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Objectives: To evaluate serum levels of vitamin D (VD), hepcidin, 

interleukin (IL)-6 and iron indices in pregnant women 

Patients & Methods: 88 pregnant women fulfilling the inclusion 

criteria underwent full clinical examination and gave blood samples for 

determination of hemoglobin concentration (Hb. Conc.), and ELISA 

estimation of serum 25-hydroxy VD (25OH-VD), ferritin concentration 

(SFC), hepcidin and IL-6 at the 6
th
 wk gestational age (Booking time) 

and underwent re-determination of Hb. Conc. at start of the 3
rd

 

trimester and Hb. Deficit was calculated. Study outcome included 

determination of the frequency of iron deficiency (ID), iron deficiency 

anemia (IDA) and VD deficiency (VDD) and evaluation of the 

relations between these parameters. 

Results: At booking time, 17 women were anemic (Hb. Conc. <11 

gm/dl), while 14 women had SFC<15 ng/ml, for a frequency of anemia, 

ID and IDA of 19.3%, 15.9% and 11.4%, respectively. At the 3
rd

 

trimester, 35 women had Hb. Conc. <11 gm/dl, thus the frequency of 

IDA was doubled during pregnancy with significantly (p=0.0029) 

higher frequency of anemic women and significantly (p=0.0007) lower 

mean Hb. Conc. compared to booking time with a median decrease of 

Hb. deficit by 4.96% (95% ICR: -7 to -3.23). At booking time, 17 

women had insufficient VD levels and 64 women had VDD. At 

booking Hb. Conc. and deficit was significantly correlated with serum 

FC, 25OH-VD, hepcidin and IL-6. Serum 25OH-VD level showed 

significant correlation with SFC, hepcidin and IL-6 levels, and serum 

hepcidin levels was significantly correlated with serum FC and IL-6. 

Regression analysis defined at booking high serum hepcidin and IL-6 

as significant negative, while high serum 25OH-VD level as significant 

positive predictor for oncoming 3
rd

 trimester Hb. conc. For prediction 

of the extent of Hb. deficit, at booking high serum 25OH-VD was 

negative (β=-0.307, p=0.004), while serum IL-6 level was positive 

(β=0.235, p=0.026) significant predictors for high deficit.  

Conclusion: Gestational IDA is a progressive condition weakly 

responding to iron supplemental therapy. IDA is a multi-factorial 

condition strongly associated with VDD, disturbed immune milieu and 

deregulated iron homeostasis. VDD plays a crucial role in pathogenesis 

of ADI. 
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Introduction:- 
Anemia is a common problem in obstetrics and perinatal care. Hemoglobin concentration below 10.5 g/dl could be 

considered as true anemia 
(1)

. Iron deficiency (ID) constitutes the main cause of anemia, however, among pregnant 

women, the frequencies of ID and iron deficiency anemia (IDA) and between the reported prevalence of ADI are 

highly discrepant, where Sukrat et al.
 (2)

 documented that according to the WHO criteria (Hb. conc. <11 g/dl) the 

highest prevalence of anemia and IDA during pregnancy was 14.1% and 6%, respectively. Thereafter, 

Siridamrongvattana et al.
 (3)

 reported ID and IDA prevalence of 20.1% and 6%, respectively, of their series of 

pregnant women. On contrary, Breymann 
(1)

 documented that worldwide prevalence of ADI ranged between 20%-

80% and consists of a primarily female population.  

 

Despite of these figures for ID and IDA during pregnancy, the U.S. Preventive Services Task Force Evidence 

Syntheses documented that the clinical significance of routine supplemental iron during pregnancy for both pregnant 

women and infants remains unclear, but could improve maternal hematological indexes
 (4)

. Moreover, there is 

probable evidence that high intake of heme iron is associated with increased risk of type-2 diabetes and gestational 

diabetes 
(5)

 and Kinnunen et al.
 (6)

 reported glucose intolerance-related outcome of pregnant women of 13% and 

11% with selective or routine iron supplements and the frequency of large-for-gestational-age was 8.3% and 8.2%, 

respectively. 

 

Hepcidin is a primary phase antibacterial peptide hormone produced in the liver 
(7)

. Hepcidin is the master regulator 

of systemic iron bioavailability in humans 
(8)

. Inappropriate hepcidin production contributes to the pathogenesis of 

common iron disorders as its deficiency causes iron overload, while elevated hepcidin levels especially during 

inflammatory conditions causes iron restriction 
(9)

. Hepcidin regulates iron intestinal absorption, tissue distribution, 

macrophage iron release and extracellular concentration through its effects on ferroportin (Fpn)-mediated export of 

cellular iron 
(10)

. 

 

Vitamin D (VD) plays a key role in development of gynecological/obstetric diseases 
(11)

 and the maternal-fetal unit 

is under the influence of VD, as the breakdown in VD homeostasis may underlie the development of pre-eclampsia, 

and gestational diabetes with its subsequent effects 
(12)

 and has been associated with a plethora of adverse health 

effects on the offspring 
(13)

. 

 

Supplemental VD therapy during pregnancy is a matter of debit as the current evidence base could not allow definite 

conclusions regarding the optimal maternal circulating concentration of 25-hydroxyvitamin D (25OH-VD) during 

pregnancy, and how this might best be achieved 
(14)

. Also, Pérez-López et al.
 (15)

 found VD supplementation during 

pregnancy was associated with increased its circulating levels, birth weight, and length, but was not associated with 

other maternal and neonatal outcomes.  

 

Hypothesis:- 

Gestational anemia is a multi-factorial disorder that could not be considered as a mal-nutrition disorder to be 

corrected by iron supplements. Pregnancy induces disturbed maternal immune milieu that may have an impact on 

iron homeostasis. Moreover, VD deficiency (VDD) may have an impact on both iron homeostasis and maternal 

immune milieu. 

 

Objectives:- 

The current study targets to evaluate serum levels of VD, hepcidin, IL-6 and iron indices in pregnant women at 1
st
 

trimester  

 

Design:- 

Clinical prospective observational study 

 

Setting:- 

Faculty of Medicine, Benha & Tanta Universities 
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Patients & Methods:- 

The study protocol was approved by the Local Ethical Committee and all enrolled women signed a written fully-

informed consent to participate in the study. All women attending the antenatal care unit at Department of Obstetrics 

and Gynecology, Benha University Hospital for assurance of being pregnant during the period since March 1
st
 till 

June 30
th
 each year for two years (2016 & 2017) were eligible to evaluation and were asked to attend the clinic 

fasting on the start of the 6
th
 week gestational age (GA) and then on the start of 3

rd
 trimesters for clinical evaluation 

and giving fasting blood samples for investigations. At the 6
th
 wk GA, all women had complete history taking and 

full clinical examination including body height and weight determination and body mass index (BMI) was 

calculated as weight (kg)/height (m
2
) 

(16)
.  

 

Exclusion criteria included presence of multiple pregnancy, fetal congenital anomalies, current DM or essential 

hypertension, obesity-inducing endocrinopathy, evident manifestations of hypo-parathyroidism, thyrotocixosis, renal 

or hepatic diseases and women lost during the course of pregnancy were excluded from the study.  

 

Diagnosis of iron deficiency (ID) was dependent on estimation of serum ferritin level and diagnosis of iron 

deficiency anemia (IDA) relied on estimation of hemoglobin concentration (Hb conc.). A serum ferritin 

concentration (SFC) ≤15 ng/ml with Hb conc. ≥11, 10.5 and 11 g/dl during 1
st
, 2

nd
 and 3

rd
 trimesters, respectively 

are diagnostic of ID, while Hb conc. <11, 10.5 and 11 g/dl during 1
st
, 2

nd
 and 3

rd
 trimesters, respectively coupled 

with SFC< 15 ng/ml indicates IDA but if coupled with SFC ≥15 ng/ml points to an inflammatory state inducing iron 

stores depletion 
(17)

. All women with Hb conc. <11 gm/dl received iron supplemental therapy in the form of once 

daily oral ferrous fumarate 350 mg caps (HAEMOTON cap; containing ferrous fumarate 350 mg, vitamin B12 7.5 

µg, folic Acid 2 mg, ascorbic acid 50 mg and other vitamins; Glaxo Smith Kline Co., Egypt). Hb conc. was re-

estimated at the start of the 3
rd

 trimester and Hb deficit was calculated in relation to Hb conc. estimated at the 1
st
 

trimester and number of patients showed down-progression of Hb conc. was determined. 

 

Vitamin D sufficiency status was defined according to 25-OHD concentration as follows: ≥75 nmol/L sufficient 

level, 50-75 nmol/L insufficient level and <50 nmol/L deficient level. Vitamin D deficiency was categorized as 

mild, moderate and severe if 25-OHD concentration was 25-50 nmol/L, 12.5-25 nmol/L and <12.5 nmol/L, 

respectively 
(18)

. 

 

Investigations:- 

Venous blood samples (5 ml) were collected from the antecubital vein under complete aseptic conditions at booking 

time and were divided into three parts:  

1. The first part was put in EDTA tube (about 1.8 mg trik EDTA/ 1 ml blood) for at once Hb conc. estimation by 

cyanomethemoglobin method 
(19)

.  

2. The second part of the sample obtained at booking time was put in a tube containing sodium fluoride (2 mg 

sodium fluoride/ ml blood) to prevent glycolysis for estimation of blood glucose levels using glucose oxidase 

method 
(20)

. 

3. The third part of the sample obtained at booking time was kept in a plane container and allowed to clot then 

serum was separated by centrifugation at 3000 rpm for 10 min. Serum was
 
removed and placed in pyrogen-free 

Eppendorf tubes and stored at
 
-70°C until ELISA assayed for  

a. Fasting serum 25OH-VD levels, using an ELISA kit from Cayman Chemical, Ann Arbor, MI, USA 
(21)

. 

b. Serum ferritin concentration (SFC), using an ELISA kit from Eurogenetics UK 
(22)

. 

c. Serum hepcidin level using ELISA kit from Quantikine r&d systems Inc. Minneapolis MN USA 
(23)

. 

d. Serum IL-6 using ELISA kit from Pelikine™ Inc., Concord, USA 
(24)

. 

 

Study outcome:- 

1. The frequency of ID and IDA among newly pregnant women and the extent of deficit through out duration of 

pregnancy. 

2. The frequency and severity of hypovitaminosis D among newly pregnant women. 

3. Evaluation the relation between serum levels of IL-6, pro-inflammatory cytokine, 25OH-VD and hepcidin, a 

modulator of iron storing process, and frequency of IDA and pregnancy-induced deficits in ID. 

4. The impact of iron supplemental therapy on the studied parameters. 
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Statistical analysis:- 

Obtained data were presented as mean±SD, numbers and percentages. Results were analyzed using paired t-test and 

Chi-square test (X
2
 test). Possible relationships were investigated using Pearson's linear regression. Data were 

analyzed using Regression analysis (Stepwise Method) to define the persistently significant predictors for oncoming 

Hb conc. and Hb deficit in pregnant women. Statistical analysis was conducted using the IBM SPSS (Version 23, 

2015) for Windows statistical package. P value <0.05 was considered statistically significant. 

 

Results:- 
The study included 117 pregnant women eligible for evaluation; 29 were excluded and 88 were enrolled in the 

study. Enrolment data of studied women are shown in table 1. 
 

Table 1:-Patients' enrolment data 

Data  Findings  

Age (years) 28.1±2.7 

Body mass index 

data  

Weight (kg) 78.3±7.9 

Height (cm) 168.8±3.3 

BMI (kg/m
2
) Average (<24.9) 27 (30.7%) 

Overweight (25-29.9) 54 (61.4%) 

Obese (30-34.9) 7 (7.9%) 

Mean (±SD) 27.5±2.8 

Obstetric history Gravidity  Primi 23 (26.1%) 

Multi 65 (73.9%) 

Parity  Para-1 27 (30.7%) 

Para-2 38 (43.2%) 

Blood pressure 

(mmHg) 

Systolic  114.3±9 

Diastolic  72±4.6 

Fasting blood glucose (mg/dl) 98.8±5.1 

 

According to Hb conc. estimated at booking time, 17 women were anemic with Hb. Conc. <11 gm/dl, while 71 

women had Hb. Conc. >11 gm/l. As regards ID, 14 women had SFC <15 ng/ml and 74 women had SF ≥15 ng/ml. 

Thus, 10 women had IDA with SF<15 ng/ml and Hb. Conc. <11 gm/dl, 4 women had ID with SF<15 ng/ml and Hb. 

Conc. >11 gm/dl, 7 women had anemia with Hb. Conc. <11 gm/dl, but SF ≥15 ng/ml and 67 had accepted levels 

with SF≥15 ng/ml and Hb. Conc. >11 gm/dl. 

 

At the start of the 3
rd

 trimester, 35 women had Hb. Conc. <11 gm/dl, while 53 had Hb. Conc. >11 gm/dl, (Fig. 1) 

thus the frequency of women developed or progressed from ID to IDA was doubled throughout the duration of 

pregnancy with significantly (p=0.0029) higher frequency of anemic women compared to at booking time. Mean 

estimated Hb. Conc. at the start of 3
rd

 trimester was significantly (p=0.0007) lower Hb. Conc. compared to that 

estimated at booking time. Concerning change of Hb. Conc., 8 women had higher estimates, while 80 women had 

decreased estimates at the 3
rd

 trimester compared to their booking estimates with a median decrease by 4.96% (95% 

ICR: -7 to -3.23). 
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At booking time, estimated serum 25OH-VD defined 7 women with sufficient levels (>75 nmol/ml), 17 women had 

insufficient levels (50-74.9 nmol/ml), 61 women had mild deficiency (25-49.9 nmol/ml) and three women had 

moderate deficiency (<25 nmol/ml) with a mean serum 25OH-VD level of 43.94±16.46; range: 19.5-79.4 nmol/ml. 

Mean estimated serum hepcidin was 20.87±2.98; range: 16.72-28.96 ng/ml and mean level of IL-6 was 

32.56±13.33; range: 10-65 ng/ml. 

 

At booking Hb. Conc. showed positive correlation with serum FC and 25OH-VD levels, while showed negative 

significant correlation with serum hepcidin and IL-6. On contrary, Hb. deficit between Hb. conc. at start of 3
rd

 

trimester to at booking time showed positive significant correlation with serum hepcidin and IL-6, while showed 

negative significant correlation with serum 25OH-VD level and negative non-significant correlation with SFC 

levels. Interestingly, serum 25OH-VD level showed significant correlation with SFC, hepcidin and IL-6 levels that 

was positive with SFC, but was negative with hepcidin and IL-6 levels. Serum hepcidin levels showed significant 

correlation with both SFC and IL-6 levels that was negative and positive, respectively (Table 3).  

 

Table 3:-Pearson's correlations between studied variables 

Variables  SFC 25-OH VD Hepcidin IL-6 

r p r p r p r p 

At booking Hb. Conc. 0.580 0.0006 0.338 0.001 -0.507 0.0008 -0.362 0.001 

Hb. Deficit  -0.110 0.307 -0.388 0.0008 0.248 0.020 0.341 0.001 

SFC   0.293 0.006 -0.504 0.0007 -0.192 0.073 

25OH-VD     -0.307 0.004 -0.346 0.001 

Hepcidin       0.326 0.002 

Hb. Conc.: Hemoglobin concentration; SFC: Serum ferritin concentration; 25OH-VD: 25-hydroxy vitamin D; IL-6: 

Interleukin 6 

 

Evaluation of booking time estimated parameters as predictors for 3
rd

 trimester Hb. Conc. using Regression analysis 

defined high serum hepcidin as the persistently significant predictor, followed by high serum 25OH-VD level as a 

positive significant predictor, and high serum IL-6 levels as negative predictors for oncoming 3
rd

 trimester Hb. conc. 

For prediction of the extent of Hb. deficit Regression analysis defined at booking high serum 25OH-VD as the 

negative (β=-0.307, p=0.004), while serum IL-6 level as the positive (β=0.235, p=0.026) significant predictors for 

high deficit (Table 4).  
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Table 4:-Regression analysis for at booking estimated parameters as predictors for the 3
rd

 trimester Hb. Conc. 

Analytical model At booking parameters  Standardized coefficient  p 

Model 1 Hepcidin -0.219 0.031 

25-OH VD 0.217 0.020 

IL-6 -0.247 0.008 

SFC 0.256 0.010 

Model 2 Hepcidin -3.641 0.0007 

25-OH VD 2.754 0.007 

IL-6 -2.595 0.011 

Model 3 Hepcidin -4.272 0.0005 

25-OH VD 3.485 0.001 

Model 4 Hepcidin -5.282 0.0003 

25OH-VD: 25-hydroxy vitamin D; IL-6: Interleukin 6 

 

Kaplan-Meier regression analysis for defining the cutoff point of parameters estimated at booking time for 

prediction of hazard for development or progression from ID to IDA defined SFS at <16 ng/ml (Fig. 2), serum 

25OH-VD at <50 nmol/ml (Fig. 3), serum hepcidin and IL-6 at >20 ng/ml (Fig. 4) and 27 ng/ml (Fig. 5) as cutoff 

points for prediction of high possibility for decreased Hb. conc. at the 3
rd

 trimester, development or progression 

from ID to IDA.     

 

 
Fig. 2:-Kaplan-Meier regression analysis for defining the cutoff point of SFC for prediction of for development or 

progression from ID to IDA. 
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Fig. 3:-Kaplan-Meier regression analysis for defining the cutoff point of serum 25OH-VD for prediction of for 

development or progression from ID to IDA. 

 

 
Fig. 4:-Kaplan-Meier regression analysis for defining the cutoff point of serum hepcidin for prediction of 

development or progression from ID to IDA. 
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Fig. 5:-Kaplan-Meier regression analysis for defining the cutoff point of serum IL-6 for prediction of for 

development or progression from ID to IDA 

 

Discussion:- 
At booking time, during 1

st
 trimester, 17 women were anemic (Hb. Conc. <11 gm/dl), while 14 women had SFC<15 

ng/ml, for a frequency of anemia, ID and IDA of 19.3%, 15.9% and 11.4%. These figures coincided with that 

previously reported by Sukrat et al.
 (2)

 and Siridamrongvattana et al.
 (3)

 and with the recently reported by Nguyen 

et al.
 (25)

 who found 20% of pregnant women were anemic, 14% had low iron stores and 3% had IDA and by 

Okafor et al.
 (26)

 who detected ID and IDA in 20% and 17.9% of pregnant women.  

 

Despite of supplemental iron therapy, 35 women (39.8%) had Hb. Conc. <11 gm/dl at the 3
rd

 trimester, thus the 

frequency of women developed IDA or progressed from ID to IDA was doubled during pregnancy and mean 

estimated Hb. Conc. was decreased by a median value of 4.96% (95% ICR: -7 to -3.23). Only 8 women (9.1%) 

showed good response to supplemental therapy by increased Hb. conc. in comparison to their previous estimated. 

 

These findings point to the interplay of multiple factors, other than ID, for development of gestational IDA, so 

fulfilling the study hypothesis. In support of this assumption, the reported high prevalence of VDD, elevated serum 

hepcidin and IL-6 levels in the studied women at time of booking. Moreover, at booking Hb. Conc. was positively 

correlated with serum levels of 25OH-VD, but negatively correlated with serum hepcidin and IL-6 levels. Moreover, 

Hb. deficit showed positive association with serum hepcidin and IL-6, while showed negative association with 

serum 25OH-VD levels. 

 

In line with these findings, Thomas et al.
 (27)

 detected a positive correlation between maternal 25OH-VD and 

hemoglobin at both mid-gestation and at delivery. Recently, Yuan et al.
 (28)

 found 25OH-VD concentrations was 

significantly lower in women affected with anemia than controls and the risk of anemia was significantly increased 

with decreasing serum 25OH-VD concentrations in a dose-dependent manner up to 80% increase in anemia risk in 

women with 25OH-VD concentrations <50 nmol/L. 

 

Multiple studies tried to investigate the relation between VDD and IDA, Zittermann et al.
 (29)

 supposed that VDD 

contributes to decreasing bone marrow local production of calcitriol with increasing calcium membrane 

permeability, so erythropoiesis declines. These changes as evidenced by In vitro studies occur at mRNA and protein 

At booking serum IL-6 (ng/ml)
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levels 
(30)

. Sharma et al.
 (31)

 supposed that hyperparathyroidism secondary to VDD increases erythroid progenitor 

cells proliferation. Moreover, Thomas et al.
 (27)

 found maternal 25OH-VD was inversely associated with 

erythropoietin at both mid-gestation and delivery and attributed the effect of VDD on Hb. conc. to both a direct 

effect and an indirect effect mediated by erythropoietin. 

 

Interestingly, the current study detected a negative association between levels of 25OH-VD and hepcidin. On basis 

of hepcidin regulatory action on iron homeostasis through its effects on ferroportin (Fpn)-mediated export of cellular 

iron through binding to Fpn and inducing its internalization 
(10)

, thus the reported positive association between 

25OH-VD levels and both Hb conc. and SFC levels could be attributed to a modulatory effect for VD on 

hepcidin/Fpn pathway inducing more iron release, thus increasing SFC, to be available for more synthesis of 

hemoglobin, so increasing Hb conc. These findings and assumption supported that previously reported by Bacchetta 

et al.
 (10)

 who documented that VD is a potent regulator of the hepcidin-Fpn axis in humans and Azizi-Soleiman et 

al.
 (32)

 who found VDD is associated with higher hepcidin level in the body. Smith & Tangpricha 
(33)

 attributed the 

regulatory effect of VD on hepcidin/Fpn axis to a direct suppression of hepcidin mRNA transcription.  

 

The reported data concerning IL-6 points to the possibility for the presence of evident or hidden infection or simply 

representing disturbed immune response to pregnancy. In accordance with this assumption, Wirth et al.
 (34)

 studied 

cross-sectional, nationally representative data from 10 surveys and detected anemia prevalence of ~40% among 

women in the reproductive age in countries with high infection burden and 12% and 7% in moderate and low 

infection burdens countries and found the proportion of ID anemic women was lower in high-infection (35%) than 

in moderate- (65%) and low-infection (71%) countries, so concluded that the contribution of ID to anemia varies 

according to a country's infection burden.   

Moreover, estimated IL-6 levels were positively correlated with serum hepcidin, but negatively correlated 

with serum 25OH-VD, thus closing the triangle of danger inducing and maintaining IDA despite of supplemental 

iron. In line with these data, Paesano et al.
 (35, 36)

 found bovine lactoferrin established iron homeostasis by 

modulating serum IL-6 and pro-hepcidin synthesis, whereas ferrous sulfate increased IL-6 and failed to increase 

hematological parameters and prohepcidin. Also, Lee et al.
 (37)

 detected high ferritin and hepcidin concentrations 

and considered these high levels as a consequence of inflammation because IL-6 concentrations at delivery were 

1.6-fold higher than mid-gestation levels with a positive association between IL-6 and both hepcidin and ferritin. 

 

The pathogenic mechanism for inflammatory anemia was explored in vitro and in vivo by Cutone et al.
 (38)

 who 

found increased IL-6 and IL-1β is associated with up-regulation of cytosolic ferritin and down-regulation of Fpn 

leading to intracellular iron overload leading in vivo to higher host susceptibility to infections and ID in the blood 

and anemia of inflammation. Furthermore, Rosa et al.
 (39)

 reported that bovine lactoferrin through its anti-

inflammatory activity against IL-6 cures anemia of inflammation through up-regulating Fpn and transferrin receptor 

1, while down-regulating ferritin and consequently inhibits intracellular iron overload with increased availability of 

iron for erythropoiesis  

  

Conclusion:- 
Gestational iron deficiency anemia is a progressive condition weakly responding to iron supplemental therapy. IDA 

is a multi-factorial condition strongly associated with VDD, disturbed immune milieu and deregulated iron 

homeostasis. VDD plays a crucial role in pathogenesis of ADI, so wider scale studies were mandatory to evaluate 

the effect of supplemental VD therapy on ADI and if this effect is dose-dependent and whether additional 

supplemental iron therapy is needed or not. 

 

References:- 
1. Breymann C: Iron Deficiency Anemia in Pregnancy. Semin Hematol. 2015; 52(4):339-47. 

2. Sukrat B, Suwathanapisate P, Siritawee S, Poungthong T, Phupongpankul K: The prevalence of iron deficiency 

anemia in pregnant women in Nakhonsawan, Thailand. J Med Assoc Thai. 2010; 93(7):765-70. 

3. Siridamrongvattana S, Van Hoa N, Sanchaisuriya K, Dung N, Hoa PT, Sanchaisuriya P, Fucharoen G, 

Fucharoen S, Schelp FP: Burden of anemia in relation to thalassemia and iron deficiency among Vietnamese 

pregnant women. Acta Haematol. 2013; 130(4):281-7. 

4. McDonagh M, Cantor A
1
, Bougatsos C

1
, Dana T, Blazina I: Routine Iron Supplementation and Screening for 

Iron Deficiency Anemia in Pregnant Women: A Systematic Review to Update the U.S. Preventive Services 

Task Force Recommendation [Internet]. U.S. Preventive Services Task Force Evidence Syntheses, formerly 

file:///E:/Proof/pubmed
file:///E:/Proof/pubmed
file:///E:/Proof/pubmed


ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 6(5), 404-414 

413 

 

Systematic Evidence Reviews. Rockville (MD): Agency for Healthcare Research and Quality (US); 2015 Mar. 

Report No.: 13-05187-EF-2. 

5. Domellöf M, Thorsdottir I, Thorstensen K: Health effects of different dietary iron intakes: a systematic 

literature review for the 5th Nordic Nutrition Recommendations. Food Nutr Res. 2013, 12; 57. 

6. Kinnunen TI, Luoto R, Helin A, Hemminki E: Supplemental iron intake and the risk of glucose intolerance in 

pregnancy: re-analysis of a randomised controlled trial in Finland. Matern Child Nutr. 2016; 12(1):74-84. 

7. Gaun V, Patchen B, Volovetz J, Zhen AW, Andreev A, Pollastri MP, Fraenkel PG: A chemical screen identifies 

small molecules that regulate hepcidin expression. Blood Cells Mol Dis. 2014; 53(4):231-40. 

8. Koenig MD, Tussing-Humphreys L, Day J, Cadwell B, Nemeth E: Hepcidin and iron homeostasis during 

pregnancy. Nutrients. 2014; 6(8):3062-83. 

9. Ruchala P, Nemeth E: The pathophysiology and pharmacology of hepcidin. Trends Pharmacol Sci. 2014; 

35(3):155-61. 

10. Bacchetta J, Zaritsky JJ, Sea JL, Chun RF, Lisse TS, Zavala K, Nayak A, Wesseling-Perry K, Westerman M, 

Hollis BW, Salusky IB, Hewison M: Suppression of iron-regulatory hepcidin by vitamin D. J Am Soc Nephrol. 

2014; 25(3): 564-72. 

11. Velija-Ašimi Z: Evaluation of the association of vitamin D deficiency with gonadotropins and sex hormone in 

obese and non-obese women with polycystic ovary syndrome. Med Glas (Zenica). 2014; 11(1):170-6. 

12. Colonese F, Laganà AS, Colonese E, Sofo V, Salmeri FM, Granese R, Triolo O: The pleiotropic effects of 

vitamin D in gynaecological and obstetric diseases: an overview on a hot topic. Biomed Res Int. 2015; 

2015:986281. 

13. Karras SN, Anagnostis P, Paschou SA, Kandaraki E, Goulis DG: Vitamin D status during pregnancy: time for a 

more unified approach beyond borders? Eur J Clin Nutr. 2015; 69(8):874-7. 

14. Harvey NC, Holroyd C, Ntani G, Javaid K, Cooper P, Moon R, Cole Z, Tinati T, Godfrey K, Dennison E, 

Bishop NJ, Baird J, Cooper C: Vitamin D supplementation in pregnancy: a systematic review. Health Technol 

Assess. 2014; 18(45):1-190.  

15. Pérez-López FR, Pasupuleti V, Mezones-Holguin E, Benites-Zapata VA, Thota P, Deshpande A, Hernandez 

AV: Effect of vitamin D supplementation during pregnancy on maternal and neonatal outcomes: a systematic 

review and meta-analysis of randomized controlled trials. Fertil Steril. 2015; 103(5):1278-88 

16. Bray GA: Pathophysiology of obesity. Am J Clin Nutr, 1992; 55: 488S-94S. 

17. Api O, Breyman C, Çetiner M, Demir C, Ecder T: Diagnosis and treatment of iron deficiency anemia during 

pregnancy and the postpartum period: Iron deficiency anemia working group consensus report. Turk J Obstet 

Gynecol. 2015; 12(3):173-81. 

18. Stroud ML, Stilgoe S, Stott VE, Alhabian O, Salman K: Vitamin D - a review. Aust Fam Physician. 2008; 

37(12):1002-5. 

19. International committee for standardization in Hematology: Recommendations for hemoglobinometry in human 

blood. Br. J. Hematology, 1967; 13(Suppl.1): 71. 

20. Tinder P: Determination of blood glucose. Ann. Clin. Biochem.; 6:24, 1969. 

21. Andersen L, Dinesen B, Jørgensen PN, Poulsen F, Røder ME: Enzyme immunoassay for intact human insulin in 

serum or plasma. Clinical Chemistry, 1993; 38: 578-82. 

22. Jacobs A, Warwood MJ: Ferritin in serum. Clinical and biochemical implications. N.Eng. J. Med., 1975; 

292(18): 951-6. 

23. Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, Ganz T: Hepcidin regulates cellular 

iron efflux by binding to ferroportin and inducing its internalization. Science, 2004; 306(5704): 2090-3. 

24. Gaines-Das RE, Poole S: The international standard for interleukin-6—evaluation in an international 

collaborative study. J Immunol Methods. 1993; 160: 147–53. 

25. Nguyen PH, Young M, Gonzalez-Casanova I, Pham HQ, Nguyen H, Truong TV, Nguyen SV, Harding KB, 

Reinhart GA, Martorell R, Ramakrishnan U: Impact of Preconception Micronutrient Supplementation on 

Anemia and Iron Status during Pregnancy and Postpartum: A Randomized Controlled Trial in Rural Vietnam. 

PLoS One. 2016; 11(12):e0167416. 

26. Okafor IM, Okpokam DC, Antai AB, Usanga EA: Iron Status of Pregnant Women in Rural and Urban 

Communities of Cross River State, South-South Nigeria. Niger J Physiol Sci. 2017; 31(2):121-5. 

27. Thomas CE, Guillet R, Queenan RA, Cooper EM, Kent TR, Pressman EK, Vermeylen FM, Roberson MS, 

O'Brien KO: Vitamin D status is inversely associated with anemia and serum erythropoietin during pregnancy. 

Am J Clin Nutr. 2015; 102(5):1088-95. 



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 6(5), 404-414 

414 

 

28. Yuan Y, Cai Z, Dai Y, Hong Q, Wang X, Zhu L, Xu P, You L, Wang X, Ji C, Wen J, Guo X: Association of 

Maternal Serum 25-Hydroxyvitamin D Concentrations with Risk of Gestational Anemia. Cell Physiol Biochem. 

2017; 43(4):1526-32. 

29. Zittermann A, Jungvogel A, Prokop S, Kuhn J, Dreier J, Fuchs U, et al. Vitamin D deficiency is an independent 

predictor of anemia in end-stage heart failure. Clin Res Cardiol. 2011; 100:781–8. 

30. Ernst JB, Becker T, Kuhn J, Gummert JF, Zittermann A. Independent association of circulating Vitamin D 

metabolites with anemia risk in patients scheduled for cardiac surgery. PLoS One. 2015; 10: e0124751.  

31. Sharma S, Jain R, Dabla PK: The role of 25-hydroxy Vitamin D deficiency in iron deficient children of North 

India. Indian J Clin Biochem. 2015; 30:313–7. 

32. Azizi-Soleiman F, Vafa M, Abiri B, Safavi M: Effect of iron on vitamin D metabolism: A Systemic Review. Int 

J Prev Med., 2016; 7: 126. 

33. Smith EM, Tangpricha V: Vitamin D and anemia: insights into an emerging association. Curr Opin Endocrinol 

Diabetes Obes. 2015; 22(6):432-8. 

34. Wirth JP, Woodruff BA, Engle-Stone R, Namaste SM, Temple VJ, Petry N, Macdonald B, Suchdev PS, Rohner 

F, Aaron GJ: Predictors of anemia in women of reproductive age: Biomarkers Reflecting Inflammation and 

Nutritional Determinants of Anemia (BRINDA) project. Am J Clin Nutr. 2017; 106(Suppl 1):416S-27S. 

35. Paesano R, Berlutti F, Pietropaoli M, Goolsbee W, Pacifici E, Valenti P: Lactoferrin efficacy versus ferrous 

sulfate in curing iron disorders in pregnant and non-pregnant women. Int J Immunopathol Pharmacol. 2010; 

23(2):577-87. 

36. Paesano R, Pacifici E, Benedetti S, Berlutti F, Frioni A, Polimeni A, Valenti P: Safety and efficacy of 

lactoferrin versus ferrous sulphate in curing iron deficiency and iron deficiency anaemia in hereditary 

thrombophilia pregnant women: an interventional study. Biometals. 2014; 27(5):999-1006. 

37. Lee S, Guillet R, Cooper EM, Westerman M, Orlando M, Pressman E, O'Brien KO: Maternal inflammation at 

delivery affects assessment of maternal iron status. J Nutr. 2014; 144(10):1524-32. 

38. Cutone A, Rosa L, Lepanto MS, Scotti MJ, Berlutti F, Bonaccorsi di Patti MC, Musci G, Valenti P: Lactoferrin 

Efficiently Counteracts the Inflammation-Induced Changes of the Iron Homeostasis System in Macrophages. 

Front Immunol. 2017; 8:705. 

39. Rosa L, Cutone A, Lepanto MS, Paesano R, Valenti P: Lactoferrin: A Natural Glycoprotein Involved in Iron 

and Inflammatory Homeostasis. Int J Mol Sci. 2017; 18(9). 


