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Introduction
Chronic kidney disease (CKD) is a global health 
burden, affecting around 11–13% of the world 
population,1 and is associated with reduced life 
quality, huge financial burden, and shorter life 
expectancy in developed countries.2 Anemia is a 
commonly diagnosed complication in patients 
with CKD,3 especially in those with end-stage 
kidney disease (ESKD; stage 5 of CKD). 

Erythropoietin (EPO) has long been found to 
stimulate the differentiation of erythrocytes since 
the 1950s,4,5 and was one of the standard treat-
ments of anemia in ESKD patients.3,6 In addi-
tion, in the past two decades, EPO was recognized 
to act on many other systems, including inflam-
matory response system,7 immune cells,8 endothe-
lium cells,9 cardiac tissues,10 and pancreatic beta 
cells.11 Moreover, EPO has been found to be 
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Abstract
Background: Patients with end-stage kidney disease (ESKD), have been associated with 
higher risk of developing depression. Erythropoietin (EPO), frequently used for the treatment 
of anemia in ESKD patients, has been shown to have neuroprotective and antidepressant 
effects. In this study, we examined whether EPO treatment changed the risk of depression in 
ESKD patients.
Methods: In a nationwide population-based cohort in Taiwan from 1998 to 2013, patients with 
a diagnosis of ESKD on maintenance dialysis and aged greater than 18 years were classified 
into EPO treatment group or non-EPO treatment group. All patients were followed up until the 
diagnosis of depressive disorder or the end of the study period.
Results: In this cohort (13,067 patients in the EPO and 67,258 patients in the non-EPO group), 
5569 patients were diagnosed as depressive disorder in the follow-up period. We found the 
risk of depression in EPO group was not significantly different from that in non-EPO group 
(adjusted hazard ratio = 0.98, 95% confidence interval 0.92–1.04, p = 0.499) after adjusting for 
sex, age, certification year of catastrophic illness for ESKD, physical co-morbidities, and use of 
benzodiazepines.
Conclusion: In summary, using the nationwide reimbursement data in Taiwan, we found that 
EPO treatment in ESKD patients was not associated with their general risk of developing 
depression.
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expressed in the brain,12 and is produced by neu-
rons and astrocytes. Its combination with EPO 
receptor, acting through JAK2 and multiple 
downstream signaling pathways including 
STAT5, PI3K/Akt, NF-kappa B, and MAPK,13 
was shown to exert neurotrophic and neuropro-
tective effects.14,15

Hence, EPO has been examined for its possible 
effects on mood regulation and cognition in 
humans. One week after EPO administration in 
healthy volunteers, their neural and cognitive 
responses to fearful facial expression were 
reduced, similar to effects of conventional anti-
depressants.16 Meanwhile, memory-relevant 
hippocampal response was enhanced in these 
subjects, consistent with increased hippocampal 
plasticity.17 Next, these studies were extended 
to clinical subjects. Three days after administra-
tion in patients with major depression, EPO 
reduced amygdala–hippocampal response dur-
ing encoding of negative affect-laden pictures18 
and neural and cognitive responses to fearful 
facial expression,19 consistent with down-regu-
lation of the negative memory bias in antide-
pressant mechanism.20

These findings suggested EPO as a candidate 
agent for future management of mood and cogni-
tive symptoms in depression. In a double-blind, 
placebo-controlled randomized trial in patients 
with treatment-resistant depression, Miskowiak 
et  al.21 found that EPO 40,000 IU infusion per 
week was effective in reducing depressive symp-
toms, improving quality of life, verbal recall, and 
recognition after 9 weeks, and these effects were 
sustained at follow-up week 14. Such effects 
might be related to changes in plasma level of 
brain-derived neurotrophic factor.22 Although 
promising, there is no double-blind placebo-con-
trolled study examining clinical efficacy of EPO 
in the treatment of clinical depression. Also, it is 
still unclear whether EPO administration can 
reduce the risk of depression in vulnerable popu-
lations, such as patients with ESKD.

In this study, we used a claims database consist-
ing of the nationwide population to determine 
whether EPO treatment changed the occurrence 
of depressive disorder in patients with ESKD on 
maintenance dialysis, with adjusting potential 
confounding factors in the population-based data 
sources.

Methods

Data source
Taiwan introduced a sole-payer National Health 
Insurance (NHI) program in 1995, and 99% of 
the 23 million Taiwanese population were 
enrolled in 2010. In 1996, the NHI in Taiwan 
established the National Health Insurance Research 
Database (NHIRD). The database from the NHI 
program constitutes the reimbursement medical 
claim files representative of the entire population 
in Taiwan. The NHIRD provides comprehensive 
information about the insured subjects, such as 
sex, date of birth, clinical diagnostic codes, visit-
ing medical institutions, and prescription records. 
The International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-
9-CM) was used for diagnostic codes. All investi-
gators signed an agreement guaranteeing patient 
confidentiality before using the database. All 
information from NHIRD that could be used to 
identify medical institutions or individual patients 
was scrambled to ensure confidentiality. A waiver 
was granted for informed consent due to the min-
imal risk to the privacy of the individual subjects. 
The protocol for this study was approved by the 
Institutional Review Board of Chang Gung 
Memorial Hospital (IRB No: 201801214B0).

Patient selection and definition
ESKD patients on maintenance dialysis were 
defined as having certification of catastrophic ill-
ness (ICD-9-CM: 585) and receiving dialysis for 
more than 90 days. In Taiwan, the status of cata-
strophic illnesses enables the co-payment for the 
treatment of the disease to be waived, and it 
declares the high severity of the diseases in Taiwan. 
In this study, the certification year of catastrophic 
illness indicated the year that ESKD first occurred. 
We established the following exclusion criteria to 
eliminate the confounding effects: (1) patients 
who had mood disorders (ICD-9-CM: 296, 311, 
or 300.4) or dementia (ICD-9-CM: 290 or 331). 
Patients who had dementia were excluded because 
there is a significant association between depres-
sion and dementia23 or cognitive decline.24 (2) 
Patients who had the certification of catastrophic 
illness before January 1998 or after December 
2012. (3) Patients who had been prescribed eryth-
ropoietin before they were issued the certification 
of catastrophic illness. (4) Patients on mainte-
nance dialysis who were aged <18 years .
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Demographic, clinical variables, and outcomes
We collected sex, age, certification year of cata-
strophic illness, physical comorbidity (hyperten-
sion, diabetes mellitus, dyslipidemia, vascular 
disease, and cancer), and benzodiazepines use, 
which increased the risk of depressive disorder.25 
The outcome of depressive disorders (ICD-
9-CM: 296.2, 296.3, 311, or 300.4) was defined 
as diagnosed at least twice by psychiatrists based 
on their diagnostic interview and clinical 
judgment.

Statistical methods and sensitivity analyses
Descriptive statistics were used to compare 
patients’ characteristics. We used independent 
t-tests and chi-square to compare continuous and 
categorical variables, respectively, between ESKD 
patients on maintenance dialysis without EPO 
(non-EPO) and with EPO treatment. For the 
outcome of depressive disorder, we constructed 
Cox proportional hazards regression models to 
calculate hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for the occurrence of such 
outcomes, which were further adjusted for poten-
tial confounders with sex, age, certification year, 
physical comorbidities, and benzodiazepine use. 
Association between both the outcome (depres-
sive disorder) and elevated mortality risk is well 
established in ESKD patients on maintenance 
dialysis.26 Therefore, subsequent competitive risk 
analysis of the association between the outcome 
and mortality was performed solely in the included 
patients.

We performed four sensitivity analyses to assess 
the robustness of our results. First, to further 
improve the diagnostic validity and stability, the 
threshold for the inclusion criteria was raised to 
diagnosis of depressive disorder at least four times 
by board-certified psychiatrists in model 1. 
Second, to increase the specificity of the outcome 
definition, we considered only depressive patients 
treated with antidepressants in model 2. Third, to 
avoid the short follow-up period hindering the 
occurrence of potential outcomes, we restricted 
the entry year of the study cohort to between 
2001 and 2005 and followed these patients until 
31 December 2013, in model 3. Fourth, to 
decrease residual confounding factors that may 
lead to a bias, we implemented 1:1 propensity 
score matching (PSM)27 for non-EPO and EPO 
cohorts in model 4. In addition, we conducted a 

dose-dependent analysis to assess the relation 
between EPO dose and risk of depression. In this 
part, we calculated the EPO average dose as a 
total EPO dose per week. We separated included 
EPO-treatment patients into low- (<500 IU per 
week), medium- (501–2000 IU per week), and 
high- (>2000 IU per week) dose groups, and 
used a low-dose group as a reference. All analyses 
were conducted with SAS 9.4 software (SAS 
Institute Inc., Cary, NC, USA), and a two-tailed 
p < 0.05 was considered statistically significant.

Results
Figure 1 depicts the processes to select the par-
ticipants in the study cohort. From 176,982 
patients having catastrophic illness certification of 
ESKD in the database, 161,690 were on dialysis 
for more than 90 days. After applying the exclu-
sion criteria, 80,325 patients were included in the 
analysis. Of these patients, 13,067 were in the 
EPO group and 67,258 were in the non-EPO 
group. The basic characteristics of included sub-
jects are described in Table 1. Compared with the 
non-EPO group, the EPO group were more likely 
to be female (non-EPO versus EPO: 46.8% versus 
50.5%) and younger (non-EPO versus EPO: 61.0 
years old versus 60.1 years old), but less likely to 
have co-morbid hypertension (non-EPO versus 
EPO: 83.9% versus 82.2%), diabetes mellitus 
(non-EPO versus EPO: 60.5% versus 58.3%), 
dyslipidemia (non-EPO versus EPO: 47.5% versus 
44.3%), vascular disease (non-EPO versus EPO: 
23.5% versus 22.2%), and benzodiazepines use 
(non-EPO versus EPO: 87.4% versus 85.8%). For 
cancer comorbidity, both groups had no signifi-
cant difference.

In the 404,438 person-years of follow-up, 5569 
ESKD patients during the follow-up period were 
diagnosed as depressive disorder, yielding a crude 
incidence rate of 13.77 per 1000 person-years. 
Table 2 demonstrates the occurrence of depressive 
disorder in the non-EPO and EPO groups. 
Compared with the risk of depressive disorder in 
the non-EPO group, we found that those with EPO 
treatment had no significant difference in adjusted 
HR [(aHR) 0.98 (95% CI 0.92–1.04), p = 0.499] 
after adjusting for sex, age, certification year, physi-
cal comorbidities, and benzodiazepine use, and 
competitive HR [(cHR) 0.99 (95% CI 0.93–1.05), 
p = 0.757] after considering mortality. In four sensi-
tivity analyses, only the cHR of depressive disorder 
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with antidepressant use and cohorts after PSM 
were significantly lower in ESKD patients with 
EPO treatment [model 2: cHR 0.91 (0.86–0.97), 
p = 0.004; model 4: cHR 0.79 (0.72–0.86), 
p < 0.001]. However, we found no significant 

differences in other sensitivity analyses, regardless 
of using a model of aHR or cHR [model 1: aHR 
1.03 (0.96–1.11), cHR 1.02 (0.95–1.10); model 3: 
aHR 0.98 (0.89–1.08), cHR 0.98 (0.89–1.08)]. In 

Figure 1. Flowchart showing the selection processes of study subjects.

Table 1. Characteristics of patients in non-erythropoietin and erythropoietin groups.

Characteristics Non-EPO n = 67,258 EPO n = 13,067 p

Sex <0.001

 Male 35,785 (53.21) 6469 (49.51)  

 Female 31,473 (46.79) 6598 (50.49)  

Age, years 60.99 ± 14.09 60.08 ± 14.31 <0.001

Certification year of catastrophic illness for ESKD <0.001

 1998–2002 21,530 (32.01) 5222 (39.96)  

 2003–2007 21,388 (31.80) 4991 (38.20)  

 2008–2012 24,340 (36.19) 2854 (21.84)  

Comorbidity

 Hypertension 56,432 (83.90) 10,741 (82.20) <0.001

 Diabetes mellitus 40,676 (60.48) 7615 (58.28) <0.001

 Dyslipidemia 31,958 (47.52) 5790 (44.31) <0.001

 Vascular disease 15,793 (23.48) 2900 (22.19) 0.001

 Cancer 9131 (13.58) 1807 (13.83) 0.441

Benzodiazepines use 58,763 (87.37) 11,214 (85.82) <0.001

Data were expressed as n (percentage) or mean ± standard deviation.
EPO, erythropoietin; ESKD, end-stage kidney disease.
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addition, the basic characteristics after PSM are 
shown in Supplemental material Table 1 online.

Table 3 shows the analysis of dose-dependent 
relationship of EPO average dose and depressive 
disorder in the erythropoietin group. The medium- 
and high-dose groups had a decreased risk in com-
parison with the low-dose group, but the result 
did not reach statistical significance [medium: HR 
0.92 (0.82–1.04), aHR 0.92 (0.82–1.04); high: 
HR 0.95 (0.82–1.09), aHR 0.91 (0.79–1.05)].

Discussion
In the current study, the real-world evidence in 
Taiwan shows that long-term administration of 
EPO to ESKD patients with maintenance dialysis 

was not associated with general risk of developing 
depression in these patients. This result persisted 
after we adjusted for potential variables including 
the sex, age, certification year, physical comor-
bidities, and benzodiazepine use of included sub-
jects. To our best knowledge, this is the first study 
exploring the association between EPO treatment 
and the risk of depression.

Accumulating evidence has suggested that EPO is 
a potential target for the treatment of depression, 
including mood and cognitive symptoms.13,20 
Although one study had found that recombinant 
human EPO infusion can improve depressive 
symptoms and some cognitive functions in 
patients with treatment-resistant depression,21 
there is no open trial or double-blind, 

Table 2. Primary outcome and four sensitive analyses of patients in non-erythropoietin and erythropoietin groups.

Outcome No. of events Person-years Incidence rate of 
depressive disordera

Adjusted HRb,c p Competitive HRb p

Primary

 Non-EPO 4188 329,822 12.70 (12.32–13.09) 1.00 (Reference) 1.00 (Reference)  

 EPO 1381 74,616 18.51 (17.56–19.51) 0.98 (0.92–1.04) 0.499 0.99 (0.93–1.05) 0.757

Model 1d

 Non-EPO 2938 329,822 8.91 (8.59–9.24) 1.00 (Reference) 1.00 (Reference)  

 EPO 1017 74,616 13.63 (12.82–14.49) 1.03 (0.96–1.11) 0.409 1.02 (0.95–1.10) 0.555

Model 2e

 Non-EPO 3751 329,822 11.37 (11.01–11.74) 1.00 (Reference) 1.00 (Reference)  

 EPO 1276 74,616 17.1 (16.19–18.07) 0.96 (0.90–1.03) 0.225 0.91 (0.86–0.97) 0.004

Model 3f

 Non-EPO 1669 129,323 12.91 (12.3–13.54) 1.00 (Reference) 1.00 (Reference)  

 EPO 585 32,595 17.95 (16.55–19.46) 0.98 (0.89–1.08) 0.702 0.98 (0.89–1.08) 0.649

Model 4g

 Non-EPO 1186 70,163 16.90 (15.97–17.89) 1.00 (Reference) 1.00 (Reference)  

 EPO 850 73,158 11.62 (10.86–12.43) 1.07 (0.98–1.17) 0.129 0.79 (0.72–0.86) <0.001

aIncidence rate is expressed as event number per 1000 person-years.
bHR is expressed as ratio with 95% confidence interval.
cAdjusted for sex, age, certification year of catastrophic illness for end-stage kidney disease, all comorbidities, benzodiazepines use.
dModel 1 included only patients with depressive disorder who were diagnosed at least four times by board-certified psychiatrists.
eModel 2 included only patients with depressive disorder treated with antidepressants.
fModel 3 limited the entry year of the study cohort to between 2001 and 2005 and following these patients until 31 December 2013.
gModel 4 reanalyzed primary outcome after matching and non-EPO and EPO cohorts.
EPO, erythropoietin; HR, hazard ratio.
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placebo-controlled study to examine the response 
and remission rate of EPO for treating depressive 
disorder. When looking at cognitive functions, 
EPO was found to improve memory functions 
and speed of complex cognitive processing in 
patients with treatment-resistant depression and 
remitted bipolar disorder,28,29 and the efficacy 
was associated with baseline cognitive or memory 
impairment.29,30 Consistently, one recent nation-
wide population-based study found EPO treat-
ment was associated with lower risk of general 
dementia, vascular dementia, and unspecified 
dementia in patients receiving hemodialysis, but 
not with Alzheimer’s disease.31 Together with our 
study, although EPO has not been proved to have 
therapeutic or preventive effect for depressive dis-
order, its neurotrophic and neuroprotective func-
tions may be related to improvement of depressive 
symptoms and cognitive functions in patients 
with neuropsychiatric deficits or systemic dis-
eases, such as mood disorders and ESKD. In the 
dose-dependent analysis, we found the medium- 
and high-EPO dose groups had a decreased risk 
of depression in comparison with the low-dose 
group. Although not significant, this result sug-
gests that a higher dose of EPO should be consid-
ered in future clinical studies examining its effect 
in reducing depressive symptoms.

Depression is one of the most frequent co-morbid 
conditions of CKD patients. According to one 
meta-analytic study by Palmer et al.,32 the preva-
lence rate of interview-based depression was 22–
26% in patients with CKD, and the rate of 
depressive symptoms by self- or clinician-admin-
istered rating scales was 26–39%. For both types 
of assessment, the prevalence rate is higher in 
patients with dialysis or with kidney transplanta-
tion than earlier stage CKD patients.32 They sug-
gested that self-report scales may overestimate 

the presence of depression, particularly in the 
dialysis setting. Also, the prevalence of depression 
is associated with the severity of CKD.32,33 Early 
recognition and treatment of depression are 
important because it did not only reduce health-
related quality of life,34 but also increased the 
mortality rate in patients with CKD,35 and in 
patients receiving long-term dialysis.36

Anemia is also a common complication in patients 
with CKD, and it develops gradually and gets 
more severe as kidney disease progresses.37 Its 
prevalence is approximately 42% in patients with 
stage 3 CKD, increasing to approximately 76%  
in ESKD.38 Erythropoiesis-stimulating agents 
(including EPO) and adjuvant iron therapy are 
the primary treatment for anemia in both dialysis 
and non-dialysis CKD patients.39 In our study, 
we limited our included subjects to ESKD 
patients on maintenance dialysis, defined as hav-
ing certification of catastrophic illness, to ensure 
an accurate diagnosis of severe CKD. The inclu-
sion of only ESKD patients may result in a ceiling 
effect of EPO in changing the risk of subsequent 
depression. It is probably difficult to see a neuro-
trophic or neuroprotective effect of EPO in an 
environment with highly disordered metabolic 
homeostasis in ESKD patients with dialysis. This 
effect might be observed in CKD at an earlier 
stage.

The strength of this study is its population-based 
survey with large sample size, with good follow-up 
throughout. Also, this study utilized retrospective 
follow-up design and depression as a diagnosis 
done by a psychiatrist and not based on a self-
rated questionnaire, thus providing a good schema 
to compare the outcome in patients with and 
without EPO treatment. However, several limita-
tions should be noted when interpreting our 

Table 3. Dose-dependent outcome of patients in erythropoietin group.

EPO average dosea HRb p Adjusted HRb,c p

1–500 IU 1.00 (Reference) 1.00 (Reference)  

501–5000 IU 0.92 (0.82–1.04) 0.192 0.92 (0.82–1.04) 0.178

>5000 IU 0.95 (0.82–1.09) 0.433 0.91 (0.79–1.05) 0.202

aEPO average dose is expressed as total EPO dose per week.
bHR is expressed as ratio with 95% confidence interval.
cAdjusted for sex, age, certification year of catastrophic illness for end-stage kidney disease, all comorbidities, 
benzodiazepines use.
EPO, erythropoietin; HR, hazard ratio; IU, international unit.
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results. First, some anemic patients can be asymp-
tomatic and thus might not visit the clinic, thereby 
eluding diagnosis; therefore, the incidence of EPO 
use in the non-anemic controls was probably over-
estimated because of the presence of these asymp-
tomatic patients. Second, our study was 
observational in nature and cannot prove causal 
relation. Although we adjusted for common health 
conditions, it is possible that subclinical disease 
may also have contributed to depressive symp-
toms. Third, we limited the included subjects to 
ESKD patients with dialysis. It is not clear whether 
EPO treatment changes the risk of depressive dis-
order in CKD patients at an earlier stage. Fourth, 
the study used insurance claims database, so many 
important clinical characteristics, such as patients’ 
socioeconomic status, family function, and smok-
ing status, were not available. Moreover, we 
implemented a propensity score matching to 
decrease potential bias from the database, but bias 
could exist in the data. Finally, although our result 
did not support a preventive effect of EPO treat-
ment from depression, EPO’s multiple effects, 
including improving symptoms of anemia, reduc-
ing the number of patients needing blood transfu-
sion, tissue protectors in multiple organs, and 
raising the quality of life, all may improve depres-
sive symptoms in the clinical setting.

Conclusion
In summary, through the analysis of the nation-
wide-wide reimbursement data in Taiwan, we 
found that EPO treatment in patients with ESKD 
was not associated with their general risk of devel-
oping depressive disorder, and it did not provide 
a preventive effect from depression. These results 
could be an essential reference related to the clini-
cal practice of taking care of patients with chronic 
renal disease. Clinicians should be careful about 
the possible high risk of depression even the 
ESKD patients have received EPO treatment.
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