
Urea nitrogen(mmol/L) 23.48 ± 7.35 20.17 ± 10.31 1.313 0.195
Uric acid(µmmol/L) 433.57 ± 141.05 434.23 ± 114.49 -0.018 0.985
Blood glucose(mmol/L) 6.65 ± 3.05 7.12 ± 2.88 -0.538 0.593
Total cholesterol(mmol/L) 18.89 ± 77.21 2.57 ± 1.19 1.013 0.286
triglyceride(mmol/L) 2.39 ± 1.65 2.20 ± 1.63 0.392 0.697
High density lipoprotein(mmol/L) 0.76 ± 0.32 0.94 ± 0.31 -1.925 0.061
Low density lipoprotein(mmol/L) 1.55 ± 0.71 1.74 ± 0.68 -0.967 0.339
potassium(mmol/l) 4.88 ± 0.97 4.85 ± 0.83 0.122 0.903
sodium(mmol/l) 137.42 ± 3.54 138.03 ± 3.27 -0.641 0.525
calcium(mmol/l) 2.16 ± 0.26 2.28 ± 0.21 -0.12 0.003**
phosphorus(mmol/l) 1.81 ± 0.69 2.38 ± 2.65 -1.045 0.301
Note: * p < 0.05 ** p < 0.01 All experiments were replicated at least three times, and the average was chosen as the observed data
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Relationship between roxadustat and blood pressure 
variability
Roxadustat lowers serum cholesterol and triglycerides in 
patients while treating anemia, with superior effects on 
lipid metabolism compared to ESA [56]. It reduces blood 
pressure variability in a lipid-lowering manner. Blood 
pressure fluctuations in MHD patients are often linked 
to target organ damage, including vascular endothelial 
cell damage and increased inflammatory response [57]. 
These fluctuations can lead to myocardial cell apoptosis 
and cardiogenic edema [58], particularly in patients with 
compromised cardiac function where low blood pres-
sure management becomes crucial [59]. Inadequate vol-
ume control and salt restriction during dialysis intervals 
contribute to weight gain and fluid retention, which are 
key factors in blood pressure variability. Reducing blood 
pressure fluctuation can help remove vasoconstrictive 
substances, maintain blood volume and acid-base bal-
ance, and improve dialysis adequacy [60]. Roxadustat 
use during dialysis can decrease the risk of cardiovascu-
lar events and mortality, reduce vascular endothelial cell 
damage, improve vascular stiffness, protect residual renal 
function, and enhance water and sodium removal during 
dialysis.

Relationship of laboratory data to roxadustat
Sphoglyceric acid kinase 1 (PGK1), lactate dehydroge-
nase (LDH), and additional factors that modulate HIF are 
engaged in cellular processes such as metabolism, mito-
chondrial function, inflammation, vascular function, and 
oxidative stress. These processes can trigger the endog-
enous production of EPO in hemodialysis patients [61, 
62, 63]. In a multicenter, randomized, open-label phase 
3 trial, it was observed that the therapeutic effect of the 
Rosa company’s treatment for anemia was comparable to 
or even superior to ESA, with a shorter time to effect and 
a lower incidence of adverse events. Clinical trials have 
also demonstrated that roxadustat can significantly lower 
hepcidin levels and enhance the utilization of serum iron 
compared to ESA. Particularly in iron-deficient condi-
tions, roxadustat’s efficacy in treating anemia surpasses 
that of ESA [64, 65]. Maintenance hemodialysis (MHD) 
anemia is a chronic inflammatory condition that ham-
pers erythropoiesis by suppressing EPO production and 
disrupting bone marrow erythrocyte development and 
iron metabolism. Roxadustat operates independently of 
the inflammatory status, suggesting it could be a suitable 
clinical approach for treating renal anemia in patients 
with a poor response to ESA due to high inflammation 
levels [66]. Although ESA typically maintains hemo-
globin levels within the target range and reduces the 
need for red blood cell transfusions, its use in advanced 
chronic kidney disease elevates the risk of cardiovascu-
lar events [67]. Roxadustat is anticipated to decrease 

the cardiovascular risks associated with traditional ESA 
treatment while addressing anemia [68].

In our study, roxadustat was effective in maintaining 
serum calcium levels within safe limits, although there 
was no significant difference in calcium levels between 
the treatment groups The blood calcium level in the high 
systolic blood pressure variability group was higher than 
that in the low systolic blood pressure variability group, 
while the hemoglobin level was lower and the differ-
ence was statistically significant, which was similar to the 
results of Fang Zhenyu [69]. Therefore, combined with 
the results of previous studies and this study, it can be 
seen that hypertensive variability may aggravate the dam-
age of target organs in MHD patients. The variability of 
hypertension may lead to the decline of renal function, 
and then cause a variety of complications such as renal 
anemia, abnormal calcium and phosphorus metabolism, 
and secondary hyperparathyroidism. It is speculated that 
bone metabolism indexes such as calcium, phosphorus, 
parathyroid hormone and CKD-MBD may lead to blood 
pressure fluctuation by affecting vascular structure and 
function. Thus, hypertension variability and kidney injury 
may act on each other to promote a vicious cycle [55].

The cardiovascular safety of Roxat should not be 
ignored. Related studies have demonstrated that Roxalli-
stat not only raises Hb to the level achieved by ESAs, but 
does not significantly increase the risk of cardiovascular 
events [69, 70]. In this study, the main adverse reactions 
of patients were hyperkalemia, gastrointestinal reac-
tion, dizziness, headache, allergic reaction and throm-
bosis. There was no significant difference in the overall 
incidence of adverse reactions of Roxallistat compared 
with ESAs, and no serious adverse events occurred. In a 
recent meta-analysis, Roxallistat was associated with an 
increased risk of vomiting, hypotension, diarrhea, and 
arteriovenous fistula thrombosis, and a decreased risk 
of heart failure, which was roughly consistent with our 
observations. But compared to placebo, Roxallistat was 
associated with higher serious adverse reactions, high 
blood pressure, and deep vein thrombosis in an evalua-
tion study. Not long ago, the U.S. Food and Drug Admin-
istration (FDA) voted against approving Roxalstat for 
dialysis dependent patients, citing its potential thrombo-
embolism and cardiovascular risks. To date, the adverse 
effects of Roxat on the cardiovascular system have not 
reached consistent results, its clinical impact has not 
been fully studied, and more results from real-world 
practice are needed in the future to verify the safety of 
Roxat.

In conclusion, roxadustat, as compared with ESA, was 
effective in reducing BP and BP variability before and 
during dialysis and reducing CVD risk and mortality in 
MHD patients. In addition, the fluctuation process of 
blood pressure in MHD patients is related to multiple 
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factors, including gender, hemoglobin level, serum cal-
cium, diabetes, nutritional status [71], and disease 
changes. Since this study is a retrospective analysis of its 
own, the sample size of data is not large, and the conclu-
sions still need to be supported by prospective studies 
with larger samples.

Conclusion
Compared with rHuEPO, roxadustat has less fluctuation 
of blood pressure and less impact on blood pressure in 
MHD patients during the use of roxadustat, and roxadu-
stat can improve hemoglobin level, and the therapeutic 
effect is not inferior to that of ESA.

Deficiencies and prospects
This study has many shortcomings: (1) Since it is a ret-
rospective study, the severity of the patients in the two 
stages before and after switching to drug therapy may 
not be consistent, which may affect the comparability of 
the two stages. (2) The biochemical data during dialysis 
are not perfect and seriously missing, and there are some 
discrepancies with the previous published literature; Fur-
ther data collection and the extension of research time 
are needed. (3) This study did not determine the exact 
pathophysiological mechanism of roxadustat affecting 
the fluctuation of blood pressure during hemodialysis 
and the influence of different dialysis methods such as 
ultrafiltration method, dialysate and temperature on the 
fluctuation of blood pressure. In the study, we observed 
Rosa division of dialysis has of certain influence on blood 
pressure variability at different times, choosing correct 
anemia drugs in patients with maintenance hemodialysis 
for reference, for the results of the study need to be the 
more perfect design and further increase the prospective 
design study sample size.
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