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Abstract

Although a mild degree of anemia is common
in the third trimester of pregnancy, it remains a
challenge to establish whether a decrease in
hemoglobin (Hb) concentration is physiological
or pathological. The World Health Organization
suggested a Hb concentration of 110 g/L to dis-
criminate anemia. Several European investiga-
tors recommended Hb cut-off values of between
101-110 g/L. The aim of this study was to estab-
lish short-term effects of iron supplementation
on the hemoglobin content of reticulocytes
(Ret-He) and red blood cells (RBC-He) in case
of suspected iron deficient erythropoiesis (IDE)
in the third trimester of pregnancy. Twenty-five
subjects with suspected IDE during pregnancy
(Hb <110g/L, Ret-He <29.6 pg, zinc protopor-
phyrin >75 mol/mol hem) participated in the
study. After iron supplementation, reticulocyte
counts increased from 0.061+0.015x10'2/L to
0.079+0.026x101%/L and Ret-He increased from
23.6+2.8 pg to 28.3+2.6 pg (P=<0.001). RBC-He
increased from 26.9+1.9 pg to 27.4+1.8 pg (not
significant, NS) and Ret-He/RBC-He ratio
increased from 0.97+0.06 towards 1.07+0.05
(P=<0.001). Hb concentrations demonstrated
an obvious increase from 105+6 g/l towards
11545 g/L (P<0.001) after supplementation. An
obvious increase in RBC distribution width was
observed from 45.0+3.6 fL towards 52.3+7.0 fL
(P<0.001). We recommend that Ret-He and Ret-
He/RBC-He ratio be integrated into the proto-
cols for anemia screening and for monitoring
effects of iron supplementation during pregnan-
cy. In particular, the parameters should be con-
sidered in subjects with Hb results in the con-
troversial range of 101-108 g/L.

Introduction

A high prevalence of anemia during preg-
nancy has been reported worldwide, ranging
from 2% to 30% in developed countries.!
Anemia during pregnancy is partly due to phys-
iological hemodilution and insufficient avail-
ability of essential nutrients for hemoglobin
(Hb) synthesis and red blood cell (RBC) pro-
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duction in the erythron, such as iron, folic acid
and vitamin B12.4 In the last trimester of preg-
nancy, decreased Hb concentrations as a result
of functional iron deficiency may be associated
with complications such as maternal infection,
low birth weight and premature delivery.56

Although a mild degree of anemia is com-
mon in the third trimester of pregnancy, it
remains a challenge to establish whether a
decreased Hb concentration is a physiological
or pathological phenomenon due to iron defi-
cient erythropoiesis (IDE).457

Disagreement in diagnostic guidelines in
obstetric practice illustrates the complexity of
establishing discriminating Hb levels for
screening anemia during pregnancy. The
World Health Organization (WHO) suggested a
Hb concentration of 110 g/l to discriminate
anemia.® European investigators recommend
Hb cut-off values of between 101-110 g/L.4%-13

The aim of this study was evaluate the pos-
sible beneficial effects of iron supplementa-
tion on the hemoglobin content of reticulo-
cytes and RBCs in subjects with inconclusive
Hb concentrations in the third trimester of
pregnancy.

Hemocytometric parameters such as Hb
concentration and mean corpuscular volume
(MCV) demonstrate poor sensitivity for the
detection of short-term disturbances in ery-
thropoiesis during pregnancy.>’ In addition,
biomarkers reflecting iron status, ie. serum
concentrations of ferritin, transferrin receptor
(TfR) and transferrin saturation (TfSat),
reveal serious limitations concerning clinical
interpretation.*’ It should be emphasized that
functional IDE and definite IDE are not mutu-
ally exclusive phenomena. Both phenomena
may co-exist, particularly during the last
trimester of pregnancy when low-level inflam-
mation together with depleted iron stores is
likely to occur.l? It is still a challenge to estab-
lish appropriate cut-off limits for evaluating
the shift of hemoglobin content of RBCs in the
course of pregnancy. A suitable biomarker for
detection of /ong-term IDE is the zinc protopor-
phyrin hem ratio (ZPP/Hb ratio). In subjects
without iron supplementation, ZPP will clearly
increase in the last trimester of pregnan-
cy.101415  Recently, new hemocytometric
parameters such as erythrocyte hemoglobin
content (RBC-He), reticulocyte hemoglobin
content (Ret-He) and Ret-He/RBC-He ratio
have been demonstrated to yield useful bio-
markers for the detection of insufficient hemo-
globinization in the third trimester of pregnan-
¢y.>16 In healthy subjects, Ret-He results
exceed those of RBC-He, amounting to 5-15%.
From corresponding shifts in decreased values
for Ret-He and Ret-He/RBC-He ratios, respec-
tively, a temporarily decreased degree of hemo-
globinization is achieved. The RET-He/RBC-He
ratio provides accurate and sensitive informa-
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tion concerning the deviation in hemoglobin
content between the (normocytic) RBC popu-
lation (RBC-He) and the (hypochromic) retic-
ulocyte population (Ret-He).1”

In contrast to ZPP and RBC-He, Ret-He
reflects a short-term indication corresponding
to a lifespan of reticulocytes in the blood circu-
lation of several days.!8

Materials and Methods
Study design

Subjects with inconclusive Hb concentra-
tions in the range 101-110 g/L in the third
trimester of pregnancy were selected for inclu-
sion in the screening program. The subjects
were subsequently supplemented with ferrous
fumarate (200 mg 2 times a day, approx. 200
mg iron a day) according to local practice.!?
From the first trimester of pregnancy, 400 g
folic acid was given as supplement in a multi-
vitamin tablet (Centrum® Materna). After four
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weeks of iron supplementation, blood samples
were drawn to establish hemocytometric
parameters to evaluate RBC and reticulocyte
hemoglobin content.

Hemocytometry

Hemocytometric analyses were performed
within 4 h after collection of blood samples
(K,EDTA, Becton Dickinson, Plymouth, UK) on
a Sysmex XE2100 hematology analyzer
(Sysmex  Corporation, Kobe, Japan).
Reticulocyte methodology of measurement is
based on automated fluorescent flow cytometry
utilizing a polymethine dye for binding cyto-
plasmic RNA. The mean forward light scatter
intensity in the reticulocyte channel is esti-
mated as a measure that reflects particle vol-
ume and Hb content of RBCs and reticulocytes,
respectively. Hb content was initially reported
as RBC-Y for RBCs and RET-Y for reticulocytes.
Subsequently, algorithms y=6.4*g0-0009"Ret-Y
and y= 6.4%e0-0009°RBC-Y were applied in order to
transform arbitrarily reported channel num-
bers of the RET-Y and RBC-Y into hemoglobin
content equivalents.!® Hb content in reticulo-
cytes and RBCs is expressed in pg and denoted
as RET-He and RBC-He, respectively.

Zinc protoporphyrin hem ratio

Measurements of zinc protoporphyrin hem
ratio (ZPP/Hb ratio) were performed on a
hematofluorometer (AVIV Biochemical Inc.,
Lakewood, NJ, USA) using front surface illumi-
nation fluorometry.2?

Statistical analysis

SPSS/PC statistical software, version 14.0
for Windows, was applied for statistical analy-
sis of results (SPSS, Chicago, IL, USA). Paired-
sample t-tests were performed to detect statis-
tically significant deviations between results
before and after iron supplementation. P<0.05
was considered statistically significantly dif-
ferent. Data are expressed as mean
values+SD, unless specified otherwise.

Results

The study included a group of 25 subjects
during the third trimester of pregnancy. On
suspicion of IDE, we selected parameters to
discriminate subjects with Hb <110g/L.
Additionally, MCV 80-100 fL, Ret-He <29.6 pg
and ZPP >75 mol/mol hem were applied as ini-
tial screening parameters.!6 Results indicating
deviations of erythropoiesis activity are listed
in Table 1. Reticulocyte counts demonstrated a
tendency towards increased levels after iron
supplementation (0.079£0.026x10'%L) com-
pared with those before supplementation
(0.061£0.015x10%/L) (P<0.001). Individual
hemoglobin content of reticulocytes (Ret-He
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and Ret-He/RBC-He ratio) before and after
iron supplementation are shown in Figure 1A
and B. After iron supplementation, there was a
clear increase in Ret-He content of 20% from
23.6+2.8 pg to 28.3+2.6 pg (P<0.001) and Ret-
He/RBC-He ratio was increased by 10% from
0.97+0.06 to 1.07+0.05 (P<0.001).

There was only a slight (2%) increase in
RBC-He from 26.9+1.9 pg to 27.4+1.8 pg (NS).
Hb concentrations showed a tendency to
increase from 105+6 g/L. (mean+SD) to 115+5
g/L. (P<0.001) after iron supplementation.

In order to evaluate the effect of iron supple-
mentation on RET-He, deviations in Hb, RET-
He and RET-He/RBC-He ratio, respectively, are
shown in Figure 2A and B. Evaluation of RET-
He and RET-He/RBC-He ratio provides a more
sensitive measurement of shifts in values as a
result of iron supplementation when compared
with traditional Hb measurements. This is
expected, because RET-He and RET-He/RBC-
He ratio parameters reflect short-term devia-
tions. No statistically significant deviations in
MCV or mean corpuscular hemoglobin concen-
tration (MCHC) were observed.

A statistically significant tendency towards
increased red blood cell distribution width
(RDW-SD) was observed showing a rise from
45.0+3.6 fL before supplementation to
52.3x7.0 fL after supplementation (P<0.001).
An example of a representative shift in RBC
histogram before and after iron supplementa-
tion is shown in Figure 3A and Figure B. After
iron supplementation, the RBC histogram
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shows a dimorphic population, with a shoulder
indicating the new RBC population on the
right side.

There was a slight decrease in ZPP from
124+44 mol/mol hem to 116+34 mol/mol hem
(NS) after iron supplementation.

Discussion

A mild degree of anemia is common in the
third trimester of pregnancy. Additional sup-
plementation of iron is a question for
debate.!*2! The aim of this study was to estab-
lish short-term effects of iron supplementation
on Ret-He and RBC-He of women with incon-
clusive Hb concentrations with suspected IDE
in the third trimester of pregnancy.

Our study demonstrated that Ret-He levels
clearly increased after four weeks of iron sup-
plementation towards levels within the lower
region of the reference interval 30.4+36.8 pg.!?
Ret-He/RBC-He ratio demonstrated a similar
trend when compared with Ret-He. The
observed shifts in Ret-He and Ret-He/RBC-He
ratio reflect short-term alterations concerning
the quality of erythropoiesis./7?5 Our study
revealed a clear increase in Hb concentrations
and absolute reticulocyte counts after iron sup-
plementation, in particular in the group of sub-
jects with Hb in the controversial range of 101-
110 g/L. During pregnancy, it is difficult to

Table 1. Hemocytometric parameters before and after iron supplementation. Results are
established in 25 subjects with Hemoglobin values in the range of 101-110 g/L.

Hb (g/L) 105+6 11445 <0.001
(87-111) (108-122)
MCV (fL) 83.3+4.2 85.0+3.3 0.118 (NS)
(72.5-90.9) (78.7-89.7)
MCHC (mmol/L) 20.3+0.5 20406 0.599 (NS)
(19.3-21.2) (19.4-21.8)
RDW-SD (fL) 45.0+3.6 52.3+7.0 <0.001
(37.8-52.0) (40.1-69.2)
Reti (x10'%/L) 0.0610.015 0.079+0.026 <0.001
(0.024-0.089) (0.025-0.150)
Ret-He (pg) 23.6+2.8 28.3+2.6 <0.001
(18.6-28.7) (21.8-32.0)
RBC-He (pg) 26.9+1.9 214+1.8 0.197 (NS)
(22.2-29.6) (24.2-30.2)
Ret-He / RBC-He ratio 0.970.06 1.07+0.05 <0.001
(0.83-1.05) (0.97-1.18)
ZPP (uMol/Mol haem) 124+44 116+34 0.359 (NS)
(77-246) (63-207)

SD, standard deviation; NS, non significant; Hb, Hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concen-
tration; RDW-SD, red blood cell distribution width; Ret-He, hemoglobin content of reticulocytes: RBC-He, hemoglobin content of red blood

cell; ZPP, zinc protoporphyrin.
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assess whether an increase in Hb concentra-
tion and reticulocytes is the effect of increased
activity of erythropoiesis after supplementa-
tion, or if this is due to a less rapid increase in
plasma volume in late pregnancy. Several
investigators reported a 6 g/L increase in Hb in
late pregnancy without iron supplementa-
tion.*>” However, in our study, after iron sup-
plementation, an increase in Hb of approxi-
mately 10 g/L was observed.

According to an evaluation made in previous
studies, nutrient supplementation did not
reveal any significant changes in RBC-He con-
tent or ZPP/Hb ratio.l01415 The lack of effect
may be explained by the fact that RBC-He and
ZPP reflect long-term impact on shifts in
hemoglobinization, corresponding with the
lifespan of circulating mature RBCs (100
days).!8 An increased degree of heterogeneity
in the size of RBCs (anisocytosis), amongst
others due to increased erythropoiesis, is
reflected in RDW. After iron supplementation,
RDW-SD increased in 88% of the subjects. In
this study, increased RDW values are indica-
tive of enhanced erythropoiesis as a response
to iron supplementation. However, despite a
positive response to erythropoiesis after iron
supplementation, no definitive conclusions
can be drawn concerning depletion of iron
stores. During pregnancy, the need for
micronutrients, in particular iron and folate, is
increased. Maternal body stores and dietary
intake may be insufficient for adequate ery-
thropoiesis. Supplementary iron is needed for
erythropoiesis to enhance increased produc-
tion of RBC and to fulfill the additional iron
demands of the fetus. The physiological mech-
anism for covering additional iron require-
ments is to release iron from the body stores.
However, many Western European women
have an inadequate dietary iron intake which
can not fulfill the increased demands in middle
and late pregnancy.>*26 Therefore, IDE is a fre-
quent cause of anemia during pregnancy.

The Hb cut-off level for suspected IDE has
been the subject of frequent discussion.911
Approximately 10% of the pregnant women
showed inconclusive Hb concentrations in the
range between 101-110 g/L. (Margreet Schoorl,
2012 personal communication). Anemia
screening and monitoring based exclusively on
Hb concentrations is considered to be inappro-
priate. It has been recommended ZPP and Ret-
He should both also be assessed.>10:16

The appropriate dosage of prophylactic iron
supplementation needs to be considered.
Several investigators reported wide deviations
in daily doses in the range of 40-200 mg.
Regimens with less frequent iron supplemen-
tation, such as once or twice weekly, have been
described as promising. 1113212427

Only marginal effects of iron supplementa-
tion on the newborn’s birth weight or on pre-
natal morbidity or mortality in mother and
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Figure 1. Individual results for reticulocyte hemoglobin content (RET-He, pg, A) and Ret-
He/RBC-He ratio (B) established in 25 subjects during pregnancy before (1) and after (2)
four weeks of iron supplementation. The horizontal line indicates the lower level of the
reference range for apparently healthy subjects.
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Figure 2. Changes in hemoglobin (Hb, g/L) and reticulocyte hemoglobin content (RET-
He, pg, A), respectively, RET-He/RBC-He ratio (B) established in 25 subjects during
pregnancy before (1) and after (2) four weeks of iron supplementation. The horizontal
line indicates the lower level of the reference range for apparently healthy subjects. The
vertical lines indicate the controversial Hb range of 101-110 g/L.

RBC

flL fL

Figure 3. An example of an red blood cell (RBC) histogram before (A) and after (B) iron
supplementation. The newly formed RBC population (B) is demonstrated on the right
side of the curve. The x-axis demonstrates the RBC-volume (fL). The vertical dashed line
(gray) reflects the lower discriminator of the RBC-volume (fL).
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child have been reported. However, positive
effects have also been reported, such as
increased physical fitness and well-being in
pregnant women, prevention of postpartum
iron deficiency due to blood loss at delivery,
and enhanced iron reserves in the newborn to
prevent iron deficiency in the first years of
life.%%8 In summary, clinical practice needs
simple and reliable strategies for screening
and monitoring IDE during pregnancy.

Study limitations

In the present study, subjects with tha-
lassemia were excluded. Although Ret-He is
decreased in these subjects, results for Ret-
He/RBC-He ratio are within the reference
range. Corresponding shifts in decreased val-
ues for Ret-He and Ret-He/RBC-He ratios,
respectively, lead to the conclusion that there
is a temporarily decreased degree of hemo-
globinization.1” In subjects with thalassemia,
we also recommend measurement of Ret-He
and Ret-He/RBC-He in IDE screening during
pregnancy.

Conclusions

We recommend that Ret-He and Ret-
He/RBC-He ratio parameters should be inte-
grated into the protocol for anemia screening
and monitoring during pregnancy. Ret-He and
Ret-He/RBC-He ratio are sensitive markers for
screening when a decrease in red blood cell
hemoglobin content is observed and for moni-
toring short-term effects of iron supplementa-
tion. The recommended parameters should be
considered in particular in the group of sub-
jects with Hb in the controversial range of 101-
110 g/L. Ret-He and Ret-He/RBC-He ratio may
in future be a useful measurement to help
optimize the dosage of prophylactic iron sup-
plementation during pregnancy.
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