Serum Ferritin as an Indicator of Neonatal Anaemia

Abstract

Introduction: Haemoglobin levels are usually used to diagnose neonatal anaemia. By the time haemoglobin
levels drop, body iron is depleted. Serum ferritin is the standard measure for assessment of iron levels in
neonates and detects iron deficiency earlier than haemoglobin levels.

Aims: To determine the prevalence of low haemoglobin and ferritin levels amongst term and preterm
newborn babies. To determine the value of serum ferritin in the diagnosis of low iron stores amongst term
and preterm newborns.

Methodology: This was a cross sectional descriptive study carried out at the Neonatal Intensive Care Unit of
the University of Nigeria Teaching Hospital (UNTH), Enugu, Nigeria between June and December 2014.
The study included 140 newborns of all birth weights delivered at the UNTH. These were categorized into
preterm (gestational age <37 completed weeks) and term (gestational age >37 completed weeks. Babies with
C-reactive protein levels > 10mg/dl, who were intra-uterine growth restricted, and whose mothers had
conditions associated with low iron stores were excluded from the study. Anthropometric measurements
were done for all subjects. Haemoglobin estimation and ferritin assay were carried out and the prevalence of
neonatal anaemia was determined using each of these.

Results: The range of haemoglobin concentration in the study population was 12.22g/gl — 22.80g/dl. The
mean serum haemoglobin concentrations were 15.69mg/dl + 1.58 and 16.45 + 1.92 in the preterm and term
babies respectively (t = 2.557, P = .0116). The prevalence of low haemoglobin concentrations amongst both
preterm and term babies was zero= .024). The range of serum ferritin level in the study population was
20.6pg/l - 296pug/l. The mean serum ferritin levels were 63.13ug/l + 23.93 and 133.67pg/l £ 50.14 in the
preterm and term babies respectively (t = 10.623, P-< .001). The prevalence of low serum ferritin in the
study population was 22.14%, but was hlgher in preterm than term babies 35.7% vs 8.6%: (OR — 5.926, 95%
C. OR = 2.248 - 15.619)(P<.001).
Conclusion: Serum ferritin assay is more useful than haemoglobin as an indicator of anaemia during the
neonatal period.
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Introduction



Anaemia is characterized by a reduction in red cells mass or haemoglobin concentration to levels that are
insufficient to meet the metabolic needs of the body [1,2]. It is usually defined as a haemoglobin
concentration or haematocrit > 2 standard deviations below the mean for age [2]. Globally, the commonest
cause of this reduction is iron deficiency [1] Anaemia has been documented as the commonest
haematological disorder diagnosed at birth [2]. Despite this, there is a dearth of literature on this subject [3].
Studies have shown a prevalence of neonatal anaemia of 17.5 — 21% [3]. Risk factors include premature
birth, low birth weight, low maternal blood levels, bleeding in pregnancy (placenta previa and abruption
placenta and unsafe delivery practices [2]. Anaemia during the neonatal period has been linked to late
neurological deficits, and is a leading risk of perinatal mortality [3]. Healthy newborn babies are however
often not routinely screened for anaemia, but are usually only screened following hospitalization.

“Accurate determination of iron status is crucial for diagnostic and screening purposes”.[4] “Several markers
are available to assess total body iron and iron stores” [5]. "Some of these include serum iron; haemoglobin
(Hb) concentrations, ferritin concentrations, mean corpuscular volume (MCV), total iron binding capacity
(TIBC), transferrin saturation, red cell distribution width, zinc protoporphyrin (ZnPP), and serum transferrin
receptor (STfR)” [5]. "However, each of these has major limitations, some of which include a lack of
association with gestational age, and a lack of specificity for iron deficiency” [5]. “There is thus no
agreement on the specific laboratory criteria for iron deficiency” [6]. “There is.also no consensus concerning
whether to use single or multiple criteria, and on which iron status variables to use” [6]. “The usual
requirement is either a low serum ferritin or a combination of multiple criteria, such as, abnormal values for
any two of three iron status variables” [7].

In clinical settings however, haemoglobin estimationalone.is usually used for decision making [3]. This is as
a result of its ease of estimation and interpretation of results [8]. For decades, defining cut-off values for low
haemoglobin in infants and children has been asource of debate [9]. In addition, cut-offs for neonates are not
included in most guidelines and recommendations. [9]. Among both term and preterm babies, haemoglobin
concentrations of 15mg/dl have been reported as optimal [10]. However, minimal acceptable levels are much
lower than this (12 g/dl for preterm infants and11 g/dl for full-term neonates) [10]. “That notwithstanding,
haemoglobin concentration alone cannot be used to. diagnose iron deficiency” [1]. “This is due to the
hierarchical loss of tissue iron” [11-13]. “This means that, in the presence of iron deficiency, there is a
preference to maintain red blood.cell (RBC) iron for the synthesis of haemoglobin, at the expense of brain,
heart and skeletal muscle iron stores” [11-13]. "Thus, by the time measured serum iron deficiency is
obtained, iron stores have already been depleted” [11].

“Ferritin is the major storage form of iron” [4,11]. “In the body, small amounts of ferritin are secreted into
the plasma” [14].“The concentration of this is positively correlated with the size of the total body iron stores
in the absence-of inflammation™ [14]. “Serum ferritin levels are reduced only in iron deficiency, and are the
most sensitive biomarker to test for early stages of iron deficiency as well as iron deficiency anemia”. [4,11,
15]. “In addition, the body ferritin levels, in contrast to haemoglobin, are not affected by residential elevation
above sea level or smoking behavior” [14]. Different cut-offs have been described for defining low ferritin
[16-18]. However, levels below 35ug/1 have been found to been associated with depletion of brain stores and
with consequent effects on brain function [19]. Serum ferritin estimation has been recommended as the
standard for the assessment of body iron stores in both term and preterm babies [4,11].

Serum ferritin being an acute phase reactant, can however be increased in the presence of inflammation
[11,14]. Thus, its interpretation requires exclusion of other causes of inflammation [20]. The author thus
hypothesizes that, amongst preterm and term babies, serum ferritin may be a better indicator of anaemia than
haemoglobin. This study thus aims to determine the prevalence of low haemoglobin and ferritin levels
amongst term and preterm newborn babies. It also aims to determine the value of serum ferritin in the
diagnosis of low iron levels amongst term and preterm newborns.

Materials and Methods



This cross sectional descriptive study was carried out at the Neonatal Intensive Care Unit of the University of
Nigeria Teaching Hospital (UNTH), Enugu, Nigeria between June and December, 2014. The study included
140 neonates. These were categorized as follows: 70 preterm babies (gestational age < 37 completed weeks)
and 70 term babies (gestational age > 37 completed weeks). Babies with C-reactive protein levels > 10mg/dl
(to exclude other causes of inflammation), who were intra-uterine growth restricted, and whose mothers: had
ante partum haemorrhage or other bleeding episodes during pregnancy; had severe anaemia (haemoglobin
cut-off point of less than 11g/dl defines maternal anaemia in the later stages of pregnancy [21]); diabetes
mellitus or hypertension; and who smoked were excluded from the study. Subjects were enrolled
consecutively until the calculated sample size was reached.

Data was collated and analysed using Statistical Package for Social Sciences (SPSS) Version 20.
Relationships between continuous variables were determined using correlation and linear regression analysis.
Means of continuous variables were compared using Student’s t-test, while associations between categorical
variables were determined using chi-square and logistic regression analysis as applicable. All tests were
considered significant at P <.05.

Blood Sample Collection

Umbilical venous blood was collected from a double clamped segment of the umbilical cord during delivery.
“This was then placed into a small study designated storage box.at room. temperature designated.
Subsequently, the Howard Kelly forceps on one end of the section of the cord was removed. The umbilical
vein was identified and depending on its size, a 5,6 or 8 Fr gauge nasogastric tube attached to a 10ml syringe
was inserted and at least 6ml of blood was withdrawn. Where this did not work, the blood was obtained by
venopuncture of the side of the cord corresponding to the identified umbilical vein. A drop (approximately
0.2 ml) of the blood obtained was first immediately dropped onto a microcuvette which was inserted into the
Hemocue® Hb 201" for estimation of haemoglobin concentration. Serum was then obtained from the
remaining blood for both CRP and ferritin estimation at the Haematology laboratory of UNTH using the
Diagnostic Automation 800 ELISA machine®. Low ferritin was regarded as a measured serum level of less
than 35ug/1” [11].

Sample Size Determination

“The sample size (n) for an infinite population of more than 10,000 was first obtained using the formula for
the comparison of proportions” [22]:

n=[P1(1-P1) +P2(1-P2)] x Cp power
(P1< P2)?

Where:
P1 = Proportion of preterm babies from a previous study(10%) [23]
P2 = Proportion of term babies from a previous study (18%) [23]
Cp power = 13 when p value is 0.05 and power is 95%
Therefore:
n =[(0.1)(0.9) + (0.18)(0.82)] x 13 = 483
(-0.08)*

“Since this study was done on a finite population (less than 10,000), the sample size for a finite population
was then derived using the formula below” [24].
nf = no

(1+ no/N)

Where :
nf = final (or minimum) sample size
no = initial sample size (derived above)



N = population of preterm births over a 12 month period in UNTH i.e. 70.
nf = 483 = 61
(1 + 483/70)
An attrition rate of 10% was used in the study to account for possible sample loss. Thus, the total minimum
sample size was calculated to be 67 preterm babies, which was rounded off to 70 each.

Results
Study characteristics

The baseline characteristics of the study population is shown in Table 1. There were 68 males and 72
females, giving a male to female ratio of 0.9:1. Mothers of 84 (60%) babies reside in urban areas while
mothers of 56 (40%) babies reside in rural areas. Majority of the subjects (36.4%) were of the upper
socioeconomic class.

Table 1: Demographic, maternal and neonatal variables

Characteristics Preterm Term Total
n = 70 (50%) n = 70 (50%) n = 140 (100%)
Gender
Male 34 (24.3) 34 (24.3) 68
Female 36 (25.7) 36 (25.7) 72
70 70 140
Tribe
Ibo 68 64 132
Yoruba 1 3 4
Hausa/Fulani 1 3 4
70 70 140
Socioeconomic Class
Upper 27 24 ol
Middle 15 26 41
Lower 28 20 48
70 70 140

The gestational age of the study population ranged from 25 weeks to 39 weeks, with birth weight ranging
from 0.55kg to 5.2kg. The distribution of other anthropometric parameters amongst the study population is
shown in Tables 2 and 3.



Table 2: Anthropometric indices of the preterm babies

Gestational age N Weight (g) Length (cm) OFC (cm) CC (cm)
(weeks) (70) Mean (SD)  Mean (SD) Mean (SD) Mean (SD)
<28 7 680 (0.80) 24.29 (4.82) 23.71(1.07) 21.14 (1.21)
28 - <32 27 1610 (0.46)  39.50 (4.41)  27.49 (9.73) 29.24 (3.29)
32-36 36 2288 (0.51) 45.39(3.62) 33.64 (1.73) 31.46 (3.58)
TOTAL 70 1861 (0.68)  41.06 (7.44) 30.27 (7.11) 29.55 (4.43)
Table 3: Anthropometric indices of the term babies

Gestational age N Weight (g) Length (cm) OFC (cm) CC(cm)
(weeks) (70) Mean (SD)  Mean (SD) Mean (SD) = Mean (SD)
37 32 2840 (270)  47.27(2.26)  34.94(1.38)  33.30 (1.63)
38 28 3750 (610)  49.84 (2.53) 36.25(0.91) 35.21 (1.93)
39 10 4210 (700)  51.80(3.49)  37.20(0.95) 36.10 (1.35)
TOTAL 70 3400 (0.73) . 48.92(3.03) 3579 (1.42) 34.49 (2.04)

Haemoglobin concentrations in the study population

The range of haemoglobin concentration in the study population was 12.22g/gl — 22.80g/dl. The mean serum
haemoglobin concentrations were 15.69mg/dl + 1.58 and 16.45 + 1.92 in the preterm and term babies
respectively (t = 2.557, P = .0116). The prevalence of low haemoglobin concentrations amongst both
preterm and term babies waszero.

Ferritin levels in the study population

The range of serum ferritin level in the study population was 20.6pug/l - 296pg/l. The mean serum ferritin
levels were 63.13ug/l + 23.93 and 133.67ug/l £ 50.14 in the preterm and term babies respectively (t =
10.623, P <.001). The prevalence of low serum ferritin in the study population was 22.14%, but was higher
in preterm than term babies 35.7% vs six 8.6%: (OR — 5.926, 95% C.I OR = 2.248 — 15.619)(P <.001). In
addition, preterms were found to be six times more likely than term babies to have low serum ferritin levels
(OR -5.926, 95% C.1 OR = 2.248 — 15.619) (Table 4).

Table 4: Frequency of low serum ferritin levels in preterm and term subjects

Ferritin Preterm Term Significance OR 95 % C.I for
levels (ng/l) OR

Low n (%) 25 (35.7) 6 (8.6) P <.001 5.926 2.248 -15.619
Normal n (%) 45 (64.3) 64 (91.4)

(ng/l = microgram per liter, C.I = confidence interval, OR = odds ratio))



Discussion

The mean haemoglobin concentration of newborn babies in this study was similar to the values of 12.54 +
2.54 g/dl and 13.44 + 2.23 g/dl (P = 0.02) obtained by Adediran et al [25] in South-West Nigeria amongst
term anaemic and non anaemic respectively. However, higher values were recorded by Tiruneh et al [26] in
Ethiopia and Esslami et al [27] in Iran. This difference could be explained by the slightly higher and much
higher sample sizes used in the former and latter studies respectively. It should however be noted that there is
paucity of literature on mean haemoglobin levels in the entire population of newborns. Most literature
concentrate on subsets of newborns such as low birth weight, anaemic, or categories of preterm neonates
[28-30].

Haemoglobin levels were significantly lower in preterms when compared with term babies. This is similar to
the findings by Eslami et al [27] of a mean hemoglobin value of cord blood in preterm neonates of 14.77g/dl
+/- 1.69, and in term neonates of 15.4g/dl +/- 5.07 SD and SD. (P=0.036). It has previously been
documented that between 22 and 40 weeks gestation, haemoglobin concentrations increase linearly by
approximately 0.21g/dl per week of gestation [N]. This reflects the increasing metabolic needs of the
growing foetus with a concurrent increase in cell mass and body size [31].

Using the recommended cut-off of 11g/dl and 13g/dl in preterm and term babies yielded a zero prevalence
for foetal anaemia. Several other cut-offs have been recommended for both healthy and sick neonates
[1,6,31,32]. The World Health Organization (WHQO) recommends 11g/dl as the cut-off to define anaemia in
infants and children [1]. However, these cut-offs were derived from a few western studies and have not been
revised since. Also, this value was applied to infants from six months of age and did not include newborn
babies [1]. Domell6f et al [6] conducted a study to re-evaluate the diagnostic criteria for iron deficiency
amongst infants. A slightly lower cut-off of 10:5g/dl was obtained [6]. This however was also limited to
infants 6-9 months of age [6]. Haemoglobin cut-offs to establish-anemia amongst neonates remains a subject
of debate. Using higher haemoglobin cut-offs, several other studies have documented a prevalence for foetal
anaemia ranging from 5.7-65.6% [24,32,33] Adediran et al {25] in South West Nigeria reported a prevalence
of 28.9%, while a prevalence of 65.6% was obtained in Abakaliki, South East Nigeria [34]. Values of 26.4
have been reported in other parts of Nigeria [35] An_even lower prevalence has been observed in other parts
of Africa [24, 34] and in Western countries [36-38]. In contrast to this however, the prevalence of iron
deficiency without anaemia amongst toddlers in the US has been estimated at between 6.6% and 15.2% [39].

In our study, using a serum ferritin concentration of <35ug/L to define low serum ferritin levels, the
prevalence of low serum ferritin was 22.14%. Several studies have reported on the prevalence of low ferritin
levels amongst newborn babies [9,11,16]. Ferritin measurements and corresponding cut-offs facilitate the
monitoring of iron deficiency trends and the assessment of the impact of health and nutrition interventions
[14]. However, the lack of normative values for serum ferritin concentration amongst neonates with
gestational age between 23 and 41 weeks has led to difficulty in establishing the prevalence of low iron
stores amongst this population [9]. “The WHO/CDC in 2005, stated that serum ferritin values of less than 12
pg/l in children <5 years are indicative of a depletion of iron stores” [14]. “In neonates however, and more
especially in preterms, rapid growth and development creates a greater demand for iron, with larger iron
stores needed to meet this demand” [11,12,40,41]. “Thus, at serum ferritin levels of <15ug/l, the neonate
already has deficient iron stores with a significant risk for neurodevelopmental problems” [19]. “Several
authors have proposed different values for the definition of low ferritin in neonates” [4,11, 19]. “Sidappa and
co-workers [19] in USA, 2004, were able to estimate from existing nomograms that newborn ferritin
concentrations less than 35ug/l represent a risk to the developing brain”. “This value was thus used as a cut-
off in their neurodevelopmental studies” [42].

The prevalence of low serum ferritin obtained in this study is much lower than the 59.2% obtained by
Adediran et al [43] in an earlier study on term babies in South-West Nigeria. This is despite the use of a
higher ferritin cut-off of 60ug/l. The use of term babies alone also dampened the effect as ferritin levels are



known to increase with gestational age. A much lower prevalence of 19.8% was obtained by Zhang et al [16]
in a cohort of full term normal birth weight infants in China, using similar cut-offs as ours. However, the
authors excluded babies with a C-reactive protein (CRP) of > 5 mg/l, compared with 10mg/l used in this
current study. It has been widely agreed that, in addition to ferritin, an independent indicator of the acute
phase response, such as C-reactive protein (CRP), a-1 antichymotrypsin (ACT), a-1- acid-glycoprotein
(AGP) and serum amyloid A, should be measured [14,44-46]. CRP is the most commonly used as it responds
quickly to inflammation [19,20,47-49] with values of greater than 10mg/dl being the cut-off signifying
infection [18,19,45-47]. Using lower cut-offs than this can result in the inclusion of subjects whose serum
ferritin concentrations may be reflective on an inflammatory process, thereby reducing the number of
newborns seen as having low serum ferritin, and thus reduce the prevalence of low serum ferritin.

According to the American Academy of Family Physicians, the sensitivity of serum ferritin for the diagnosis
of iron depletion is 89% compared with 26% for hemoglobin [15]. In addition, a ferritin cut off of < 30
ng/mL is 92% sensitivity and 98% specificity for the diagnosis of iron deficiency anemia, and is the best
screening test for this disorder [15]. As iron deficiency without anaemia is poorly recognised by clinicians
despite its high prevalence, adequate evaluation using appropriate tests will identify early stages of iron
deficiency and will potentially result in iron therapy, preventing iron deficiency anemia [15,39].

Conclusion

The assessment of low iron stores in newborn babies is crucial to their. subsequent well-being. There is a
wide variation of haemoglobin levels amongst newborn babies. The prevalence of anaemia was zero using
haemoglobin levels to determine iron stores, and 22.14% using ferritin concentrations. Using serum ferritin
in the diagnosis of low iron stores is thus more beneficial.

Ethical Approval and Consent

The study was approved by the University of Nigeria Teaching Hospital Health Research Ethics Committee.
Written informed consent was obtained from the parents of the study participants.

References

1. WHO. Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Vitamin
and Mineral Nutrition Information System. Geneva, World Health Organization, 2011
(WHO/NMH/NHD/MNM/11.1) (http://www.who.int/vmnis/indicators/haemoglobin. pdf, accessed [Nov
30, 2013])).

2. Walter AW(ed); Perinatal Anemia..MSDS Manual. Merck & Co, Inc., Rahway, NJ, USA Last
review/revision Dec 2022. Available at: https://www.msdmanuals.com/professional/pediatrics/perinatal-
hematologic-disorders/perinatal-anemia. Accessed: April 30, 2023.

3. Algahtany FS..Anaemia of the newborn: A review. Eur J Mol Clin Med. 2020;07(02): 3590.

4. WHO guideline on use of ferritin concentrations to assess iron status in individuals and populations.
Geneva: World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 IGO.

5. Beard J, deRegnier RA, Shaw M, Rao R, Georgieff M. Diagnosis of iron deficiency in infancy. Lab
Med 2007; 38: 103-108.

6. Domellof.M, Hernell O, Dewey KG, Lénnerdal B, Cohen RJ. The Diagnostic Criteria for Iron

Deficiency in Infants Should Be Reevaluated, J Nutr. 2002; 132(12): 3680-6.

https://doi.org/10.1093/jn/132.12.3680.

Cook JD, Finch CA, Smith NJ, Evaluation of the iron status of a population. Blood. 1976; 48: 449-455.

8. Karakochuk CD, Hess SY, Moorthy D, Namaste S, Parker ME, Rappaport Al et al. HEmoglobin
MEasurement (HEME) Working Group. Measurement and interpretation of hemoglobin concentration in
clinical and field settings: a narrative review. Ann N Y Acad Sci. 2019;1450(1):126-46.

~



10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Addo OY, Yu EX, Williams AN, Young MF, Sharma AJ, Mei Z et al. Evaluation of hemoglobin cutoff
levels to define anemia among healthy individuals. MDAMA Network Open. 2021;4(8):e2119123.
doi:10.1001/jamanetworkopen.2021.19123.

Linderkamp O, Zilow EP, Zilow G. Kritische H&moglobinwerte bei Neugeborenen, Sauglingen und
Kindern [The critical hemoglobin value in newborn infants, infants and children]. Beitr Infusionsther.
1992;30:235-46; discussion 247-64. German. PMID: 1284712.

Siddappa AM, Rao R, Long JD, Widness JA, Georgieff MK. The assessment of newborn iron stores at
birth: A review of the literature and standards for ferritin concentrations. Neonatology. 2007; 92: 73-82.
Cheng C, Juul S. Iron balance in the neonate. Neoreviews 2011; 12: 148-158.

Rao R, Georgieff MK. Iron in fetal and neonatal nutrition. Semin Fetal Neonatal Med. 2007; 12: 54-63.
WHO. Serum ferritin concentrations for the assessment of iron status and iron deficiency.in populations.
Vitamin and Mineral Nutrition Information System. Geneva, World Health Organization, 2011
(WHO/NMH/NHD/MNM/11.2). doi. http://www.who.int/vmnis/indicators/serum_ferritin. pdf, accessed
May 05, 2020

American Academy of Family Physician. Avoid using hemoglobin to evaluate patients for iron
deficiency in susceptible populations. Instead, use ferritin. Available at:
https://www.aafp.org/pubs/afp/collections/choosing-wisely/432.html. Accessed: May 09, 2023.

Joy Y. Zhang, Jing Wang, Qinsheng Lu, Meizhen Tan, Ru Wei, Gendie E. Lash; Iron stores at birth in a
full-term normal birth weight birth cohort with a low level of inflammation. Biosci Rep. 2020; 40 (12):
BSR20202853. doi: https://doi.org/10.1042/BSR20202853

Kim H, Park S, Lee E. Iron status in small for gestational age and appropriate for gestational age infants
at birth. Clin Exp Pediatr. 2019; 62(3): 102-107._doi: https//doi.org/10.3345/kjp.2018.06653

Sweet DG, Savage G, Tubman TRJ, Lappin . TRJ, Halliday HL. Study of maternal influences on fetal
iron status at term using cord blood transferrin receptors. Arch Dis Child Fetal Neonatal Ed 2001; 84:
F40-F43.

Siddappa AM, Georgieff MK, Wewerka S, Worwa C, Nelson CA, deRegnier RA. Iron deficiency alters
auditory recognition memory in newborn infants of diabetic mothers. Pediatr Res. 2004; 55: 1034-41.
World Health Organization/Centers for Disease Control and Prevention. Assessing the iron status of
populations: a report of a joint World Health Organization/Centers for Disease Control technical
consultation on the assessment of iron status at the population level. Geneva; 2004 April. Available at:
http://whqlibdoc.who.int/publications/2004/9241593156 _eng.pdf.

Accessed January 4, 2008.

Chen X, Scholl TO, Stein TP. Association of elevated serum ferritin levels and the risk of gestational
diabetes mellitus in pregnant women: The Camden study Diabetes Care 2006; 29: 1077-1082.

Whitley E, Ball J. Statistics review 4: Sample size calculations. Critical Care .2002; 6: 335-341.

Carpani G, Marini F, Buscaglia M, Sinigaglia E, Moroni G. Red cell and plasma ferritin in normal
fetuses at different ages of gestation. Eur J Haematol. 1992; 49: 260-262.

le Cessie S, Verhoeff FH, Mengistie G, Kazembe P, Broadhead R, Brabin B. Changes in haemoglobin
levels in infants in Malawi: effect of low birth weight and fetal anaemia. Arch Dis Child Fetal Neonatal
Ed. 2002;86:F182-F187.

Adediran A, Gbadegesin A, Adeyemo T, Akinbami A, Osunkalu V, Ogbenna A, et al. Cord blood
haemoglobin and ferritin concentrations in newborns of anaemic and non-anaemic mothers in Lagos,
Nigeria. Nig Med J. 2013; 54(1): 22-26. DOI: 10.4103/0300-1652.108889.

Tiruneh T, Shiferaw E, Enawgaw B. Prevalence and associated factors of anemia among full-term
newborn babies at University of Gondar comprehensive specialized hospital, Northwest Ethiopia: a
cross-sectional study. Ital J Pediatr. 2020 Jan 3;46(1):1. doi: 10.1186/s13052-019-0764-1.

Eslami Z, Ghilian R, Abbasi F. Evaluation of hemoglobin concentration of cord, capillary and venous
sampling in neonates. Iran J Ped Hematol Oncol. 2012;2(4):159-63. Epub 2012 Sep 22.




28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.
41.
42.

43.

44,

45.

46.

47.

Kalteren W, Mebius M, Verhagen E, Tanis J, Kooi E, Bos A. Neonatal hemoglobin levels in preterm
infants are associated with early neurological functioning. Neonatology. 2011; 118(5): 593-9.
https://doi.org/10.1159/000518655.

Hasanbegovic E, Cengic N, Hasanbegovic S, Heljic J, Lutolli I, Begic E. Evaluation and treatment of
anemia in premature infants. Med Arch. 2016 Dec;70(6):408-412. doi: 10.5455/medarh.2016.70.408-
412.

Banerjee, J., Asamoah, F.K., Singhvi, D. et al. Haemoglobin level at birth is associated with short term
outcomes and mortality in preterm infants. BMC Med 13, 16 (2015). https://doi.org/10.1186/s12916-014-
0247-6

Jopling J, Henry E, Wiedmeier SE, Christensen RD. Reference ranges for hematocrit‘and blood
hemoglobin concentration during the neonatal period: data from a multihospital health care system.
Pediatrics. 2009 Feb;123(2):e333-7. doi: 10.1542/peds.2008-2654. PMID: 19171584,

Centers for Disease Control and Prevention (CDC) (1998) Recommendations to prevent and control iron
deficiency in the United States. Morb. Mortal. Wkly. Rep. 47:1-29.

Uneke CJ, Duhlinska DD, Ujam TN. Effects of Maternal Plasmodium falciparum malaria.and HIV
infection on birth weight in southeastern Nigeria. Mcgill J Med. 2009 Nov 16;12(2):42. PMID:
21152333; PMCID: PMC2997242.

West B, Arthur A, Aitafo J, Omunakwe H. Prevalence, Associated Factors and Outcome of Newborns
with Anaemia as Seen in Rivers State University Teaching-Hospital, Nigeria. Arch Curr Res Int.
2021;21(4):23-24. doi: 10.9734/ACRI/2021/v21i430241

Brabin BJ, Kalanda BF, Verhoeff FH, Chimsuku LH, Broadhead RL. Risk factors for fetal anaemia in a
malarious area of Malawi. Ann Trop Paediatr. 2004;24:311-21

Lee S, Guillet R, Cooper EM, WestermanM, Orlando M, Kent T, et al. Prevalence of anemia and
associations between neonatal iron status, hepcidin, and maternal iron status among neonates born to
pregnant adolescents. Pediatr Res.2016;79(1):42-48.

Kalteran WS, Horst HJH, de Vetten L, KooiEM, Bos AF. Perinatal anemia is associated with neonatal
and neurodevelopmental outcomes.in infants with moderate to severe perinatal asphyxia. Neonatology.
2018;114(4):315-322.https://doi.org/10.1159/000490369

Augusta de S& S, Willner E, Aguiar DuraesPereira T, Rosse de Souza V, TelesBoaventura G, Blondet de
Azeredo V. Anemia in pregnancy: impact on weight and in the development of anemia in newborn.
Nutrcion Hospitalaria. 2015;32(5):103-105. DOI: 10.3305/nh.2015.32.5.9186

Al-Naseem A, Sallam A, Choudhury S, Thachil J. Iron deficiency without anaemia: a diagnosis that
matters. Clin Med J. 2021; 21(2): 107-113; DOI: 10.7861/clinmed.2020-0582

Collard KJ. Iron homeostasis in the neonate. Pediatrics 2009; 4:1208-1216.

Rao R, Georgieff MK. Iron therapy for preterms. Clin Perinatol 2009; 36: 27-42.

Siddappa AM, Georgieff MK, Wewerka S, Worwa C, Nelson CA, deRegnier RA. Iron deficiency alters
auditory recognition memory in newborn infants of diabetic mothers. Pediatr Res 2004; 55: 1034-41
Adediran A, Gbadegesin A, Adeyemo TA, Akinbami A, Osunkalu VO, Ogbenna AA, et al. Haemoglobin
and ferritin concentrations in cord blood in a tertiary health centre in Nigeria. Nig Q J Hosp Med. 2011
Oct-Dec;21(4):284-9. PMID: 23175892.

Chew EC, Lam JC. Diagnosis and management of iron deficiency anaemia in children - A clinical
update. Proceedings of Singapore Healthcare 2012; 21: 278-295.

Shao J, Rao R, Georgiff MK, Kaciroti N, Felt BT, Zhao Z, et al. Maternal serum ferritin concentration is
positively associated with newborn iron stores in women with low ferritin status in late pregnancy. J Nutr
2012; 142: 2004-2009.

Baker RD, Frank R. The Committee on Nutrition. Diagnosis and prevention of iron deficiency and iron-
deficiency anemia in infants and young children (0 —3 years of age). Pediatrics 2010; 126: 1040 - 1050.
Kawamura M, Nishida H. The usefulness of serial C-reactive protein measurements in managing
neonatal infection. Acta Pediatr. 1995; 84: 10-13.




48. Benitz W, Han M, Madan A, Ramachandra P. Serial serum C-reactive protein levels in the diagnosis of

neonatal infection. Pediatrics 1998; 102: 41.
49. Kocabas E, Sarik¢ioglu A, Aksaray N, Seydaoglu G, Seyhun Y, Yaman A. Role of procalcitonin, C-
reactive protein, interleukin-6, interleukin- 8 and tumor necrosis factor-a in the diagnosis of neonatal

sepsis. Turk J Pediatr 2007; 49: 7-20.



