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SUMMARY

Introduction: To evaluate the use of reticulocyte hemoglobin content
(CHr) and mean corpuscular volume (MCV) to identify truly iron-
deficient women with postpartum anemia (PPA), in order to reduce
unnecessary iron supplementation.

Methods: Three hundred women with more than 500 mL of blood
loss or clinical signs of anemia were divided in a control (Hb >
10.5 g/dL, N =150) and postpartum anemia group (PPA, Hb <
10.5 g/dL; N = 150). PPA women were given ferrous fumarate for a
period of 4 weeks. Efficacy of the treatment was evaluated by com-
paring Hb, CHr, and MCV at baseline (Ty) and after 4 weeks (Ty).
Using standard iron deficiency cut off values for MCV (80 fL) and
CHr (28 pg) at Ty, we divided the PPA group of both parameters into
two subgroups, one suggestive for iron deficiency and one suggestive
for noniron deficiency.

Results: Irrespective of the parameter or the subdivision, delta Hb
concentrations (74,-T,) showed a similar increase in all PPA sub-
groups investigated. Both parameters in the PPA subgroups below
their respective cut off value showed a significant improvement
toward normalization, while the MCV and CHr in the PPA subgroups
above their respective cut off value did not show any significant
increase.

Conclusion: Our data suggest that the etiology of the anemia in
postpartum anemic women is not always iron deficiency. Using a
combination of Hb, MCV and CHr, we increased the stringency to
identify truly iron-deficient postpartum anemic women, thereby
reducing unnecessary iron supplementation in those women with
sufficient iron stores.
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INTRODUCTION

Postpartum anemia (PPA) occurs frequently and is an
important risk factor for maternal morbidity [1-3].
The prevalence of PPA varies considerably in the dif-
ferent studies, ranging from 22% to 27% [4, 5], with
the highest prevalence in women with a low socio-
economic status [5]. Anemia in nonpregnant women
is defined by the World Health Organization as a
hemoglobin concentration (Hb) of <12 g/dL (7.5 mm X
1.611) [6]. Although there is no clear cut off value for
PPA in literature, the Dutch Society of Obstetrics
and Gynecology-guideline for anemia uses a cut off
value of 10.5 g/dL [7]. The difference in cut off value
between nonpregnant and pregnant
explained by the attempt to correct for the physiologi-
cal hemodilution as present in pregnancy [8] and,
more importantly, because of blood loss during labor.
Because of this, added to the increased demand for
iron during pregnancy, it is assumed that the most
probable cause of anemia in the postpartum period is
because of iron deficiency. While in our hospital,
severe PPA (Hb < 6.5 g/dL) is treated with transfusion
of packed red blood cells, treatment of mild PPA
(6.5 < Hb < 10.5 g/dL) consists of oral iron supple-
mentation. Ferrous fumarate is the most commonly
used iron compound in Dutch obstetric practice.
While severe side effects of iron supplementation (i.e.,
iron overload) are restricted to rare entities such as
thalassemia’s or hemochromatosis (either congenital
or acquired), most side effects are mild but never-
theless resulting in gastro-intestinal
complaints such as nausea, diarrhea, or constipation
[9].

Most anemia protocols make use of multiple labo-
ratory parameters to unravel the etiology of the ane-
mia at hand. However, in dealing with mild PPA, it is
assumed that the most probable cause of the anemia
is iron deficiency and consequently is treated as such.
This assumption disregards the fact that some PPA
women with sufficient iron stores have no beneficial
effect of supplementation.

The reticulocyte hemoglobin content (CHr) is a rel-
atively new measure for iron deficiency. Using the
Prussian blue staining of a bone marrow aspirate to
define iron deficiency, CHr outperformed the tradi-
tional markers like ferritin, transferrin saturation, and
mean corpuscular volume (MCV) for the diagnosis of

women is

inconvenient,
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iron deficiency [10]. CHr is a parameter that can be
measured on an Advia platform (Siemens Healhcare
Diagnostics, Breda, Netherlands). However, compara-
ble measurements of the reticulocyte hemoglobin con-
tent are available on other platforms [11, 12].

In this study, we investigate the use of the CHr
together with the MCV to establish whether or not
iron deficiency is the true cause of the PPA, thereby
preventing unnecessary supplementation and as a
consequence averting potential side effects of iron
supplementation in noniron-deficient women. Ferritin
is also a well-established parameter for diagnosing
iron deficiency anemia. However, in concurrence with
the literature, we decided against using ferritin as a
marker for iron deficiency in PPA women because of
its prominent role in the acute phase response during
parturition [13, 14].

METHODS

Population

The source population consisted of women who deliv-
ered in the TweeSteden hospital in the period
between January 2007 and December 2008. Table 1
shows an overview of all inclusion and exclusion cri-
teria. Women aged 18 years or older, with more than
500 mL of blood loss during labor or with clinical
signs of anemia (e.g., fatigue, loss of stamina, head-
ache, faintness, pale skin, pale mucous membranes,
hypotension, or tachycardia) were asked to join the
study. After obtaining informed consent, all included
women undergone blood testing (see below). Based
on their Hb concentration, subjects were divided in a
nonanemic control group (Hb > 10.5 g/dL; N = 150)
and a PPA index group (6.5 < Hb < 10.5 g/dL; N =
150). Women with extreme PPA (Hb < 6.5 g/dL) were
excluded because of packed red blood cells transfu-
sion. The nonanemic control group did not receive
any prescribed medication. The PPA index group
received ferrous fumarate (200 mg x 3 tablets a day)
for a period of 4 weeks.

Laboratory parameters

Both the nonanemic control and the PPA index group
were subjected to blood testing at the time of inclu-
sion (T =0 weeks, T, being 0-48 h after delivery)
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Table 1. Overview of all inclusion and exclusion
criteria. Criteria were checked during a thorough
interview

Inclusion Exclusion

Women aged >18 years Vitamin B12 deficiency
(<160 pm)

Packed cell infusion in the
previous 3 months

Alcohol/drug addiction

Chronic infection

Delivery in a clinical
obstetric setting

0-48 h after delivery

>500 mL blood loss or
clinical signs of anemia

Thorough grasp of the
Dutch language

Informed consent
acceptance

Gastro-intestinal disease
Thalassemia/hemoglobinopathy

Aplastic, megaloblastic, or
hemolytic anemia

Malignant disease

Kidney failure

Liver failure

Bone marrow disease

Methothrexate use (interaction
with folic acid)

Contra-indications folic acid use

Contra-indications ferrous
fumarate use

and during follow-up (T = 4 weeks, T,). The follow-
ing parameters were tested: Hb, mean corpuscular
volume (MCV), and reticulocyte hemoglobin content
(CHr). Red blood cell parameters (Hb, MCV, and
CHr) were measured in K,EDTA anti-coagulated
blood on an ADVIA2120i or ADVIA120 Hematology
platform (Siemens Healthcare Diagnostics, Breda, The
Netherlands). All parameters were measured in con-
trol and analyzed in the normal diagnostic practice
of our laboratory. For the MCV and CHr, the respec-
tive coefficients of variation of control material were
1.55 (target value 85 fL) and 1.00% (target value

23 pg).

Cut off values for MCV and CHr for iron deficiency

The MCV is a widely accepted erythrocyte index and
is one of the first parameters to be analyzed in most
anemia protocols. With the prerequisite that the Hb
concentration is below the reference interval, an MCV
of below 80 fL is indicative for iron deficiency [15].

Note that severe microcytosis (i.e., <72 fL) is more
suggestive for hemoglobinopathies [16].

The hemoglobin content in reticulocytes (CHr) is
the product of the cellular volume and the Hb con-
centration of reticulocytes [17]. Compared to the slow
turn over of erythrocytes (~120 days), reticulocytes
have an average life span of 4 days, making the CHr a
much more dynamic parameter compared to the stan-
dard erythrocytes indices. For adults, a CHr cut off
value of <28 pg is used for the diagnosis of iron defi-
ciency [10].

Group analysis

Based on literature and clinical guidelines regarding
iron deficiency anemia [6, 10, 18], cut off values for
MCV (<80 fL) and CHr (<28 pg, i.e., 1.74 fmol) were
used to create PPA subgroups. For both parameters,
this created three groups: a nonanemic control group
and two ferrous fumarate-supplemented PPA groups,
one with patients below the above mentioned cut off
values and the other with patients above the cut off
values. For all patients, parameter changes between T,
and T, were calculated and expressed as delta-values
(T4=Ty, dHb, dMCV, dCHr). Normality of distribution
of the individual parameters was verified using a one-
sample Kolmogorov—Smirnov test. Statistical analysis
was performed using a paired (T, vs. T,) t-test (SPSS
PASW 17.0.2; IBM, New York, NY, USA).

RESULTS

Nonanemic vs. anemic women

Table 2 shows an overview of the changes in Hb,
MCV, and CHr between T, and T, in the nonanemic
control and PPA group. Both the nonanemic and sup-
plemented anemic group showed a significant increase
in Hb at T, when compared to baseline (7). This
increase was more prominent in the anemic group
compared to the nonanemic control group, 3.4 vs.
1.6 g/dL, respectively. The increase in MCV in the
PPA group at Ty is statistically significant compared to
To. However, the delta MCV of +1.2 fL falls within the
1.55% coefficient of variation (CV) of the MCV assay.
In the PPA group, CHr at T, did not (significantly)
change compared to Ty (dCHr 0.0 pg).

© 2012 Blackwell Publishing Ltd, /nt. Jnl. Lab. Hem. 2012, 34, 510-516
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Table 2. Changes in iron deficiency laboratory parameters between T = 0 weeks (Ty) and T = 4 weeks (T3) in the
nonanemic control and PPA index group. Data in columns 7 and T4 are shown as mean (SD)

Parameter Group N To Ty Delta (T4—Tp)
Hb (g/dL) Nonanemic 101 11.4 (0.8) 13.0 (0.8)* +1.6
PPA 115 9.0 (1.0) 12.4 (1.0)* +3.4
MCV (fL) Nonanemic 101 86.2 (4) 85.5 (4) -0.7
PPA 115 83.2 (6) 84.4 (6)* +1.2
CHr (pg) Nonanemic 90 31.6 (2.4) 30.8 (2.1)* -0.8
PPA 105 29.8 (2.9) 29.8 (2.6) 0.0

*P < 0.001 vs. To. Note: although at T, 150 women were included, some were lost to the study during follow-up at 7.
Because of the preferred paired statistical analysis between T, and T,, this lowered the group size (N) of the parameters.

Table 3. Changes in Hb and MCV between T = 0 weeks (Ty) and T = 4 weeks (T4) in the nonanemic control, low MCV

(<80 fL) PPA, and normal MCV (>80 fL) PPA group

Parameter Group N Ty Ty Delta (T4—Tp)
Hb (g/dL) Nonanemic 101 11.4 (0.8) 13.0 (0.8)* +1.6

PPA (MCV < 80 {L) 30 8.9 (1.0) 11.8 (1.1)* +2.9

PPA (MCV > 80 fL) 85 9.2 (1.0) 12.6 (0.8)* +3.4
MCV (fL) Nonanemic 101 86.2 (4) 85.5 (4) -0.7

PPA (MCV < 80 {L) 30 75.5 (3) 78.2 (3)* +2.7

PPA (MCV > 80 fL) 85 85.8 (4) 86.5 (4) +0.7

Data in columns T, and T, are shown as mean (SD). *P < 0.001 vs. Tj.

PPA MCV subgroups

By dividing the PPA group at T, in a microcytic
(MCV < 80 fL) and normocytic (MCV > 80 {L) anemia
subgroup, we created two MCV subgroups. Irrespective
of the subdivision, both subgroups showed an increase
in Hb at T, of +2.9 and +3.4 g/dL for microcytic and
normocytic PPA women, respectively (Table 3). How-
ever, in microcytic PPA women, the increase in MCV
(dMVC +2.7 fL) was significant and well outside the
1.55% CV of the assay. In contrast, the MCV of norm-
ocytic PPA women showed an insignificant increase of
+0.7 fL (Table 3, Figure 1a).

PPA CHr subgroups

When anemic women were divided based on their
CHr [e.g., low CHr (<28 pg)
(>28 pg)], no difference was found in the increase in
Hb concentration at T, (Table 4). The mean CHr at T,
in the low CHr subgroup was 26.1 pg and increased
by +1.9 pg reaching the CHr cut off value of 28 pg at

and normal CHr
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T,. Conversely, the CHr in the normal CHr subgroup
(T, 31.4 pg) decreased by —1.0 pg (Figure 1b). The
decrease in the PPA normal CHr subgroup was similar
to the decrease in the nonanemic control group (dCHr
—0.8 pg, Table 4).

MCV vs. CHr correlation

The baseline MCV and CHr values (7,) of all PPA
women show a good correlation (R* = 0.663,
P < 0.001, Figure 2). Despite an Hb of <10.5 g/dL,
64% of the PPA women (89/140) (Figure 2, open
dots) had baseline MCV and CHr values above their
respective cut off values. 36% of the PPA women
(51/140) (Figure 2, closed dots)
MCYV, a CHr below 28 pg, or both.

had a microcytic

DISCUSSION

In postpartum anemia (PPA), it is assumed that
the etiology of the anemia is attributed to iron
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MCV (fL)
(@) 100
95
90
85
80 +2.7 (%)
75
70 Figure 1. (a) Mean (thick black
65 lines) and individual (thin black
lines) delta MCV (dMCV, T4—Tp)
60 Control PPA PPA in nonanemic control, PPA
MCV >80 fL MCV <80 fL. normal MCV (MCV > 80 fL),
and PPA low MCV subgroups
CHr (pg) (MCV < 80 fL). To: T = 0 weeks,
®) 40 T, T, T, T, T, T, T4 T = 4 weeks, NS: not
significant, *P < 0.001 vs. T.
36 (b) Mean (Thick black lines) and
individual (thin black lines)
) delta CHr (dCHr, T,—T) in
1™ P nonanemic control, PPA normal
2 e CHr (CHr > 28 pg), and PPA
low CHr subgroups (CHr <
28 pg). To: T = 0 weeks, Ty:
24 T = 4 weeks, *P < 0.001 vs. T.
Note: the nonanemic control
20
Control PPA PPA apd 'EPA n(()irmal CHr showed a
Chr > 28 pe CHr < 28 pg significant decrease.

Table 4. Changes in Hb and CHr between T = 0 weeks (7,) and T = 4 weeks (Ty4) in the nonanemic control, low CHr

(<28 pg) PPA, and normal CHr (>28 pg) PPA group

Parameter Group N Ty Ty Delta (T4—Tp)
Hb (g/dL) Nonanemic 90 11.4 (0.8) 13.0 (0.8)* +1.6

PPA (CHr < 28 pg) 30 8.9 (1.1) 11.9 (1.1)* +3.0

PPA (CHr > 28 pg) 75 9.2 (1.0) 12.6 (1.0)* +3.4
CHr (pg) Nonanemic 90 31.6 (2.4) 30.8 (2.1)* -0.8

PPA (CHr < 28 pg) 30 26.1 (1.4) 28.0 (2.6)* +1.9

PPA (CHr > 28 pg) 75 31.4 (1.8) 30.4 (2.3)* -1.0

Data in columns T, and T, are shown as mean (SD). *P < 0.001 vs. T,.

deficiency. Consequently, all PPA women with an Hb
concentration between 6.5 and 10.5 g/dL are orally
supplemented with iron. This potentially results in
unnecessary iron supplementation in those women
with sufficient iron stores. To evaluate the need for
iron supplementation in women with mild PPA, we
followed the therapeutical response to iron supple-

mentation using accomplished cut off values for MCV
and CHr.

Irrespective of baseline iron deficiency parameters,
the Hb concentration in all PPA women improved sig-
nificantly after 4 weeks (7,). This might be interpreted
as a beneficial therapeutical response to iron supple-
mentation for all women with PPA.

© 2012 Blackwell Publishing Ltd, /nt. Jnl. Lab. Hem. 2012, 34, 510-516
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CHr 7, (pg)

40 80 fL

R*=0.663
351

30 1
28 pg

251

20 A

60 70 80 90 100
MCV T, (fL)

Figure 2. Correlation between baseline MCV (x-axis)
and CHr values (y-axis) in PPA women. Coefficient
of correlation (R?) is 0.663 (P < 0.001). The

vertical and horizontal dotted lines represent the
respective cut off values of the MCV (80 fL) and CHr
(28 pg). Open dots: normocytic MCV and CHr

above cut off value. Filled dots: microcytic MCV,
CHr below cut off value, or both.

Indeed, the PPA MCV and CHr subgroups sugges-
tive for depleted iron stores at To showed a significant
improvement for both MCV and CHr toward normali-
zation at T, indicating a beneficial therapeutical
response to iron supplementation. However, in the
PPA MCV and CHr subgroups arguing against iron
deficiency, no improvement in the respective parame-
ters at T, was seen. The lack of improvement of the
MCV and CHr in these subgroups might be explained
by the fact that the iron stores at T, were already ade-
quate and that no additional iron was taken up via
the intestines.

The study is limited by the fact that all women with
PPA were orally supplemented with iron, lacking a con-
trol group with PPA and normal iron stores who were
not supplemented with iron. Because intestinal iron
uptake is inhibited by hepcidin which in turn is upregu-
lated by adequate intracellular iron stores [19, 20], we
assume that in the PPA group with sufficient iron
stores, no intestinal iron was taken up. Unfortunately,
this remains an assumption because hepcidin concen-
trations were not measured in this study. Future studies
are needed to confirm our findings. One such study
would involve randomizing PPA women with adequate
baseline iron stores (i.e.,, normal MCV and CHr >
28 pg) creating PPA groups with and without iron
supplementation. Confirming our results, one would
expect both groups to show a similar increase in
hemoglobin, irrespective of supplementation.

The data of our study suggest that the assumption
of iron deficiency as etiology of PPA is not always jus-
tified. Indeed, the majority of PPA women in our
study (64%) had baseline laboratory parameters (i.e.,
normocytic MCV and CHr > 28 pg) arguing against
iron deficiency as the cause of the anemia and as a
result were unnecessarily supplemented with iron.

The MCV and CHr can be readily analyzed in con-
junction with an Hb concentration from the same
sample. Therefore, next to Hb, we propose to include
measurement of MCV and CHr, using standard cut off
values, for identifying truly iron-deficient PPA women
who will have a beneficial therapeutical response to
iron supplementation, thereby reducing the needless
supplementation of iron in those PPA women with
sufficient iron stores.
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