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罗沙司他治疗肾性贫血的效果观察及对 TSAT、Cys C
及 NOX2的作用分析 *
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摘要 目的：探讨罗沙司他治疗肾性贫血的效果观察及对转铁蛋白饱和度（TSAT）、胱抑素 C（Cys C）及 NADPH氧化酶 2（NOX2）

的作用。方法：选择 2019年 12月到 2020年 12月在我院接受治疗的 125例肾性贫血患者，采用随机数表法分为试验组（n=63）和

对照组（n=62）。对照组给予重组人促红素治疗，试验组给予罗沙司他治疗。比较两组临床疗效、TSAT、Cys C、NOX2、红细胞计数

（RBC）、血红蛋白（Hb）、血细胞比容（Hct）、铁蛋白（SF）、转铁蛋白（TRF）及铁调素（Hepc）水平变化情况及药物不良反应发生情

况。结果：治疗后，两组总有效率比较差异显著（P<0.05）；治疗前，试验组和对照组血清 TSAT、Cys C及 NOX2比较无显著差异；治

疗后，试验组和对照组血清 TSAT随着时间的推移而升高，且试验组高于对照组，Cys C及 NOX2随着时间的推移而升减降低，且

试验组低于对照组，差异显著（P<0.05）；治疗前，试验组和对照组 RBC、Hb、Hct检验结果比较无显著差异；治疗后，试验组和对照

组 RBC、Hb、Hct均随着时间的推移而升高，且试验组高于对照组，差异显著（P<0.05）；治疗前，试验组和对照组 SF、TRF及 Hepc

检验结果比较无显著差异；治疗后，试验组和对照组血清 SF、TRF均随着时间的推移而升高，且试验组高于对照组，Hepc随着时

间的推移而下降，且试验组低于对照组，差异显著（P<0.05）；两组不良反应总发生率分别为 4.76%、8.06%（P>0.05）。结论：在肾性
贫血患者中应用罗沙司他效果显著，可能与其可有效改善血清 TSAT、Cys C及 NOX2水平有关，且不增加不良反应。
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Curative Efficacy of Observation on the Effect of Roxathat on Renal Anemia
and Its Effect on TSAT, Cys C and NOX2*

To study Curative efficacy of Observation on the effect of roxathat on renal anemia and its effect on

Transferrin saturation (TSAT), cystatin C (Cys C) and NADPH oxidase 2 (NOX2). 125 patients with renal anemia treated in

our hospital from December 2019 to December 2020 were selected and divided into experimental group (n=63) and control group (n=62)

by random number table method. The control group was treated with recombinant human erythropoietin and the experimental group was

treated with roxathat. Clinical efficacy, TSAT, Cys C, NOX2, erythrocyte count(RBC), hemoglobin (Hb), hematocrit (HCT), ferritin (SF),

transferrin (TRF) and ferritin (HEPC) levels and the incidence of adverse drug reactions were compared between the two groups.

After treatment, the total effective rate between the two groups was significantly different (P<0.05). Before treatment, there were no
significant differences in serum TSAT, Cys C and NOX2 between the experimental group and the control group. After treatment, serum

TSAT in experimental group and control group increased over time, and Cys C and Nox2 in experimental group increased and decreased

over time, and the difference was significant (P<0.05). Before treatment, there were no significant differences in RBC, HB and HCT test

results between the experimental group and the control group. After treatment, RBC, Hb and Hct in experimental group and control group

increased with the passage of time, and the difference in experimental group was significant (P<0.05). Before treatment, there were no
significant differences in SF, TRF and HEPC test results between the experimental group and the control group. After treatment, serum

SF and TRF of both experimental group and control group increased with time, and the experimental group was higher than the control

group, and the HEPC decreased with time, and the experimental group was lower than the control group, the difference was significant

(P<0.05). The total incidence of ADR in the two groups was 4.76% and 8.06%(P>0.05), respectively. The application of

roxathat in patients with renal anemia has a significant effect, which may be related to the effective improvement of serum TSAT, Cys C

and NOX2 levels without increasing adverse reactions.
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前言

肾性贫血是慢性肾脏疾病最常见的慢性并发症，是由于肾

功能受损导致肾脏产生促红细胞生成素的减少而引起的，多发

生在终末期肾脏病患者，且可随着疾病的严重程度而加重[1-3]。

肾性贫血的发病率较高，据调查显示，慢性肾脏病尤其终末期

患者肾性贫血的发生率高达 98.2%，若得不到有效治疗则可引

起记忆力减退、乏力及心功能不全等并发症，甚至可能诱发心

血管疾病，加重患者病情，严重影响患者预后[4,5]。目前临床通常

使用重组人促红素改善患者贫血症状，但效果不佳，可长期使

用可引起患者血压升高，诱发脑血管疾病[6]。罗沙司他是第二代

小分子低氧诱导因子脯氨酰羟化酶（HIF-PH）抑制剂，能促进铁

的吸收，综合调控肾性贫血的多个致病因素，有效改善肾性贫

血[7,8]。有研究显示，肾性贫血可导致患者血清 TSAT、Cys C及

NOX2表达异常，因此，TSAT、Cys C及 NOX2可能参与了疾

病的发生与发展[9]。本研究通过探讨罗沙司他治疗肾性贫血的

效果，并分析其对 TSAT、Cys C及 NOX2的作用。

1 资料与方法

1.1 一般资料

选择 2019 年 12 月到 2020 年 12 月在我院接受治疗的

125例肾性贫血患者，采用随机数表法分为 2组，试验组 63

例，年龄 25-82岁，平均（67.35± 5.63）岁，原发病：糖尿病肾病

22例，慢性肾小球肾炎 27例，高血压肾病 14例；对照组 62

例，年龄 46-82岁，平均（65.72± 5.71）岁，原发病：糖尿病肾病

20例，肾小球肾炎 29例，高血压肾病 13例。两组基线资料无

显著差异(P>0.05)，存在可比性。
参照《肾性贫血诊断与治疗中国专家共识》[10]：Hb60~130

g/L；转铁蛋白饱和度低于 20%。

纳入标准：① 符合上述标准；② 未接受相关治疗者；③ 慢性

肾脏病未规律行血液透析者；④ 签署知情同意书。排除标准：①

先天免疫性疾病者；② 神志不清者；③ 活动性溃疡者；④ 妊娠哺

乳者；⑤ 心、肝功能异常者；⑥ 依从性较差者；⑦ 对本次药物过

敏者；⑧ 凝血功能障碍及血液系统病变者。

1.2 方法

对照组在给予重组人促红素（规格：3000 IU/2 mL，生产厂

家：上海凯茂生物医药有限公司，国药准字 S19991024）

100~150 U/kg。每周 3次注射。试验组给予罗沙司他（规格：

50 mg，生产厂家：珐博进（中国）医药技术开发有限公司，国药

准字 H20180023）100 mg饭后口服，每周 3次。

1.3 观察指标

采集空腹静脉血 5 mL，采用双抗体夹心酶联免疫吸附法

测定 Cys C、NOX2水平，采用血细胞分析仪对 RBC、Hb、Hct

进行测定，采用全自动生化分析仪测定 TSAT、SF、TRF 及

Hepc；记录不良反应发生情况。

疗效评定标准：显效：血红蛋白较治疗前上升＞30 g/L；好

转：血红蛋白较治疗前上升＞15 g/L；无效：临床症状无改善。

1.4 统计学分析

以 SPSS18.0 软件包处理，符合正态分布计量资料用均

数± 标准差（x± s）表示，组间比较使用独立样本 t检验，计数资

料以率表示，x2检验，P＜0.05表示差异具有统计学意义。

2 结果

2.1 不同治疗方式临床治疗效果比较

治疗后，两组总有效率比较差异显著（P<0.05）见表 1。

表 1 不同治疗方式临床治疗效果比较[n（%）]

Table 1 Comparison of clinical effects of different treatment methods[n（%）]

Groups n Excellent Valid Invalid Total effective rate

Experimental group 63 35（55.56） 24（38.10） 4（6.35） 59（93.65）

Control group 62 28（45.16） 22（35.48） 12（19.35） 50（80.65）

x2 value 4.735

P value 0.029

2.2 不同治疗方式 TSAT、Cys C及 NOX2检查结果比较

治疗前，试验组和对照组血清 TSAT、Cys C及 NOX2比较

无显著差异；治疗后，试验组和对照组血清 TSAT随着时间的

推移而升高，且试验组高于对照组，Cys C及 NOX2随着时间

的推移而升减降低，且试验组低于对照组，差异显著（P<0.05），
见表 2。

表 2 不同治疗方式 TSAT、Cys C及 NOX2检查结果比较（x± s）
Table 2 Comparison of TSAT, CYS C and NOX2 results of different treatment methods（x± s）

Groups n
TSAT（%） Cys C（mg/L） NOX2（U/L）

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Experimental group 63 18.71± 3.21 34.73± 3.45 1.84± 0.62 0.97± 0.16 53.62± 5.67 25.53± 3.91

Control group 62 18.69± 3.18 26.17± 3.29 1.86± 0.58 1.32± 0.25 54.01± 5.71 45.17± 5.89

t value 0.035 14.192 0.186 9.338 0.383 21.997

P value 0.972 0.000 0.853 0.000 0.702 0.000
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Groups n
SF（滋g/L） TRF（g/L） Hepc（ng/mL）

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Experimental group 63 121.71± 20.31 289.69± 40.52 1.68± 0.41 2.81± 0.68 135.69± 53.42 95.82± 40.18

Control group 62 121.68± 20.45 217.17± 31.36 1.65± 0.39 2.18± 0.38 132.79± 50.38 121.15± 48.42

t value 0.008 11.178 0.419 6.379 0.312 3.185

P value 0.993 0.000 0.676 0.000 0.755 0.002

2.3 不同治疗方式贫血指标检查结果对比

治疗前，试验组和对照组 RBC、Hb、Hct检验结果比较无显

著差异；治疗后，试验组和对照组 RBC、Hb、Hct均随着时间的

推移而升高，且试验组高于对照组，差异显著（P<0.05），见表 3。

2.4 不同治疗方式铁代谢指标检查结果对比

治疗前，试验组和对照组 SF、TRF及 Hepc检验结果比较

无显著差异；治疗后，试验组和对照组血清 SF、TRF均随着时

间的推移而升高，且试验组高于对照组，Hepc随着时间的推移

而下降，且试验组低于对照组，差异显著（P<0.05），见表 4。

表 3 不同治疗方式贫血指标检查结果对比（x± s）
Table 3 Comparison of examination results of anemia indicators of different drug use methods（x± s）

2.5 不同治疗方式不良反应发生情况对比

两组不良反应总发生率分别为 4.76%、8.06%（P>0.05）见
表 5。

表 4 不同治疗方式铁代谢指标检查结果对比（x± s）
Table 4 Comparison of iron metabolism indexes in different drug use methods（x± s）

Groups n
RBC（× 1012/L） Hb（g/L） Hct（%）

Before treatment After treatment Before treatment After treatment Before treatment After treatment

Experimental group 63 1.91± 0.82 3.62± 0.60 71.35± 8.37 105.05± 10.38 21.11± 2.32 36.81± 3.82

Control group 62 2.02± 0.81 2.79± 0.58 71.21± 8.29 88.62± 9.19 20.99± 2.37 29.78± 3.37

t value 0.754 7.862 0.094 9.364 0.286 10.904

P value 0.452 0.000 0.925 0.000 0.775 0.000

表 5 不同治疗方式不良反应发生情况对比[n（%）]

Table 5 Comparison of adverse reactions in different drug use methods[n（%）]

Groups n Diarrhea Headache Thrombosis The total incidence of

Experimental group 63 1 1 1 3（4.76）

Control group 62 1 3 1 5（8.06）

x2 value 0.569

P value 0.451

3 讨论

据调查报告，我国慢性肾脏病患者近 1.2亿，患病率高达

10.8%，而肾性贫血是慢性肾脏疾病最常见的慢性并发症，是造

成机体缺氧、免疫功能低下最直接因素[11,12]。长期肾性贫血患者

多表现为畏寒、疲惫、肌无力、休息或活动时气促、心悸等症状，

若得不到及时治疗则会导致患者发生病理变化，增加心血管疾

病与死亡风险，严重威胁患者生命[13,14]。其发病机制较为复杂，

现代医学认为，导致肾性贫血发生的原因有[15-17]：① 肾脏产生的

促红细胞生成素生成减少；② 铁、叶酸缺乏；③ 毒素影响骨髓微

环境；④ 红细胞生成抑制因子降低患者对促红细胞生成素的反

应性。近年来随着医疗技术的进步，慢性肾脏疾病患者的生存

期明显延长，但肾性贫血仍是影响患者健康的并发症之一[18]。

目前临床通常使用重组人促红素和铁剂治疗肾性贫血，但

据相关文献显示，重组人促红素可导致患者血压异常升高及血

栓的形成；而铁剂可增多机体内氧自由基释放量，减弱机体自

身对铁的吸收能力，导致治疗效果不佳[19-21]。有研究显示，给予

重组人促红素治疗后约 10%~20%患者血红蛋白难以达到目

标[22]。缺氧诱导因子(HIF)可促进内源性促红细胞生成素分泌，

刺激骨髓新红细胞的生成，罗沙司他是首个口服小分子

HIF-PHI药物，能促进生理浓度范围内内源性重组人促红素生

成，改善铁吸收，调控红细胞的生成[23-25]。有研究显示，在慢性肾

病但未血液透析患者中，罗沙司他同样有较好的疗效[26]。本研

究结果显示，给予罗沙司他治疗的患者有效率明显高于使用重

组人促红素的患者，且两组患者不良反应发生率无明显差异，B

H M S A[27]等研究中也显示，口服罗沙司他在肾性贫血的治疗
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中安全性较高，无明显副作用，与本研究结果相似。肾性贫血常

由于营养不良，导致铁代谢紊乱，临床通常使用 SF、TRF、Hepc

作为评价铁代谢的指标 [28]。SF是反映缺铁性红细胞生成的指

标；Hepc由肝脏分泌的，参与免疫反应，机体内的铁水平会对

其产生影响[29]。本研究显示，治疗后患者 RBC、Hb、Hct、SF、TRF

明显升高，Hepc明显降低，但给予罗沙司他治疗的患者 RBC、

Hb、Hct、SF、TRF高于对照组，Hepc低于对照组，提示，罗沙司

他治疗肾性贫血效果显著，可改善患者贫血症状及铁代谢指

标。Mizuno K[30]等研究显示，罗沙司他可改善铁的吸收利用，降

低铁调素水平，抑制红细胞生成，改善患者铁代谢，对改善患者

贫血具有重要意义。分析其原因可能是因为罗沙司他作为

HIF-PHI药物，能抑制 HIF降解，降低 Hepc水平，增强肠道对

铁的吸收，提高 TRF受体活性，而重组人促红素则仅能增加患

者体内重组人促红素水平。

有研究显示，多种血清在肾性贫血中表达异常，参与了疾

病的发展[31]。TSAT代表可供给骨髓利用铁的数量，是铁生物利

用的临床指标，合理高水平有助于减少透析患者血红蛋白波

动[32]。贫血可加重肾功能损伤，影响红细胞正常代谢，加重贫血

程度，因此改善贫血患者肾功能具有重要意义[33]。Cys C是评估

肾功能较为敏感的指标，由有核细胞以恒速产生，从肾小球滤

过的同时能被肾小管上皮细胞完全重吸收[34]。氧化应激参与了

多种肾脏疾病的发展，氧化应激水平是由细胞抗氧化系统与活

性氧间的平衡决定的，肾脏缺血产生的活性氧是促进肾小管损

伤的主要因素，NOX是活性氧生成的主要酶体，NOX2主要存

在于吞噬细胞中，在缺血状态下低氧刺激可诱导产生 ROS，在

肾功能损伤时其水平异常升高 [35]。本研究将 TSAT、Cys C及

NOX2作为参与肾性贫血的重要指标，观察在治疗期间水平变

化，结果显示，治疗后患者血清 TSAT 明显升高，Cys C 及

NOX2，且给予罗沙司他治疗的患者 TSAT高于对照组，Cys C

及 NOX2低于对照组，进一步说明了罗沙司他可改善肾性贫血

患者 TSAT、Cys C及 NOX2水平。分析其原因可能是因为罗沙

司他可促进红细胞生成，降低血清铁蛋白，通过改善患者铁含

量，间接改善 TSAT水平。但本研究纳入样本量较小，可导致研

究结果出现误差，对疗效具有一定的局限性，今后应进一步深

入探究罗沙司他治疗肾性贫血患者 TSAT、Cys C及 NOX2的

影响，为远期疗效的研究工作打好基础。

综上所述，在肾性贫血患者中应用罗沙司他效果显著，可

能与其可有效改善血清 TSAT、Cys C及 NOX2水平有关，且不

增加不良反应。

参考文献（References）

[1] Agoro R, Montagna A, Goetz R, et al. Inhibition of fibroblast growth

factor 23 (FGF23) signaling rescues renal anemia[J]. FASEB journal:

official publication of the Federation of American Societies for Ex-

perimental Biology, 2018, 32(7): 3752

[2] Kim H J, Ji I P, Yoo K D, et al. Real-world treatment patterns of renal

anemia in hemodialysis patients: A multicenter cohort study per-

formed using DialysisNet (RRAHD study)[J]. Medicine, 2020, 99(2):

e18749

[3] London G, Mann J, Goldsmith D, et al. Long-term treatment with

biosimilar epoetin-琢 (HX575) in hemodialysis patients with renal

anemia: real-world effectiveness and safety in the MONITOR-CKD5

study[J]. Clinical Nephrology, 2018, 89(1): 1-9

[4] Lei L A, Dn A, Az A, et al. Effects of post-renal anemia treatment with

the HIF-PHD inhibitor molidustat on adenine-induced renal anemia

and kidney disease in mice [J]. Journal of Pharmacological Sciences,

2020, 144(4): 229-236

[5] Oono A, Yasunaga C, Yoshimatsu M. The effects of ferric citrate, a

new phosphate binder, on renal anemia, iron metabolism, and medical

care costs among hemodialysis patients [J]. Nihon Toseki Igakkai

Zasshi, 2019, 52(1): 33-39

[6] Hisato S, Keiko M, Kazuyoshi O, et al. Sucroferric oxyhydroxide de-

creases serum phosphorus level and fibroblast growth factor 23 and

improves renal anemia in hemodialysis patients [J]. BMC Research

Notes, 2018, 11(1): 363

[7] A H Sklar, J C Perez, R J Harp, et al. Acute Renal Failure in Sickle

Cell Anemia [J]. The International Journal of Artificial Organs, 2018,

13(6): 347-351

[8] Shilbayeh S, Albalawi R, Alhajri M, et al. Prevalence of anemia and

its impact on the quality of life of renal transplant recipients in a Saudi

setting [J]. International Journal of Research in Pharmaceutical Sci-

ences, 2020, 11(4): 7747-7753

[9] A G俟rel, Seluk T, Akel M, et al. Hemolytic anemia, panhypopitu-

itarism and renal failure after postpartum uterine artery rupture[J]. In-

ternational Journal of Medical Reviews and Case Reports, 2019, 3

(11): 1

[10] Consensus on diagnosis and treatment of renal anemia China expert

group. Chinese expert consensus on diagnosis and treatment of renal

anemia[J]. Chinese Journal of renal disease, 2013, 29 (005): 389-392

[11] Agoro R, Montagna A, Goetz R, et al. Inhibition of fibroblast

growth factor 23 (FGF23) signaling rescues renal anemia.[J]. FASEB

journal : official publication of the Federation of American Societies

for Experimental Biology, 2018, 32(7): 3752

[12] Li Z L, Tu Y, Liu B C. Treatment of Renal Anemia with Roxadustat:

Advantages and Achievement[J]. Kidney Diseases, 2020, 6(2): 1-9

[13] Implementation of a Nurse-Empowered Renal Anemia Protocol in

Children [J]. Nephrology nursing journal: journal of the American

Nephrology Nurses' Association, 2020, 47(3): 253-267

[14] Li F, Wei R B, Wang Y, et al. Influences of renal anemia on the

pathology of IgA nephropathy: a study based on propensity score

matching[J]. Discovery Medicine, 2020, 30(159): 7-18

[15] Hu X, Xie J, Chen N. Hypoxia-Inducible Factor-Proline Hydroxylase

Inhibitor in the Treatment of Renal Anemia [J]. Kidney Diseases,

2020, 7(1): 1-9

[16] Ohki K, H Wakui, Uneda K, et al. Effects of Erythropoietin-Stimulat-

ing Agents on Blood Pressure in Patients with Non-Dialysis CKD and

Renal Anemia[J]. Kidney Diseases, 2020, 6(4): 299-308

[17] Linpei, Jia, Xingtong, et al. Effectiveness of hypoxia-inducible factor

prolyl hydroxylase inhibitor roxadustat on renal anemia in non-dialy-

sis-dependent chronic kidney disease: a systematic review and

meta-analysis [J]. Annals of translational medicine, 2019, 7 (23):

720-720

[18] Tabata H, Kanno H, Murayama A, et al. Long-term safety and effec-

tiveness of a continuous erythropoietin receptor activator (CERA) in

4679窑 窑



现代生物医学进展 biomed.cnjournals.com Progress inModern Biomedicine Vol.21 NO.24 DEC.2021

（上接第 4675页）
[25] Li L, Zhang Y, Fang F. Authors' reply re: Effect of progestogen for

women with threatened miscarriage: a systematic review and

meta-analysis[J]. BJOG, 2020, 127(10): 1304

[26] 钭晓珍,吴红莲,闫贵贞.习惯性流产患者血清 TGF-茁1、EmAb、
TNF-琢及红细胞免疫、细胞免疫的变化研究 [J].实用预防医学,

2014, 21(12): 1500-1501

[27] 杨艳,蔺雪晴,黄楠,等. EMAb、血清 茁-HCG及黄体酮联合预测早
孕先兆流产结局[J].检验医学与临床, 2012, 9(15): 1844-1845

[28] Li X, Zhang C, Li Y, et al. Predictive values of the ratio of beta-hu-

man chorionic gonadotropin for failure of salpingostomy in ectopic

pregnancy[J]. Int J Clin Exp Pathol, 2019, 12(3): 901-908

[29] 夏小艳,李耀军.血清 茁人绒毛膜促性腺激素、孕激素、可溶性人
类白细胞抗原 G动态变化在早期先兆流产结局预测中应用研究

[J].中国医药导报, 2017, 14(12): 101-104

[30] Huang Q, Niu Y, Xu L, et al. Relationship between a low ratio of

serum estradiol to follicle number and fertility treatment outcomes: A

retrospective cohort study of 516 cases [J]. Medicine (Baltimore),

2018, 97(34): e12017

patients with renal anemia: a prospective, observational, multicenter

study[J]. Renal Replacement Therapy, 2019, 5(1): 3

[19] Sanghani N S, Haase V H. Hypoxia-Inducible Factor Activators in

Renal Anemia: Current Clinical Experience [J]. Advances in Chronic

Kidney Disease, 2019, 26(4): 253-266

[20] Feng H L, Chen Y H, Jeng S S. Effect of Zinc Supplementation on

Renal Anemia in 5/6-Nephrectomized Rats and a Comparison with

Treatment with Recombinant Human Erythropoietin[J]. International

Journal of Molecular Sciences, 2019, 20(20): 4985

[21] K Yahata, K Seta, Kikuchi Y, et al. Treatment for renal anemia and

outcomes in non-dialysis patients with chronic kidney disease: the

current status of regional medicine according to the Kyoto Fushimi

RenalAnemia (KFRA) study[J]. Clinical and ExperimentalNephrology,

2019, 23(10): 1211-1220

[22] Laura H E, Eugenia I, Ana A, et al. Root Infection of Canker

Pathogens, Fusarium circinatum and Diplodia sapinea, in Asymp-

tomatic Trees in Pinus radiata and Pinus pinaster Plantations [J].

Forests, 2018, 9(3): 128

[23] Tsai S T, Lin C Y, Dong Y X, et al. Analyses of Growth Parameters

of TiO_2 Nanotube Arrays and Their Effect on C_ (14)H_ (14)

N_3NaO_3S Methyl Orange Degradation [J]. Sensors and materials,

2019, 31(2(2)): 457-467

[24] Honjoh H, Takeguchi F, Kato M, et al. Refusal of blood transfusion

by a hemodialysis patient with renal anemia for religious reasons[J].

Nihon Toseki Igakkai Zasshi, 2018, 51(6): 409-413

[25] Ali A, Salih R. Renal anemia syndromes in iraqi hemodialysis pa-

tients according to iron status[J]. Saudi journal of kidney diseases and

transplantation: an official publication of the Saudi Center for Organ

Transplantation, Saudi Arabia, 2018, 29(1): 127

[26] Jing-Yuan, Cao, Bi-Cheng, et al. Current insights into the role of

HIF-PHD axis in renal anemia[J]. Sheng li xue bao : [Acta physiolog-

ica Sinica], 2018, 70(6): 623-629

[27] B H M S A, D C J W B, G S L L A E F. Physiology and pathophysi-

ology of renal erythropoietin-producing cells [J]. Journal of the For-

mosan Medical Association, 2018, 117(11): 955-963

[28] Karsten V W, Van C, Wim V B, et al. The effects of aerobic exercise

on eGFR, blood pressure and VO2peak in patients with chronic kid-

ney disease stages 3-4: A systematic review and meta-analysis [J].

PLOS ONE, 2018, 13(9): e0203662

[29] Heo J S, Lee J M. The Long-Term Effect of Preterm Birth on Renal

Function: A Meta-Analysis[J]. International Journal of Environmental

Research and Public Health, 2021, 18(6): 2951

[30] Mizuno K, Tsujimoto K, Tsuji T. Effect of Prism Adaptation Therapy

on the Activities of Daily Living and Awareness for Spatial Neglect:

A Secondary Analysis of the Randomized, Controlled Trial [J]. Brain

Sciences, 2021, 11(3): 347

[31] Vo-Thi-Kim A, Tan V Q, Nguyen-Thanh B, et al. The effect of medi-

cal treatment on nasal exhaled nitric oxide (NO) in patients with per-

sistent allergic rhinitis: A randomized control study [J]. Advances in

Medical Sciences, 2020, 65(1): 182-188

[32] Ru Zhentsova T A, Khavkina D A, Chukhliaev P V, et al. Effect of

anticoagulant therapy on the course of COVID-19 in comorbid pa-

tients[J]. Voprosy Virusologii, 2021, 66(1): 40-46

[33] Tion M A, Orga M T, Adeka I A. The effect of calorie to protein ratio

of practical diets on performance and carcass quality of broiler chick-

ens[J]. Nigerian Journal of Animal Production, 2021, 32(2): 253-260

[34] Elamin Z M, Badi S, Yousef B A. Assessment of Erythro-

poiesis-Stimulating Agents for Anemia Treatment among Chronic

Kidney Disease Patients: A Descriptive, Retrospective Study [J]. Ma-

trix Science Medica, 2021, 5(1): 21

[35] Asadur R, Daisuke Y, Abu S, et al. A novel approach to adenine-in-

duced chronic kidney disease associated anemia in rodents [J]. Plos

One, 2018, 13(2): e0192531

4680窑 窑


