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Abstract
Purpose  Anemia persists as a challenge in chronic kidney disease (CKD) patients. Current therapies are the injectable eryth-
ropoietin stimulating agents (ESA). Concerns have been raised regarding ESA cardiovascular safety, therefore search for an 
alternative, convenient and safe therapy is underway. Hypoxia inducible factors-prolyl hydroxylase inhibitors (HIF-PHI) are 
oral agents with promising results. Numerous small studies reported favorable effects with lack of large, powered studies.
Methods  We conducted a meta-analysis of randomized clinical trials to assess the efficacy and safety of HIF-PHI in non-
dialysis-dependent CKD patients. Primary outcome was hemoglobin (Hb) concentration post intervention. Secondary out-
comes were all-cause mortality, MACE, and changes in iron metabolism (ferritin, hepcidin). We reported total and serious 
adverse effects. Data were pooled using a random effect model via RevMan 5.4 software.
Results  We identified 7 trials comprising of 8228 patients (mean age 66.5 ± 13.2 years, 42% were females, 53% used iron 
replacement) with a mean follow-up of 52 weeks. Compared with the standard of care (ESA), HIF-PHI were non-inferior 
for treatment of anemia, with comparable effect on mortality and major adverse cardiovascular events. HIF-PHI showed no 
major safety concerns. Main side effect of HIF-PHI was diarrhea.
Conclusion  HIF-PHI might represent a safe, and convenient alternative to ESA in non-dialysis dependent CKD patients 
with anemia.
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Introduction

Anemia remains a challenge in patients with chronic kidney 
disease (CKD) as it is associated with disease progression, 
decreased quality of life, and increase in all-cause mortality 

[1]. Proper management of anemia in these patients is 
important for overall survival. Currently, erythropoietin 
stimulating agents (ESAs) such as epoetin and darbepoe-
tin alfa are among the only Food and Drug Administration 
(FDA) approved drugs for improving hemoglobin in anemic 
patients with CKD. Due to their increased adverse effects 
profile and associated high cardiovascular events, especially 
in patients with hemoglobin > 11 g/dl, the lowest dose suf-
ficient to reduce the need for transfusion of packed red cells 
is recommended [2]. As a result, search for an alternative 
to ESA is underway. Oral hypoxia-inducible factor-prolyl 
hydroxylase inhibitors (HIF-PHIs) are promising thera-
pies for the treatment of anemia in non-dialysis dependent 
chronic kidney disease (NDD CKD) patients. HIF-PHIs 
stimulate the production of endogenous erythropoietin 
through inhibition of the prolyl hydrolase enzymes and 
increase iron levels in these patients [3, 4]. Randomized con-
trolled trials (RCTs) have evaluated the efficacy and safety 
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of several HIF-PHIs as an oral alternative to parenterally 
administered epoetin and its derivatives. More recent evi-
dence accumulated suggesting promising results, with lack 
of large, powered studies. Hence, we conducted a systematic 
review and meta-analysis of RCTs to compare the efficacy 
and safety of HIF-PHIs versus ESAs regarding hemoglobin 
concentration, iron metabolism and adverse effects in ane-
mic patients with NDD CKD.

Methods

Search strategy and eligibility criteria

We performed a comprehensive search of multiple electronic 
databases (PubMed/Medline, Embase, Cochrane, Google 
scholar), from inception till December/20/2021. We used 
the following pre-specified search terms (hypoxia-inducible 
factor-prolyl hydroxylase inhibitors) OR (HIF-PHI) AND 
(epoetin) OR (erythropoietin) OR (erythropoietin stimulat-
ing agent) AND (anemia) OR (low hemoglobin) AND (non-
dialysis renal disease) OR (non-dialysis kidney disease) OR 
(non-dialysis chronic kidney disease). Search was restricted 
to English language.

We included only RCTs with active comparator reported 
(ESA). Placebo-controlled trials and observational studies/
registries were excluded. CKD was defined as an estimated 
glomerular filtration rate (GFR) < 60 ml/min/1.73 m2 or 
CKD stage ≥ 3 per CKD Epidemiology Collaboration (CKD-
EPI) formula.

Data extraction/quality assurance

Two investigators (MO, SS) screened the trials abstracts, 
and if suitable the full manuscript including supplement/
appendix and extracted pre-defined variables independently 
in a pre-designed excel sheet. Data included baseline demo-
graphics, intervention, duration of follow-up, clinical out-
comes, among others. Quality of studies regarding methods 
of randomization, concealment of allocation, blinding, and 
incomplete data were assessed on categorical scale. Disa-
greement, if any, was resolved by consensus. Units for differ-
ent variables were standardized using respective calculators 
and rounded to one decimal.

Outcomes

The primary outcome of interest was hemoglobin concen-
tration (Hb) g/dl post intervention at the longest follow-up 
duration. Secondary outcomes included all-cause mortality, 
major adverse cardiovascular events (MACE) (defined as 
all-cause mortality, non-fatal myocardial infarctions (MI), 
and non-fatal stroke), and change in iron metabolism in the 

form change of ferritin and hepcidin. We also reported all, 
serious, and specific adverse effects (AE).

Statistical analysis

Effect estimates were extracted from each study in the form 
of events or means depending on variable type, directly from 
the article or calculated indirectly based on the available data 
from the text. Correspondent authors of respective studies 
were contacted via email if there was a missing data. We 
calculated risks ratios (RRs) and weighted mean differences 
(MDs) with their corresponding 95% confidence intervals 
(CIs) for dichotomous and continuous data, respectively. 
Heterogeneity between studies was explored by Cochran Q 
statistic (P < 0.05) and I-squared (I2) statistic. All statistical 
tests were two-sided, and P values ≤ 0.05 were considered 
significant. All analyses were conducted via RevMan 5.4 
software using a random-effects model.

Results

We identified 7 RCTs reported in 6 articles [5–10] with a 
total of 8228 patients (HIF-PHI = 4185, ESA = 4043), with 
a mean age of 66.5 ± 13.2 years, 42% were females and a 
median follow-up of 52 weeks. Patients with diabetes and 
hypertension represented 41% and 59%, respectively. The 
mean Hb and estimated GFR for both groups (HIF-PHI) 
and (ESA) were 9.8 ± 1.0 g/dl and 20.3 ± 11.5 ml/min/1.73 
m2, respectively.

Patients receiving iron replacement represented 53%.
Regarding Hb concentration post intervention, our analy-

sis showed that HIF-PHI and ESA were not statistically dif-
ferent [MD − 0.03, 95% CI (− 0.18, 0.11); P = 0.66] (Fig. 1).

Our analysis also showed no statistical difference between 
groups regarding all-cause mortality [RR 1.02, 95% CI 
(0.92, 1.13); P = 0.71] and MACE [RR 1.08; 95% CI (0.99, 
1.18); P = 0.08] (Fig. 2).

Regarding iron metabolism, HIF-PHIs showed a signifi-
cant reduction of ferritin (µg/L) and hepcidin (ng/ml) com-
pared to the ESA group [MD − 18.89, 95% CI (− 29.08, 
− 8.69); P < 0.001] and [MD − 28.21, 95% CI (− 40.73, 
− 15.68); P < 0.001], respectively (Fig. 3).

In term of adverse effects (AE) (total AE, serious AE, 
hypertension, hyperkalemia), we found no statistical dif-
ference between HIF-PHI and ESA groups [RR 1.01, 95% 
CI (0.99, 1.04); P = 0.28], [RR 1.04, 95% CI (0.94, 1.15); 
P = 0.41], [RR 0.88, 95% CI (0.75, 1.04); P = 0.13], [RR 
0.88, 95% CI (0.68, 1.15); P = 0.35], respectively, except 
diarrhea, which was reported more in the HIF-PHI group 
compared to ESA, [RR 1.45, 95% CI (1.21, 1.73); P < 0.01], 
(Fig. 4).
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Discussion

Our meta-analysis showed that HIF-PHIs are non-inferior 
compared to ESA, the current standard of care for treat-
ment of anemia in non-dialysis dependent CKD patients. 
There were no significant differences between groups in 
terms of Hb concentration post intervention, all-cause 
mortality, or MACE. However, HIF-PHIs were associated 
significant iron metabolism changes in term of lower fer-
ritin, hepcidin. HIF-PHI were also significantly associated 
with more diarrhea compared with ESAs.

HIF-PHIs as an oral agent are a more attractive and 
appealing option. This favorable pharmacokinetic property 
might reduce the need for further outpatient visits required 
with epoetin/darbepoetin which are given subcutaneously 

or intravenously. We believe that convenience of admin-
istration is vital for patients’ satisfaction and compliance.

Our findings of reduction in ferritin and hepcidin empha-
size the role of HIF-PHIs in iron metabolism. HIF-PHI 
might lead to excessive iron consumption, as reduced levels 
of hepcidin, might indicate increase in iron absorption and/
or utilization, which in turn might necessitate increase in 
iron supplementation in NDD CKD patients. [11, 12] As the 
long-term effect of this change in iron metabolism is not yet 
clear, more studies are needed and awaited.

Our analysis is consistent with current literature. Chen 
and his colleagues conducted a similar meta-analysis 
of > 13,000 patients [12]. They studied effect of HIF-PHI in 
comparison to both active intervention (ESA) and placebo, 
and they included both dialysis dependent and non-dialysis 
dependent CKD patients. They reported increase Hb level 

Fig. 1   Primary efficacy out-
come; Hemoglobin (Hb) con-
centration g/dl post intervention

Fig. 2   Safety outcomes; all-cause mortality and major adverse cardiovascular events (MACE)
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Fig. 3   Iron metabolism, change between baseline and end of treatment a Ferritin (µg/L), b Hepcidin (ng/ml)

Fig. 4   Adverse effects, a Total AE, b Serious AE, c Hypertension, d Hyperkalemia and e Diarrhea
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and iron utilization with good long-term tolerability. In 
contrast, we included only non-dialysis dependent CKD 
patients, and active comparison (ESA) arm to maintain 
homogeneity, but our findings are similar in terms of Hb 
level, iron utilization, and safety measured as MACE.

Adverse effects analysis was consistent with literature. 
Gastrointestinal upset is commonly reported in HIF-PHI 
due to altered epithelial cell metabolism but is usually mild 
to moderate. We did not find any major safety concerns, 
which should be reassuring for both potential patients and 
providers.

Our meta-analysis is the first to report head-to-head 
comparison with the current standard of care for anemia in 
NDD-CKD. The major limitations of our analysis are het-
erogeneity and relatively short follow-up duration. Further 
large RCTs with long-term follow-up are needed.

In conclusion, among patients with anemia and NDD 
CKD, HIF-PHIs are non-inferior to ESAs for treatment of 
anemia. MACEs were also similar between the two groups. 
HIF-PHIs are associated with reduced iron metabolism, and 
more diarrheal episodes.
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