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ABSTRACT 

Background:  
Hepcidin production is regulated by factors 
including plasma iron levels, inflammation, 
anaemia and hypoxia. In late pregnancy, 
hepcidin level is remarkably low. This study 
assesses the dominant factors regulating 
hepcidin production in late pregnancy.  

Aim and Objectives:  
To evaluate the relationship between 
hepcidin levels, haematological 
parameters and body iron stores in late 
pregnancy.  

Materials and Methods:  
Ten millimeters of venous blood was taken 
from 120 apparently healthy pregnant  

 

women between 28 weeks gestational age 
and delivery, to determine their 
haemogram, reticulocyte count; and 
plasma ferritin, C-reactive protein, and 
hepcidin concentrations. All patients with 
chronic illnesses and on-going 
inflammatory conditions were excluded. 

Results:  
One hundred and twenty pregnant women 
were recruited, sixty were anaemic and 
sixty were non-anaemic, with mean age 

26.98±4.24years vs 28.40 ± 3.60 years, t 

= 75.9, p<0.001. The haemoglobin 
concentration (8.50 ± 0.68g/dl vs 10.8 ± 
0.73g/dl; F=339.0, p < 0.001), absolute 
reticulocyte count (19.2 ± 8.55 x109/L vs 
31.8 ± 8.68 x109/L; F=61.995, p<0.001), 
plasma ferritin (15.4 ± 7.88ng/ml vs 23.74 
± 17.1ng/ml; F=11.75, p=0.001) and 
hepcidin levels (509.8 ± 297 pg/ml vs 657.9 
± 255 pg/ml; F=8.59, p=0.004) were 
significantly lower in the anaemic group 
compared to the non-anaemic group. Of all 
the measured parameters, haemoglobin 
concentration (r = 0.379; p<0.003) and 
plasma ferritin (r = 0.409, p = 0.001) in the 
anaemic group correlated significantly with 
hepcidin value. 

Conclusion:  
This study confirms that plasma ferritin as 
well as haemoglobin concentration 
significantly regulate hepcidin production in 
late pregnancy in this cohort of patients. 
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INTRODUCTION 

Hepcidin is an iron regulatory hormone 
synthesized mainly in the liver.[1] It is 
involved in iron homeostasis by controlling 
the efflux of iron from the intestinal 
enterocytes, placenta and reticuloendothelial 
macrophages, therefore decreasing plasma 
iron concentrations and systemic iron 
availability.[2] Obstetric complications 
secondary to anaemia is a major health 
burden in the developing countries and iron 
deficiency anaemia (IDA) is the most 
common form of anaemia in pregnancy.[3,4] 
Pregnancy is a physiological condition that 
put high demand on body iron stores. Iron 
deficiency anaemia is a major medical 
challenge in late pregnancy in developing 
countries; mainly because of haemodilution 
of pregnancy putting high demand on 
erythropoiesis, as well as the magnitude of 
iron needed to sustain the placenta and the 
growing foetus despite poor iron stores.[5] It 
therefore constitutes a major challenge to 
developing countries as a common cause of 
obstetric complication, both for the foetus 
and the mother; with a resultant high 
maternal mortality rate.[6,7,8] Hepcidin 
production is regulated by plasma iron levels, 
inflammation, anaemia and hypoxia.[9,10] In 
physiological conditions, plasma iron and 
iron stores regulate hepcidin production; and 
hepcidin correlates strongly with iron 
parameters. However, in pathological 
conditions, hepcidin production has been 
found to be regulated by other conditions.[1] 
For example, in inflammation, the hepcidin-
inflammation axis overrides the hepcidin-iron 
axis and inflammation causes increased 
production of hepcidin, despite poor iron 
bioavailability, explaining the 
pathophysiology of anaemia of inflammation. 
Also, in hypoxic conditions, sensing hypoxia 
has been associated with reduced hepcidin 
production in the body. Anaemia is another 
condition that has been associated with 
lowered levels of plasma hepcidin. This 
condition of anaemia is exaggerated in late 
pregnancy. Late pregnancy is associated 
with both iron depletion and reduced 
haemoglobin levels due to several factors 
like placenta sustainability, foetal growth 
spur and reduced maternal red cell mass 
secondary to haemodilution.[11] This study, 
therefore, assesses the dominant axis 
regulating hepcidin production in late 

pregnancy by evaluating the relationship 
between hepcidin levels, haematological 
parameters and body iron stores in late 
pregnancy. 

MATERIALS AND METHODS 

It is a hospital-based, cross-sectional study, 
carried out in Ladoke Akintola University of 
Technology Teaching Hospital and the State 
General hospital, Ogbomoso. Subjects were 
enrolled consecutively over a period of three 
months in the two hospitals’ antenatal clinics. 
These hospitals are the major health care 
centers serving the town and its environs in 
terms of tertiary obstetric care.[12] One 
hundred and twenty subjects were recruited 
into the study. Following patient’s education 
and informed consent, sixty pregnant women 
in third trimester, who had haemoglobin 
concentration of 10g/dl and above, and 
without any clinical evidence of on-going 
inflammatory condition were recruited into 
the non-anaemic group. The second group 
comprises pregnant women in third trimester 
with haemoglobin concentration less than 
10g/dl, and with no clinical evidence of 
ongoing inflammatory condition. This group 
is the anaemic pregnant women group. 
Pregnant women with any form of obstetric 
complications, acute or chronic illnesses and 
less than 18 years were excluded. Ethical 
approval was obtained from the Research 
and Ethics Committee of Ladoke Akintola 
University of Technology Teaching Hospital 
Ogbomoso, the Oyo State Ethical 
Committee at the State Secretariat Ibadan, 
and from the Research and Ethics 
Committee of State Hospital Ogbomoso. Ten 
milliliters of venous blood were obtained from 
each participant; 4.5ml was dispensed into 
EDTA bottle for reticulocyte count estimation 
using the New Methylene Blue stain, and 
complete blood count using standard 
operating procedure on the BC 3200 auto-
haematology analyzer. The remaining 5.5ml 
of blood was dispensed into lithium heparin 
bottle for plasma ferritin (PF), C-reactive 
protein (CRP) and hepcidin assays using 
ELISA method. The sample in the lithium 
heparin bottle was centrifuged at 4000 r.p.m. 
for 15 minutes within two hours of sample 
collection. The plasma was aliquoted into 
labelled tubes and stored at -20oC until 
analysed for hepcidin, plasma ferritin, and C- 
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reactive protein following manufacturers’ 
instructions.  Data was analyzed using the 
Statistical Package for Social Sciences 
(SPSS) for Windows version 21.0 (IBM 
Company, Chicago, IL). Numerical values 
were reported as means ± standard 
deviation (SD) for evenly distributed data and 
as median (IQR) for skewed data. Bivariate 
analysis was used for the continuous 
variables. Spearman’s correlation test was 
used to find correlation between hepcidin 
and the measured parameters. A p-value 
<0.05 was used to define as statistically 
significant. 

RESULTS 

The mean (SD) age of the studied population 

was 27.69±3.99 years. The mean (SD) age 

in the anaemic group (26.98±4.24 years) 

was significantly lower than that of the non-

anaemic group (28.40 ± 3.60 years; t = 75.9; 

p<0.001). Table 1 shows the values of 

plasma hepcidin and ferritin, CRP and 

haematological parameters in the studied 

population. The median (IQR) value of 

plasma hepcidin in the anaemic group was 

significantly lower than that obtained in the 

non-anaemic group, 513(233-626) pg/ml vs 

582(490-790) pg/ml; F = 8.59; p = 0.004. 

However, the median (IQR) value of PF in 

the non-anaemic group was significantly 

higher than that of the anaemic group, 

20.8(15.3-26.8) ng/ml vs 15.6(8.14-21.8) 

ng/ml; F = 11.75; p = 0.001. The median 

(IQR) value of plasma CRP was not 

significantly higher in the anaemic group, 

1.80(0.30-4.00) ng/ml when compared to the 

non-anaemic group, 1.17(0.27-3.11) ng/ml 

(F = 0.325; p = 0.570). As expected, the 

mean (SD) haemoglobin value of the 

anaemic group (8.50 ± 0.68g/L) was 

significantly lower (F = 339.0; p < 0.001) than 

the control group (10.79 ± 0.73g/L). The 

mean (SD) value of MCV in anaemic group 

(85.97 ± 6.71fL) was also significantly lower 

(F = 13.50; p < 0.001) than the control group 

(89.73 ± 4.24fL). The mean (SD) value of 

MCH in the anaemic group (27.64 ± 3.83pg) 

was significantly lower than that obtained in 

the control group (29.50 ± 2.32pg; F = 11.30; 

p = 0.001), while the mean (SD) value of 

MCHC observed in the anaemic and the 

control groups (317.40 ± 3.63g/L vs 325.70 ± 

2.18g/L; F = 2.30; p = 0.132) were not 

significantly different. The mean (SD) values 

of the absolute reticulocyte count in the 

anaemic group and the control group were 

significantly different (19.20 ± 8.55x109/L vs 

31.76 ± 8.68x109/L; F=61.995; p < 0.001). 

The mean (SD) red cell count in the anaemic 

and the control groups were 3.30 ± 

8.55x1012/L vs 3.49 ± 8.68x1012/L 

respectively (F = 13.231; p < 0.001). The 

mean (SD) values trend of white cell count, 

platelet count and red cell distribution width 

were found to be similar in both the anaemic 

and the control groups [6.32 ± 1.53x1012/L vs 

6.38 ± 1.77x1012/L (F = 0.016; p = 0.899); 

196.08 ± 61.8x10 12/L vs 194.18 ± 

56.2x1012/L (F = 0.03; p = 0.860); and 44.91 

± 4.48% vs 45.04 ± 4.32% (F = 0.027; p = 

0.870) respectively]. Table 2 shows the 

relationship between hepcidin and the 

measured parameters in both the anaemic 

and the non-anaemic groups. There were 

statistically significant correlations between 

hepcidin and haemoglobin (r = 0379; p= 

0.003) and between hepcidin and plasma 

ferritin (r =0.409, p=0.001) in the anaemic 

group, of all the parameters evaluated. 

However, MCH, MCV, MCHC, RCC, ARC 

and CRP had no statistically significant 

correlation with hepcidin in the two groups. 

DISCUSSION 

In this study, the anaemic group had a lower 
average age compared with the non-
anaemic group, which was statistically 

significant (p<0.001). This finding is similar 
with the findings of Milman et al and Okafor 
et al [4,6] who found that younger women 
had lower haemoglobin concentration in their 
studies. This may be due to the good 
nutritional value in the food ingested by older 
women compared to young ladies. The later 
feed more on snacks and fast food, while 
older women create time to cook.  
 
The significant correlation between hepcidin 
and haemoglobin level suggests that 
haemoglobin levels significantly affect 
hepcidin levels in late pregnancy. Also, 
ferritin correlated with hepcidin significantly 
in this study. Hepcidin production is 
regulated by factors such as ferritin level, 
anaemia, inflammatory conditions and  
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Table 1: Measured Parameters in the Anaemic and Non-anaemic Pregnant Women in Third 

Trimester 

                                                   
(*) statistically significant Key: 

Hb  = haemoglobin concentration 
MCV = mean corpuscular volume 
MCH = mean corpuscular haemoglobin 
MCHC = mean corpuscular haemoglobin        

concentration 
RCC = red cell count 

RDW = red cell distribution width 
WBC = white cell count 
ARC = absolute reticulocyte count 
PF = plasma ferritin 
CRP = C-reactive protein 

Table 2: Relationship between hepcidin and measured parameters in the anaemic 
and the non-anaemic pregnant women in third trimester.

 
 
 

     

 

 

 

 

 

(*) statistically significant 

KEY: 
Hb = haemoglobin concentration  
MCV = mean corpuscular volume 
MCH = mean corpuscular   haemoglobin 
MCHC = mean corpuscular  
haemoglobin concentration 
 

 
ARC = absolute reticulocyte count 
RCC = red cell count 
CRP = C-reactive protein 
PF   = plasma ferritin

Parameter  Anaemic  
Mean ± SD 
n = 60 

Non-anaemic  
Mean ± SD 
n = 60 

F-value p-value 

Hb (g/L) 8.51 ± 0.68 10.74 ± 0.73 339.03 <0.001 * 
MCV (fL) 86.11 ± 6.71 89.58 ± 4.24 13.50 0.001   * 
MCH (pg) 27.64 ± 3.83 29.58 ± 2.32 11.30 0.001   * 
MCHC (g/L) 315.60 ± 3.63 325.50 ± 2.18 20.58 0.150 
Retic count (%) 0.60±0.26 0.91±0.19 62.00 <0.001 * 
RCC (x1012/L) 3.20±0.52 3.49±0.52 13.23 <0.001 * 
RDW (%) 44.91±4.48 45.04±4.32 0.027 0.870 
Platelets (x109/L) 196.08±61.8 194.18±56.2 0.03 0.860 
WBC (x109/L) 6.32±1.53 6.28±1.77 0.016 0.899 
ARC (x109/L) 19.20±8.55 31.76±9.32 62.00 0.001   * 

Parameter Median (IQR) Median (IQR) F-value p-value 

Hepcidin(pg/ml) 513(233-626) 582(490-790) 8.59 0.004   * 

PF (ng/ml) 15.6(8.14-21.8) 20.8(15.3-26.8) 11.75 0.001   * 
CRP (ng/ml) 1.80(0.30-4.00) 1.17(0.27-3.11) 0.325 0.570 

Parameter  ANAEMIC                           
(n=60)             

           N0N-ANAEMIC  
                  (n=60) 

 r-value            p-value    r-value p-value 

Hb (g/dl)              0.379     0.003*     0.045 0.734 
MCV (fL)             0.102     0.440    -0.064 0.627 
MCH (pg)            0.012     0.929    -0.142 0.277 
MCHC (g/dl)       -0.014     0.915    -0.054 0.680 
ARC (x109/L)       0.138     0.294     0.163 0.213 

RCC(x1012/L)      0.098     0.455     0.027 0.840 

CRP (ng/ml)       -0.215     0.098    -0.136 0.299 
PF (ng/ml)           0.409     0.001*     0.012 0.927 
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hypoxia. However, in physiological state, 
the hepcidin-iron axis maintains iron 
homeostasis. In this state, it is known that 
plasma or serum ferritin correlates 
significantly with hepcidin and it is primarily 
the determinant of plasma hepcidin 
level.[13] Nevertheless, there may be 
deviations in pathological conditions.[14] In 
this study, both haemoglobin concentration 
and plasma ferritin levels in the gravid 
anaemic women correlated significantly 
with hepcidin. This suggests that in late 
pregnancy, anaemia as well as 
ferritinlevels in the blood significantly affect 
hepcidin production. In studies involving 
non-pregnant women (adults, children and 
in population health), ferritin has been 
observed to correlate significantly with 
hepcidin concentration.[15] However, the 
relationship between hepcidin and 
haemoglobin and ferritin in this study are in 
agreement with the findings of Ganz et 
al.,[16] but contrary to the report of 
Petkova-Marinova et al. and Koenig et 
al.[17,18] This finding in late pregnancy 
could be attributed to the increased 
maternal erythropoietic activity to prevent 
dilutional anaemia as well as a dynamic 
and high turnover rate of plasma ferritin to 
provide for maternal, foetal and placenta 
needs.[19] 

In a study conducted by Mohammed et al., 
of a cohort of children with iron deficiency 
anaemia, serum ferritin strongly correlated 
with serum hepcidin.[20] However, Tabinda 
et al. found a weak positive correlation 
between serum ferritin and hepcidin in late 
pregnancy.[21] In a study involving first 
trimester pregnant women alone, a state 
where menstruation has just ceased and 
the demand for iron is not yet pronounced 
in pregnancy, iron status was found to be 
the primary determinant of hepcidin 
concentration.[22] 

Also, a longitudinal study conducted by 
Bah and Sant-Ryan on pregnant women 
showed that hepcidin concentration 
declined by 20 weeks gestational age, 
before the onset of biochemical evidences 
of iron deficiency or clinical features of iron 
deficiency anaemia (IDA). [23] A reduction 
in body iron stores was noticed later, 
between 20 weeks and 30 weeks of 

pregnancy. The decline in hepcidin 
concentration noticed at 20 weeks of 
pregnancy, was during the period of 
haemoglobin concentration reduction.[23] 
This implies that a decrease in 
haemoglobin concentration may be the first  
trigger to reducing hepcidin concentration 
during pregnancy. Furthermore, a 
reduction in iron stores observed between 
20 weeks to 30 weeks of pregnancy in the 
Bah and Sant-Ryan study was not 
accompanied by a further reduction in 
hepcidin concentration.  

Anaemia could mediate hepcidin 
suppression through mechanisms 
including increased erythropoietin 
production, increased erythropoietic 
activity, increased iron demand and tissue 
hypoxia. In the Bah and Sant-Ryan study 
progressed, there was an increasing 
association between hepcidin and soluble 
transferrin receptor STfR (an indicator of 
red blood cell production.  It was therefore 
hypothesized that the expansion of 
maternal erythropoiesis with the 
expression of the erythroid–derived, 
hepcidin-suppression hormone, 
erythroferrone is a cause of this 
phenomenon. 

Haemodilution of pregnancy secondary to 
fluid retention is another factor that has 
been considered. Haemodilution reduces 
haemoglobin level alongside other 
analytes. However, a concomitant 
increase in STfR level observed by Bah 
and Sant-Ryan, further reinforced the 
increased erythropoietic activity as the 
strong signal in regulating hepatic hepcidin 
production in late pregnancy. Therefore, it 
may imply that as postulated by Kautz et 
al., erythroferrone is produced in anaemia 
to block hepatic hepcidin production. [24] 
 
CONCLUSION 

This study has confirmed that increased 
erythropoiesis in late pregnancy also 
lowers serum hepcidin levels to allow for 
the bioavailability of iron for erythropoiesis.  
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