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Abstract OBJECTIVE: Chronic inflammation plays a pivotal role in the development of 
renal disease. Circadian sleep-wake rhythm is disturbed in renal disease. Aware-
ness of other disturbed rhythms, such as inflammation processes, can affect the 
treatment of patients with renal disease. Knowledge of possibly related circadian 
misalignment of the cytokines erythropoietin (EPO), Insulin Growth Factor-1 
(IGF-1) and interleukins (IL) however is limited. We therefore performed an 
observational study. The objective of this study was to characterize levels of EPO, 
IGF-1 and inflammation markers IL-6 and TNF-α, related to renal function. 
METHODS: The study population consisted of patients with various degrees of 
renal function, admitted to our hospital. During 24 hours, blood of 28 subjects 
with various degrees of renal function was collected every 2 hours. The patients 
were stable, not acutely ill and they were waiting for a procedure, such as elective 
surgery. Circadian parameters of EPO, IGF-1, IL-6 and TNF-α were measured in 
serum and were correlated with glomerular filtration rate (GFR) and Hb, using 
Pearson correlations. RESULTS: Although diurnal variations in EPO level were 
found in 15 out of 28 patients, the curves did not show a consistent phase. The 
presence of an EPO rhythm was not related to GFR. No diurnal rhythm could be 
detected for IGF-1, IL-6 and TNF-α. Mean levels of IGF-1 were correlated inversely 
to mean levels of EPO (p=0.03). When divided based on GFR and Hb subjects 
with GFR 10–30 ml/min and lower Hb had the highest IGF-1 levels (p=0.02). A 
relationship between Il-6, TNF-α and EPO or GFR was not found. CONCLUSION: 
The existence of a circadian (mis)alignment of EPO, IGF-1, IL-6 and TNF-α was 
not found. The association between high IGF-1 and low Hb suggests that EPO and 
IGF-1 have an alternating role, dependent on GFR, in stimulating erythropoiesis. 
These results could have consequences for the treatment of anemia. 
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INTRODUCTION
Patients with chronic kidney disease exhibit markedly 
disrupted circadian body functions. For example, the 
diurnal blood pressure rhythm is disturbed in renal 
patients, showing a nocturnal non-dipping profile 
(Elung-Jensen et al. 2008), which is associated with 
increased cardiovascular mortality (Clement et al. 
2003). The nocturnal endogenous melatonin rise, which 
is associated with the onset of nocturnal sleep propen-
sity, is decreased in patients with reduced GFR and 
completely absent in hemodialysis patients (Koch et al. 
2010; Karasek et al. 2005; Koch et al. 2009). Melatonin 
secretion is governed by the suprachiasmatic nucleus 
(SCN) in the hypothalamus. Importantly, in addition 
to the central endogenous timing system, in peripheral 
cells oscillators share a similar core clock based on tran-
scriptional activators (such as Clock), and of feedback 
repressors (such as Cry1, Cry2). Thus, circadian oscil-
lations of the core clock entrain circadian rhythms in 
expression of output genes in peripheral cells, which 
are, in turn, translating these transcriptional oscilla-
tions into tissue-specific functional rhythms (Firsov 
& Bonny 2010). Recently it was shown that Clock defi-
cient mice and (Cry1,Cry2) double knockout mice had 
marked, “clinically important”, disturbances in water or 
sodium homeostasis.

Renal disease is, in addition to loss of melatonin 
rhythm, associated with anemia, erythropoietin (EPO) 
deficiency, and with inflammation, endothelial dys-
function and EPO resistance. The endothelium is an 
important non-hematological target of EPO (Congote 
et al. 2010) and both anemia and EPO resistance are 
important predictors of cardiovascular complications 
and mortality in CKD. It is unknown whether changes 
in circadian rhythms and loss of melatonin secretion 
in CKD are associated with changes in EPO effect 
and/or rhythm. Associations between melatonin and 
erythropoietin rhythm have been published (Vaziri et 
al. 1996) and erythropoietin response in the treatment 
of anemia in chronic renal disease is influenced by the 
time of administration (Buemi et al. 1993). There are 
several additional reasons that support the existence 
of a circadian rhythm of EPO and other cytokines. 
The primary stimulus for EPO production is (lack 
of) oxygen availability. The fact that during the night 
the metabolic requirement for oxygen is lower, could 
lead to decreased levels of EPO during nighttime. To 
our knowledge, no information is available on whether 
IGF-1 exhibits a circadian rhythm. IGF-1 is produced 
mainly in the liver under the influence of growth hor-
mone (GH), which is, however, secreted pulsatile in a 
circadian fashion (Stratakis et al. 1996). An increase in 
IL-6 and TNF-α has been associated with an increased 
need in exogenous EPO (Macdougall & Cooper 2005). 
In healthy volunteers the concentration of Il-6 is regu-
lated in a circadian fashion with peak levels in the early 
morning and early evening and through levels later in 

the morning and at night. TNF-α has shown to have 
peak levels at night (Vgontzas et al. 2002). 

We therefore asked the question whether changes 
in circadian rhythms and loss of melatonin secretion 
in CKD is associated with changes related to EPO and 
modulators of its erythropoietic effect. In the present 
study we examined the circadian (mis) alignment of the 
cytokines erythropoietin (EPO), Insulin-like Growth 
Factor-1 (IGF-1, co-factor in erythropoiesis (Brox et 
al. 1996) and inflammatory markers (related to EPO 
resistance (van der Putten et al. 2008)), in comparison 
to changes in melatonin rhythm, in chronic kidney 
disease. 

MATERIAL AND METHODS
Subjects
The study population consisted of patients with various 
degrees of renal function (n = 32, age 71±7, 29% female), 
admitted to our hospital. The patients were stable, not 
acutely ill and they were waiting for a procedure, such 
as elective surgery. The inclusion and exclusion criteria 
are outlined in Table 1. The Medical-Ethical Committee 
approved the protocol of the study (ClinicalTrials.gov: 
NCT00698360), and informed consent was obtained 
from all subjects. 

Study protocol
Over a 24-hour period, blood samples for measure-
ment of serum EPO, total IGF-1, TNF-α and IL-6 were 
collected every 2–3 hours (access via a permanent 
peripheral intravenous cannula) in 6-ml serum tubes 
and allowed to clot for 10 minutes at room tempera-
ture. Thereafter, samples were immediately centrifuged 
and separated in 1 ml-aliquots and stored at –70 °C 
until assay. In addition, blood was withdrawn in a 3-ml 
EDTA tube for measurement of hemoglobin (Hb) in 
supine position after 0, 12 and 24 hours. 

Tab. 1. Inclusion and Exclusion Criteria.

Inclusion Criteria

Age >18 years, <85 years

GFR-Cockcroft-Gault >10 ml/min

Exclusion Criteria

Acute renal failure (Δ GFR-Cockroft >10 ml/min in 2 proceeding weeks)

Instable Angina Pectoris 

Heart failure NYHA class IV

Hypoxia (SO2 < 95%)

Treatment with erythropoietin, melatonin or hypnotics

Deficiency of iron, folate and/or vitamin B12 

Hemoglobinopathies, bleeding or hemolysis as a cause of anemia

Chronic inflammatory disease or clinically significant infection

Alcohol and/or drug abuse
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Measurements
Medical history and medication use were recorded 
and blood pressure was measured in all participants. 
Serum EPO levels were measured by a two-site sand-
wich chemiluminescent immunoassay on an IMMU-
LITE 2000 platform (Siemens Healthcare Diagnostics, 
Breda, the Netherlands) having an inter-assay CV of 
7.2% at 16 IU/l. Total IGF-1 levels were measured using 
an enzyme-labeled chemiluminescent immunomet-
ric assay on an IMMULITE 2000 platform (Siemens 
Healthcare Diagnostics, Breda, the Netherlands) with 
an inter-assay CV of 6.9% at 128 ng/ml. Levels of Cys-
tatin-C were measured once at the start of the study, by 
means of the N-Latex Cystatin-C assay and a PROspec 
nephelometer (Siemens Healthcare Diagnostics, Breda, 
the Netherlands) having an inter-assay CV of 2.2% at 
0.90 mg/l. All samples originating from one subject 
were analyzed in the same run. IL-6 and TNF-alpha are 
measured by means of an ELISA kit (enzyme immu-
noassay, Pelikine™. The sensitivity for IL-6 is 0.3 pg/ml, 
and no cross-reactivity is observed. The sensitivity 

for TNF-alpha is 1–3 pg/ml, and no cross-reactivity 
is observed. Furthermore, standard laboratory testing 
was performed. Glomerular Filtration Rate (GFR) was 
calculated according to the Cockcroft-Gault method.

Statistical analysis
The sample size was based on an analysis of statistical 
power using data of a pilot study on the relationship 
between circadian EPO rhythm and renal disease in 
pre-terminal uremia (Buemi et al. 1993). Given the 
prior variances and mean difference in EPO amplitude 
between healthy subjects and pre-dialysis patients, a 
sample of n=32 was chosen to obtain a power of 0.90 
at an alpha of 0.05). For IGF-1 rhythm detection, previ-
ous studies that demonstrated circadian rhythms used 
a sample size of n=6 (Stratakis et al. 1996; Heuck et al. 
1999). 

The existence of a circadian rhythm was examined 
fitting of a cosine function to time series (Van Some-
ren & Nagtegaal 2007). In case of non-symmetrically 
distributed parameters, the data were log-transformed 
before correlation calculations were performed. This 
was the case for Cystatin-C, mean EPO levels, EPO 
amplitude and mean IGF-1, IL-6 and TNF-α levels. 
Continuous variables were compared using unpaired 
t-tests and categorical variables were compared using 
Fishers’ Exact Test. Data regarding EPO and IGF-1, 
IL-6 and TNF-alpha rhythm/production were cor-
related with GFR and Hb using Pearson correlations. 
P-values <0.05 were considered to represent statistical 
significance. The Statistical Package for Social Sciences 
(SPSS, Chicago, IL, USA) version 17 was employed for 
all statistical analysis. 

RESULTS
The 24-hour study period was completed by 28 sub-
jects, as hospital discharge and problems with blood 
flow through the cannula resulted in missing a signifi-
cant amount of data in 4 patients. The general charac-
teristics of the subjects are displayed in Table 2.

EPO
In 15 out of the 28 subjects, a significant cosine rhythm 
was present for EPO (Table 3). However, the acrophase 
(time of peak concentration) varied widely among 
these subjects. No determinants for the existence of 
an EPO rhythm could be identified. The presence of 
an EPO rhythm was not related to GFR (p=0.46) and 
no correlation was found between amplitude of EPO 
rhythm and GFR (p=0.10). Furthermore, no relation 
was found between the presence of an EPO rhythm 
and several general characteristics of the study popula-
tion (CKD cause, gender (p=0.69), age (p=0.54), BMI 
(p=0.85), diabetes mellitus (DM) (p=1.00), smoking 
(p=0.60)). Also, no relation was found between EPO 
rhythm and medication use (beta-blocking agents 
(p=1.00), ACE-inhibitors (p=0.70), acetylsalicylic acids 

Tab. 2. Baseline Characteristics (n=28)*

Variable

Age (years) 71 ± 7

Gender (M:F) 71 : 29

BMI (kg/m2)

 Median 25.8

 Interquartile range 24–28

Diabetes (%) 29

Smoking (%) 14

Systolic blood pressure (mmHg) 125 ± 20

Diastolic blood pressure (mmHg) 73 ± 14

Hemoglobin (g/dL) 13.3 ± 1.4

GFR-Cockcroft (ml/min) 57 ± 30

Cystatin C (mg/l)

 Median 1.01

 Interquartile range 0.79–1.98

*Plus-minus values are means ± SD.
Co nversion factors for units: serum haemoglobin in g/dl to g/L x10; 
serum GFR in mL/min/1.73 m2 to mL/s/1.73 m2 × 0.01667. 

Tab. 3. EPO rhythm characteristics (n=15).

Variable Median [interquartile range]

EPO level (IU/l) 8.9 [7.8–15.7]

Peak EPO level (IU/l) 12.0 [9.4–20.4]

Acrophase (hours after midnight) 14.2 [10.3–22.1]

Amplitude (IU/l) 2.7 [1.5–3.3]
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(p=0.71)). As expected, the mean EPO levels for all 
28 subjects were correlated to GFR (r=0.52, p=0.005) 
and to levels of Cystatin-C (r=–0.52, p=0.005). Mean 
levels of EPO for all subjects were not correlated to Hb 
(p=0.29). 

IGF-1
Cosine curve fitting of the IGF-1 time series did not 
reveal a clear rhythm for IGF-1 in any of the sub-
jects. On an individual basis, there was some time-
of-day variation in levels of IGF-1. However, no 
systematic peak time range was found. Mean levels of 
IGF-1 did not correlate to GFR (p=0.26) or to Cystatin-
C (p=0.08), but interestingly, mean levels of IGF-1 did 
correlate inversely to mean levels of EPO (r=–0.41, 
p=0.03) (Figure 1). Levels of IGF-1 did not correlate to 
Hb (p=0.68). To determine the relation between IGF-1, 
Hb and GFR, participants were divided into six groups 
based on the degree of CKD (GFR 10–30, 31–60, > 
60) and Hb lower/higher than 12.6 g/dL. Subjects with 
GFR 10–30 ml/min and a low Hb had the highest IGF-1 
levels (p=0.02, ANOVA) (Figure 2). 

IL-6 and TNF-α
Cosine curve fitting of the Il-6 and TNF-α time series 
did not reveal a clear circadian rhythm in any of the 
subjects. The mean level of IL-6 was 9.6 pg/ml (normal 
< 9.7 pg/ml) and the mean level of TNF-α was 0.8 pg/ml 
(normal < 2 pg/ml). On an individual basis, there was 
some time-of-day variation in levels of IL-6. However, 
no systematic peak time range was found. Mean levels of 
Il-6 and TNF-α did not correlate with EPO, IGF-1 and 
GFR (all p>0.1). There seemed not to be an association 
between mean levels of IL-6 and Hb (p=0.1, r=0.49). 
Furthermore, no other relationships were found. 

DISCUSSION
The main finding of our study is that circadian (mis)
alignment for cytokines EPO, IGF-1 and inflamma-
tion is not a consequence of the degree of chronic renal 
disease, in contrast to melatonin rhythm (Koch et al. 
2010). Secondly, circadian rhythms of these parame-
ters or associations between these parameters amongst 
themselves could not be identified. Interestingly, mean 
levels of IGF-1 correlated inversely to mean levels of 
EPO. Subjects with the greatest decrease in renal func-
tion and the lowest Hb levels had the highest IGF-1 
levels.

EPO
In the present study we found no clinical significant 
circadian EPO rhythm. EPO is a glycoprotein that acts 
to prevent the programmed cell death of erythroid pro-
genitor cells in the bone marrow, thereby stimulating 
these cells to proliferate and mature (Fisher et al. 1996). 
EPO is mainly produced in the kidney by peritubular 
cells (Fisher 2003) and the primary stimulus for its pro-

duction is hypoxia (Scortegagna et al. 2005). In chronic 
renal disease, production of EPO is disrupted, which 
is one of the main reasons for anemia in chronic renal 
disease patients (van der Putten et al. 2008). 

It is unclear whether EPO is regulated in a circadian 
manner in healthy persons (Roberts & Smith 1996; 
Klausen et al. 1993). With exception of one small series 
of 5 uremic patients (Buemi et al. 1993), no study has 
been performed on a circadian rhythm of EPO in CKD. 
In our study, we found diurnal variations for EPO in 
15 of the 28 subjects. The peak times however varied, 
and therefore it is unlikely that EPO levels are regu-
lated intrinsically in a circadian fashion. No relation 
was found between the presence of an EPO rhythm and 
the degree of renal disease. Our search for additional 
factors that could influence EPO levels did not reveal 

3.50

3.50

3.00

2.50

2.00

1.50

4.00

4.00

4.50 5.00 5.50 6.00

Lo
g 

m
ea

n 
EP

O
 le

ve
ls

 (I
U

/l)

Log mean IGF levels (ng/ml)

R Sq Linear = 0.171

0

50

100

150

200

250

300

GFR 10–30 
ml/min

GFR 31–60
ml/min

GFR >60
ml/min

Hb<12.6 g/dl

M
ea

n 
IG

F 
le

ve
ls

 (n
g/

m
l) Hb>12.6 g/dl

Fig. 1. Correlation between levels of IGF-1 and EPO.

Fig. 2. Relations between IGF-1, Hb and GFR. Means ± SD are shown.
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any other determinants for the existence of a rhythm 
for EPO. It thus remains unclear why the 15 subjects 
in our study did demonstrate an EPO rhythm, while 
the other 13 subjects did not. A possible explanation 
could be that in the subjects with an EPO rhythm, 
more fluctuations in blood pressure were present, as 
blood pressure is related to EPO levels (Schmieder et al. 
1997). Unfortunately, the frequency of blood pressure 
measurements that we used was too low to detect such 
fluctuations. Another possible explanation could be the 
presence of unrecognized sleep apnea. In sleep apnea, 
the diurnal variation in EPO levels is higher than in 
healthy persons due to nocturnal hypoxemia (Cahan et 
al. 1992). In our study, we did not perform nocturnal 
oxygen measurements. 

IGF-1
In the present study we have found no significant IGF-1 
rhythm. IGF-1 has been shown to exhibit EPO-like 
erythropoietic activity (Correa & Axelrad 1991). IGF-1 
is produced in the liver under the influence of GH. In 
chronic renal disease, the release of GH is increased 
and the metabolic clearance rate is decreased, leading 
to increased circulating levels of GH (Haffner et al. 
1994). This would lead to higher levels of IGF-1, how-
ever in CKD, IGF-1 synthesis in the liver is impaired. 
Despite ensuing normal IGF-1 levels, the effectiveness 
of IGF-1 is reduced. This is due to decreased levels of 
free bioactive IGF-1, as levels of circulating inhibitory 
binding proteins are higher (Tonshoff et al. 1997). 

To our knowledge, no information is available on 
whether IGF-1 exhibits a circadian rhythm in healthy 
adults and in patients with chronic renal disease. In 
our study, we were unable to demonstrate a circa-
dian rhythm for IGF-1 in subjects with a decreased 
GFR. We also found no rhythm for IGF-1 in sub-
jects with a normal GFR. Possibly the relatively old 
age of our study population (mean age 71.3 yrs) has 
influenced our results. At the age of 65 years, daily 
spontaneous GH secretion is reduced by 50–70%, 
leading to a decline in IGF-1 levels (Lombardi et al. 
2005). Theoretically, this could lead to an increased 
difficulty in detecting a circadian rhythm. Another 
explanation for the absence of an IGF-1 rhythm in 
our study could be the relatively high prevalence 
(29%) of DM amongst the subjects, as DM is associ-
ated with lower levels of IGF-1 (Lissoni et al. 2004). 

EPO and IGF-1
Mean levels of IGF-1 were correlated inversely to mean 
levels of EPO. When divided based on GFR and Hb, 
subjects with the lowest GFR 0–30 ml/min and lowest 
Hb levels had the highest IGF-1 levels. 

Brox et al showed that EPO and IGF-1 act synergisti-
cally on erythropoiesis in a mouse model of CKD (Brox 
et al. 1996) in inducing a substantial rise in Hb. In addi-
tion, several possible feedback mechanisms between 
EPO production and IGF-1 secretion have been sug-

gested (Lissoni et al. 2004; Sohmiya & Kato 2005). In 
our study, the fact that mean levels of IGF-1 correlated 
inversely to mean levels of EPO and that subjects with 
the greatest decrease in CKD and a relatively low Hb 
had the highest IGF-1 levels, suggests that EPO and 
IGF-1 both have a role on erythropoiesis in CKD. Taken 
together, it is possible to speculate that IGF-1 consti-
tutes a synergistic role with EPO in erythropoiesis and 
that when EPO falls a compensatory increase of IGF-1 
occurs. However, until now the therapeutic applica-
tion of IGF-1 is limited by the difficulty of assessing 
pituitary functional status in CKD patients, and the 
interaction with IGF-binding proteins that determine 
its bioavailability. 

IL-6 and TNF-α 
In the present study we found no circadian IL-6 and 
TNF-α rhythm, Inflammation, in this study charac-
terized by IL-6 and TNF-α, has been linked to EPO-
resistance and renal disease. An increase in IL-6 and 
TNF-α has been associated with an increased need 
in exogenous EPO (Macdougall & Cooper 2005). In 
healthy volunteers the concentration of Il-6 is regu-
lated in a circadian fashion with peak levels in the early 
morning and early evening and through levels later in 
the morning and at night (Vgontzas et al. 2002). TNF-α 
has shown to have peak levels at night. In a study with 
60 patients with chronic renal disease IL-6 was signifi-
cantly increased in comparison to the healthy control 
group. Information on times of blood collection was 
not available (Oberg et al. 2004). Knowledge on TNF-α 
levels in renal disease is absent. In our patient group 
IL-6 levels were raised in contrast to TNF-α levels. No 
circadian rhythm in IL-6 was found, and furthermore 
no relationship was found between inflammation and 
EPO levels or IGF-1 levels. This finding is in keeping 
with another study that showed no association between 
GFR and IL-6 (Oberg et al. 2004). 

CONCLUSION
In conclusion, we failed to substantiate our hypothesis 
that the GFR related decrease in melatonin rhythm is 
associated with circadian changes in EPO levels, in the 
levels of IGF (a co stimulator of EPO) and/or in the 
levels of inflammatory markers (inhibitors of the action 
of EPO). Furthermore we could not identify the main 
driving factor for rhythmic fluctuations in endogenous 
EPO levels on the basis of the results of this study. Due 
to the varying peak times, it is unlikely that it concerns 
a circadian (mis)alignment, therefore providing no 
reason for specific timing of administration of exog-
enous EPO. Also for IGF-1, TNF-α and IL-6 levels, we 
were unable to identify a rhythm in any of the patients. 
Finally, the correlation between IGF-1 and EPO as well 
as the association between IGF-1, Hb and renal func-
tion warrants future research on the role of IGF-1 in 
CKD patients with persistent anemia. 
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