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Serum Ferritin — The Role of Birthweight

Abstract

Aims: To determine the serum ferritin levels amongst low birth weight neonates and to correlate it with
different categories of low birth weight. To determine the role of birth weight in predicting changes in
serum ferritin levels.

Methodology: This was a prospective comparative cross sectional 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 extremely low birth weight (ELBW), very low birth weight (VLBW), low
birth weight (LBW) normal birth weight and macrosomic. 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.
Serum ferritin was measured at birth and this was correlated with birth weight and gestational age.
Results: Serum ferritin levels ranged from 20.6 to 296.4pg/l.-Ferritin levels showed a steady increase in
relation to birth weight. (F = 42.453, P < .001). There was a significant.association between ferritin levels
and categories of birth weight. ELBW babies were 98 times more likely to have low ferritin levels than
babies with normal weight (P < .001, OR = 97.600, 95% C.I =10.083 — 944.711). VLBW and LBW
babies were less likely to have low ferritin levels than babies with normal weight (P < .001, OR = 0.070,
95% C.I = 0.017 - 0.291)(P = .006, OR = 0.201, 95% C.I = 0.064 — 0.635). Only birthweight was a
significant positive predictor of low ferritin levels (P = .024).
Conclusion: Serum ferritin in newborns shows a significant association with birth weight. Birth weight is
a positive predictor of low serum ferritin levels.
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Introduction

Iron is an-important nutrient required for body growth and development [1]. It plays a crucial role in
cellular. metabolism,. enzyme reactions, growth and repair of tissues, and in the development of the
immune system [1-4]. Although iron is required for general body growth and development [5-8], it plays a
particularly ‘important role in the brain [9-11]. Specific brain development processes that require iron
include. myelination [12], dopamine (a monoamine) metabolism [12,13], energy metabolism and
hippocampal dendritic growth [10,14]. This requirement for iron is of particular importance during the
period of rapid brain growth [15]. Iron deficiency (regarded as serum ferritin level <35ug/l) at this stage
of development causes significant neurocognitive impairments, which cannot be reversed even with
subsequent iron therapy [2,13,16,17].

Risk factors for iron deficiency at birth include; low birth weight; prematurity; maternal illnesses such as
diabetes mellitus and hypertension; and maternal lifestyle such as smoking [18]. In utero, iron accretion
occurs trans-placentally starting from 24 weeks of gestation and becoming maximal in the third trimester,
when rates reach 1.35mg/kg [2]. This period of maximum accretion also coincides with the period of



maximum foetal weight gain, with a corresponding average iron content of 75 mg/kg of body weight in
the third trimester [2]. Studies have also shown that, foetal weight gain increases steadily during this
period, reaching up to 24-25g/day in the third trimester [19]. With this daily increase in body weight,
there is an attendant increase in blood volume and organ mass, and thus an increased requirement and
capacity for iron storage [20]. However, even though a close interplay exists between in utero acquisition
of weight and advancement in gestational age, certain conditions may give rise to a discordance between
the two resulting in varying degrees of growth restriction despite advancement in gestational age [21,22].
These conditions result from a reduction in trans-placental transfer of nutrients, including iron, needed for
normal growth [21].

Clinical signs of iron deficiency amongst neonates include paleness, reduced activity, feeding intolerance,
edema, and an increased heart and respiration rate [2,23]. These are however.late signs which do not
occur until there is depletion of the brain’s iron stores [2]. Therefore, identifying neonates who are at risk
of low iron stores is critical in improving long term neurological outcomes. Several studies have
established the relationship between iron stores and gestational age [20,24-30]. Literature on its
relationship with birth weight are however few. We postulated that the serum ferritin levels increase with
increasing birth weight. We also postulated that the increase in ferritin levels which occur during gestation
is a factor of weight gain rather than only duration of gestation. This study:thus aimed to determine the
serum ferritin levels amongst low birth weight neonates and to-correlate it with different categories of low
birth weight. The study also aimed at determining the role of birth weight in.predicting changes in serum
ferritin levels.

Materials and Methods

This prospective comparative cross sectional 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 of all birth weights. These were categorized as follows: extremely low
birth weight (<1000g); very low birth weight (1000g < <15009); low birth weight (1500g - <2500g);
normal birth weight (2500g - <35009); and macrosomic (3500g and above). Babies with C-reactive
protein levels > 10mg/dl, 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 [31]); diabetes mellitus
or hypertension; and who smoked were excluded from the study. Subjects were enrolled consecutively
until the calculated sample size was reached. 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.

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 [20].

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 [32]:

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

Where:
P1 = Proportion of preterm babies from a previous study(10%) [28]
P2 = Proportion of term babies from a previous study (18%) [28]
Cp power = 13 when p value is 0.05 and power is 95%
Therefore:
n=1[(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 [33].
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 I. 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 I: 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 inTable II.

Table 11: Anthropometric indices of the study population

Weight categories (g) N OFC (cm) CC (cm) Length (cm)




(140) Mean (SD) Mean (SD) Mean (SD)

<1000g (ELBW) 9 24.17 (1.44)  21.44 (1.74) 26.44 (6.31)

1000-<1500g (VLBW) 13 30.35 (1.34) 28.73(2.48) 39.54 (4.68)

1500g-<2500g (LBW) 38 31.19 (7.34)  30.83(2.94)  43.07 (3.83)

2500 - <3500 (Normal) 66 34.96 (4.37) 33.82(2.25) 48.02 (2.14)

>3500 (Macrosomia) 14 37.12(1.02) 36.61(1.65) 52.93(2.64)

TOTAL 140  33.03 (5.81) 32.02 (4.23)  44.99 (6.90)

Ferritin levels in the study population

Serum ferritin levels ranged from 20.6 to 2961g/l with a mean of 93.1pg/1+ 57.7. Low serum ferritin was
observed in 22% of the population. Ferritin levels showed a steady increase in relation to birth weight. (F
=42.453, P <.001) (Table I11). However, this difference was not significant between ELBW and VLBW
babies.

Table 111: Comparison of mean ferritin levels by birthweight

Birthweight

*ELBW  *VLBW . LBW Normal Macrosomia F P value

Mean.+ Mean + Mean = Mean = Mean + SD

SD SD SD SD

Ferritin ~ 29.79 = 42.96 + 6413+ 106.82+ 194.76 42.453 <.001

levels 5.55 13.94 33.67 46.00 41.89

*Duncan multiple comparison indicating means not significantly different



There was an inverse relationship between the prevalence of low serum ferritin and birth weight, with
significantly higher prevalence occurring in the ELBWT, VLBWT and LBWT categories, when
compared with normal birth weight babies. There was also a significant association between ferritin levels
and categories of birth weight (P = .05) (Table IVV). ELBWT babies were 98 times more likely to have
low ferritin levels than babies with normal weight (P <.001, OR = 97.600, 95% C.I = 10.083 — 944.711).
VLBWT babies were less likely to have low ferritin levels than babies with normal weight (P < .001, OR
= 0.070, 95% C.I = 0.017 — 0.291). Similarly, LBWT babies were less likely to have low ferritin levels
than babies with normal weight (P = .006, OR = 0.201, 95% C.I = 0.064 — 0.635). All the macrosomia
babies have normal ferritin levels.

Table 1V: Association between ferritin levels and categories of birth weight

Ferritin levels P value OR 95% C.I'for OR

Low Normal
Birth weight (kg) n (%) n (%)
Normal 5(7.6) 61 (92.4)
ELBWT 8 (88.9) 1(11.1) <.001 97.600 10.083 — 944.711
VLBWT 7 (53.8) 6 (46.2) < .001 0.070 0.017 - 0.291
LBWT 11 (28.9) 27 (71.1) .006 0.201 0.064 - 0.635
Macrosomia 0 (0.0) 14(100.0) NA NA NA

*NA = Not applicable

Prediction of low ferritin

After including birthweight and GA in a multivariate logistic regression model, only birthweight was a
significant positive predictor of low ferritin levels (P =.024). Analysis also showed that a unit decrease in
birth weight led to a five times increased likelihood of having low serum ferritin levels (OR = 4.58, 95%
C.1 =1.223 - 17.149). There was no significant risk of having low ferritin levels with reducing gestational
age (Tables V and VI).



Table V: A multivariate logistic regression of Birthweight and GA predicting low ferritin levels

P value OR 95% C.I for OR
Birthweight .024 4.580 1.223-17.149
GA .599 1.085 0.801 —1.468

Table VI: A multivariate analysis of the predictors of ferritin levels

R R? B P value
Birthweight 0.756 0.571 40.862 <.001
GA 0.288 .875

Discussion

In this prospective study, serum ferritin was used to assess iron stores in both preterm and term babies
with a birth weight below normal. Several other markers are available to assess total body iron and iron
stores [34-41]. Some of these include serum iron, haemoglobin (Hb) and ferritin concentrations [35-37],
mean corpuscular volume (MCV) [11], total iron binding capacity [34], transferrin saturation [34], red cell
distribution width [34], zinc protoporphyrin [37], and serum transferrin receptor (sTfR) [39-41]. However,
each of these has major limitations, some of which include a lack of association with gestational age
[39,41], and a lack of specificity for iron deficiency [11,34]. Serum ferritin levels are reduced only in iron
deficiency [11,20], with a serum. ferritin level less than 35ug/1 being the cut-off in newborn babies [18].
On the other hand, serum ferritin levels are elevated during infection, inflammation and neoplasia [11,20].
Under these conditions, its elevated levels can mask the diagnosis of iron deficiency [11,20].

In this study, serum ferritin levels of newborn babies showed a steady rise with increasing birth weight.
This finding in both preterm and term low birth weight babies is consistent with the reports of several
other studies [42-44]. Agarwal and colleagues [43] observed that marginally LBW and LBW had lower
serum ferritin levels than normal birth weight babies. This difference however, was not as significant as
that obtained in this study, likely as a result of the higher mean gestational age of 36weeks for infants
enrolled in their study.

Serum ferritin showed a positive correlation with birth weight, with 57% of the changes that occur in
serum ferritin being attributable to birth weight. A similar positive correlation has been observed in some
other European studies [18, 44-58]. Faldella et al [45] noted that the smaller the preterm infants are at
birth, the more susceptible they are to iron deficiency. In addition, while studying venous and arterial



hematologic profiles of very low birth weight infants in Germany, Obladen [46] and co-workers
retrospectively reviewed four prospective longitudinal cohort studies. The data sets comprised 562 term
and preterm, very low birth weight (VLBW) infants from 20 centres between April 1989 and November
1995 [46]. The authors observed that one quarter of infants had serum ferritin less than 80ug/l and
transferrin saturation less than 10% [46], lower than that reported by Arad et al [47] and Olivares et al
[48]in normal birth weight preterm infants [46]. This large proportion in the latter studies may be
attributed to the high cut off value (<80ug/l) used to define low serum ferritin. Foetal iron deposit is
related to size at birth and to gestational age [18,20]. It has been documented that the average iron content
at birth is approximately 75 mg/kg of body weight, with storage occurring mostly during the third
trimester of gestation [9,18]. Ferritin represents the storage form of iron, and its serum levels are the
standard for the assessment of body iron stores even in preterm babies [20].

This study showed that birth weight was a better predictor of low ferritin devels than gestational age.
There is however a dearth of literature from which comparisons can be made. Contrary to the findings of
this study, various researchers have reported that preterm birth is a cause of low iron stores, with ferritin
levels being lower with decreasing gestational age [20,24-30] Rao and colleagues [19] studied iron in fetal
and neonatal nutrition. The authors showed that preterm birth deprives:the fetus of the significant iron
accretion that occurs beyond 32 weeks gestation [18]. However, the findings of the study also revealed
that 25-85% of preterm infants with a birth weight less than-2500g were at risk of iron deficiency during
infancy [18]. Thus, this observation may have been attributable to weight. rather than gestational age.
Sidappa and colleagues [20] also carried out a meta-analysis of 35 published studies over a period of 25
years. They documented a steady increase in ferritin level from a.mean-of 63ug/l at 23 weeks to 171ug/I
at 41 weeks gestation [20]. This analysis and other literature, unlike this current study, did not assess the
role of birth weight, independent of gestational‘age or in‘its comparison, in determining low serum ferritin
levels.

Conclusion

There is a wide variation in serum ferritin levels amongst low birth weight babies. Low serum ferritin
levels are also quite prevalent amongst this population with a significant association with categories of
birth weight. Birth weight can also positively predict variations in serum ferritin levels in newborn babies
Consent

Written informed consent was obtained from the parents of the study participants.

Ethical Approval

The study was approved by the University of Nigeria Teaching Hospital Health Research Ethics
Committee.
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