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Abstract: The aim of this study was to compare the diag-
nostic values of red blood cell distribution width-coeffi-
cient of variation (RDW-CV) and red blood cell distribution
width-standard deviation (RDW-SD) in mid-pregnancy
women with iron deficiency anemia (IDA). To obtain the
results, 115 mid-pregnancy women with IDA, defined as
the IDA group, and 142 healthy mid-pregnancy women,
selected as the control group, were enrolled in this study.
Hematological parameters and ferritin concentrations in
the serum were analyzed. The efficiency of RDW-CV and
RDW-SD to distinguish IDA from mid-pregnancy women
was evaluated using receiver operating characteristic
(ROC) curves. The RDW-SD value in the IDA group was
significantly higher than that in the control group
(p < 0.05), while the RDW-CV value did not differ between
them (p = 0.84). Significantly negative correlations were
found between RDW-CV (r = −0.297, p = 0.001), RDW-SD
(r = −0.404, p = 0.000), and serum ferritin in the IDA
group but not in the control group. For the diagnosis of
IDA, RDW-CV and RDW-SD produced areas under the
ROC curves of 0.58 and 0.84. To conclude, our results
suggest that RDW-SD, but not RDW-CV, can be used as
a diagnostic index of IDA for mid-pregnancy women.
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1 Introduction

Iron deficiency (ID) is known as one of the main nutri-
tional deficiencies worldwide, and its occurrence can be
observed in multiple medical conditions [1–3]. Iron defi-
ciency anemia (IDA) during pregnancy can increase the
risk of complications for the mother and fetus, including
hypertension, puerperal infection, postpartum depres-
sion, premature labor, intrauterine growth retardation,
perinatal mortality, and maternal mortality from hemor-
rhage [4]. Fortunately, ID and IDA during pregnancy are
treatable and possibly preventable with iron supplementa-
tion. Therefore, screening for IDA is important in avoiding
complications in pregnancy.

The red blood cell distribution width (RDW), including
RDW-coefficient of variation (CV) and RDW-standard
deviation (SD), as simple and widely available hematolo-
gical indices, is easily acquired from a routine blood test
and reflects the degree of heterogeneity of erythrocyte
size [5]. Traditionally, RDW-CV is used to explore the
cause of underlying anemia, especially for differential
diagnosis of IDA [6,7]. However, Abdelrahman et al. found
the poor diagnostic performance of RDW-CV in pregnant
Sudanese women with IDA [8]. It is possible that RDW-CV
(=1SD/MCV) is composed of mean corpuscular volume
(MCV), which cannot mirror the small variations in red
blood cell (RBC) size that occur in early iron deficiency
[9]. Furthermore, unlike RDW-CV, RDW-SD eliminates
the influence of MCV from RDW, which is calculated by
the width of the erythrocyte volume distribution curve at
a level 20% above baseline [10]. Although RDW-SD is
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considered another index reflecting RBC heterogeneity, up
to now, data on the role of RDW-SD in screening for IDA
during pregnancy are lacking. With this in mind, this
study aimed to evaluate the diagnostic values of RDW-CV
and RDW-SD in identifying IDA among mid-pregnancy
Chinese women.

2 Materials and methods

2.1 Study population

The electronic medical records of 115 mid-pregnancy
women with IDA in the Department of Obstetrics and
Gynecology, the Second Hospital of Anhui Medical
University, from January 2014 to December 2020 were retro-
spectively reviewed. IDA was defined according to the World
Health Organization criteria: hemoglobin <10.5 g/dL and
serum ferritin <15 µg/L. The exclusion criteria of this study
were as follows: (1) cardiovascular disease; (2) hypertension;
(3) acute or chronic infection; (4) immune disease; (5) kidney
or liver dysfunction; (6) folate or vitamin B12 deficiency; and
(7) WBC > 17.1 × 109/L [8].

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
Ethics Board of Anhui Medical College and the Second
Hospital of Anhui Medical University.

2.2 Laboratory measurements

Serum ferritin concentrations were determined by elec-
trochemiluminescence immunoassay (Roche Diagnostics,
Mannheim, Germany). Routine blood tests, including
RDW-CV and RDW-SD, were measured using an auto-
mated hematology analyzer, Sysmex XT-2000i (Sysmex,
Kobe, Japan).

2.3 Statistical analysis

Statistical analyses were performed using SPSS software
(version 19.0) and MedCalc software (version 11.4.2.0). The
Shapiro–Wilk test was used to verify the normality of the

data in this study. Data are shown as mean ± standard
deviation (SD). Continuous variables were compared with
the independent sample t-test or the Mann–Whitney U test.
Correlation analysis between variables was computed using
Spearman’s rank correlation coefficient analysis. Further, a
multiple linear regression was used to analyze the relation-
ship between serum ferritin and RDW-CV and RDW-SD.
The diagnostic performance of RDW-CV and RDW-SD was
estimated by ROC curve analysis. The Z statistic was used
for pairwise comparison of the diagnostic performance
between RDW-CV and RDW-SD in the diagnosis of IDA
among mid-pregnancy women; p < 0.05 was considered
statistically significant.

3 Results

3.1 Clinical characteristics of the subjects

A total of 142 healthy mid-pregnancy women (control
group) and 115 mid-pregnancy women with IDA (IDA
group)were enrolled in this study. Clinical characteristics
of mid-pregnancy women are shown in Table 1. No statisti-
cally significant differences were found between the control
group and IDA group regarding age and gestational age
(both p > 0.05). Compared to the control group, the mean
levels of ferritin, MCV, MCH, Hb, MCHC, RBC, and HCT were
significantly lower in the IDA group (all p < 0.05).

3.2 Comparison of RDW-CV and RDW-SD

In the control group, all participants had normal values
of RDW-CV (range: 12.0–15.0%) and RDW-SD (range:

Table 1: Clinical characteristics of subjects in this study

Variables Control group IDA group p-value

Age (years) 30.39 ± 3.47 30.03 ± 3.81 0.43
Gestational age
(weeks)

22.17 ± 2.40 22.30 ± 2.73 0.67

Ferritin (µg/L) 47.75 ± 20.11 11.11 ± 3.21 <0.05
MCV (fL) 94.75 ± 3.49 85.90 ± 5.84 <0.05
MCH (pg) 31.65 ± 1.25 27.27 ± 2.33 <0.05
Hb (g/dL) 11.87 ± 0.54 9.81 ± 0.47 <0.05
MCHC (g/L) 334.07 ± 6.81 325.26 ± 10.73 <0.05
RBC (1012/L) 3.76 ± 0.22 3.53 ± 0.32 <0.05
HCT (L/L) 0.36 ± 0.02 0.32 ± 0.02 <0.05

1214  Yang Kai et al.



38.1–51.9 fL). In the IDA group, 11 (10.75%) had RDW-CV
values over 15% (the upper limit of the reference range),
and 6 (5.23%) had RDW-SD values over 54 fL (the upper
limit of the reference range). There were no significant
differences in the RDW-CV values between the groups
(13.64 ± 0.59 vs 13.66 ± 1.23, p = 0.84) (Figure 1a). How-
ever, RDW-SD values were significantly higher in the IDA
group compared with the control group (48.96 ± 3.02 vs
44.75 ± 2.91, p < 0.05) (Figure 1b).

3.3 Correlation of RDW-CV, RDW-SD, and
serum ferritin

A strong positive correlation between RDW-CV and RDW-
SD was found in the control group (r = 0.801, p = 0.000,
Figure 2a), whereas a less significant positive relation-
ship between RDW-CV and RDW-SD was observed in
the IDA group (r = 0.565, p = 0.000, Figure 2b). Serum
ferritin concentrations are an important marker of IDA.

We assessed the correlations between RDW-CV, RDW-SD,
and serum ferritin. In the control group, neither RDW-CV
(r = −0.009, p = 0.914, Figure 3a) nor RDW-SD (r = −0.006,
p = 0.939, Figure 3b) had any significant correlation
with serum ferritin. However, both RDW-CV (r = −0.297,
p = 0.001, Figure 3c) and RDW-SD (r = −0.404, p = 0.000,
Figure 3d) were negatively correlated with serum ferritin
in the IDA group. Moreover, we performed linear regression
analysis. The results showed that both RDW-CV (β = −0.214,
p = 0.034) and RDW-SD (β = −0.327, p = 0.015) were inde-
pendently associated with serum ferritin levels.

3.4 Diagnostic value of RDW-CV and RDW-
SD for IDA

ROC curve analysis was performed using RDW-CV and
RDW-SD to diagnose IDA in mid-pregnancy women. As
shown in Figure 4a, the area under ROC curves (AUC) of
RDW-CVwas 0.58 (95% CI: 0.52–0.64), suggesting no role

Figure 1: RDW-CV and RDW-SD in the control group (a) and the IDA group (b).

Figure 2: Correlations between RDW-CV and RDW-SD in the control group (a) and the IDA group (b).
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for RDW-CV in diagnosing IDA in mid-pregnancy women.
As shown in Figure 4b, the AUC was 0.84 (95% CI:
0.79–0.89) for RDW-SD, which indicated that RDW-SD
was superior to RDW-CV as a diagnostic index for IDA
in mid-pregnancy women (p < 0.05). The sensitivity, spe-
cificity, positive predictive value, and negative predictive
value of RDW-SD were 77.39, 78.17, 74.13, and 81.05%,
respectively, at a cut-off point of 46.8 fL.

4 Discussion

In this study, we analyzed the values of RDW-CV and
RDW-SD in Chinese mid-pregnancy women to investigate
the possible benefits of RDW-CV and RDW-SD as diag-
nostic indices for IDA. The results of this study indicate
that RDW-SD can be used in mid-pregnancy women to
diagnose IDA, while RDW-CV has poor accuracy in the
diagnosis of IDA.

Figure 3: Correlations between RDW-CV, RDW-SD, and serum ferritin in the control group (a and b) and the IDA group (c and d).

Figure 4: ROC curve for RDW-CV (a) and RDW-SD (b).
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Bone marrow aspiration is the gold standard for ID,
but it is invasive, painful, costly, and time consuming
[11]. Therefore, the identification of additional diagnostic
indices for ID(A), especially if they can be readily, routi-
nely, and cheaply obtained, is necessary. RDW is a rou-
tine complete blood count parameter that evaluates the
variability in the size of erythrocytes in circulation. It is
usually expressed as RDW-CV and RDW-SD, which is less
influenced by other factors than the former [12,13]. In the
last few years, numerous studies have consistently con-
firmed RDW-CV as a tool for the differential diagnosis of
anemia. In this context, the relationship between RDW
and IDAmay be considered during pregnancy. A previous
study performed in Bangladesh demonstrated that
RDW-CVwas useful for IDA diagnosis in pregnant women
within the first 20 weeks of gestation [14]. By contrast,
another study found that RDW-CV has a poor perfor-
mance in diagnosing IDA among Sudanese pregnant
women with a mean gestational age of 21.4 weeks [8].
Nevertheless, Tiwari et al. reported that RDW-CV corre-
lated with serum ferritin concentrations and could help
in the diagnosis of IDA among Indian women during
the second and third trimesters of pregnancy [15]. These
contrasting results suggest that the role of RDW-CV in
the diagnosis of IDA during pregnancy requires further
evaluation.

In this study, we observed that there was no signifi-
cant difference in RDW-CV values between healthy mid-
pregnancy women and mid-pregnancy women with IDA
(p = 0.841). This result is partially in contrast to pre-
viously published results demonstrating elevated levels
of RDW-CV in pregnant women with IDA [14]. This might
be related to differences in the characteristics of the
study population; on the other hand, different analytical
methods might also account for divergent findings. Sur-
prisingly, we found that the RDW-SD value of mid-preg-
nancy women with IDA was significantly higher than that
of healthy mid-pregnancy women, suggesting that mid-
pregnancy women with mild IDA had more significant
RBC size variations than healthy mid-pregnancy women.
Besides, a stronger correlation was observed between
RDW-CV and RDW-SD in mid-pregnancy women with
IDA compared to the two factors in healthy mid-preg-
nancy women (r = 0.565 vs r = 0.801). The earlier findings
suggest the inconsistency of RDW-CV and RDW-SD in
mid-pregnancy women with IDA.

Serum ferritin is the most specific marker reflecting
total body iron stores and has been widely used in diag-
nosing IDA in pregnancy [16]. Our study demonstrated
that both RDW-CV and RDW-SD were negatively corre-
lated with serum ferritin in the IDA group but not in the

control group. It should be noted that RDW-SD has a
stronger negative correlation with serum ferritin com-
pared to RDW-CV (r = −0.404 vs r = −0.297) in the IDA
group. In addition, the result of multiple linear regression
analysis showed that both RDW-CV and RDW-SD were
independently correlated with serum ferritin levels. Impor-
tantly, standardized coefficients indicated that changes
in serum ferritin levels have a stronger influence on RDW-
SD (β = −0.327) than RDW-CV (β = −0.214), suggesting a
potential role for RDW-SD in diagnosing IDA among mid-
pregnancy women. A recent study proved that RDW-SD
performs better than RDW-CV in the differential diagnosis
of microcytic anemia. In that study, 16 of 23 discriminant
formulas incorporating RDW-CV significantly improved tha-
lassemia diagnosis accuracy by using RDW-SD instead of
RDW-CV [7]. In our study, RDW-CV seems not to have a role
in diagnosing IDA in mid-pregnancy women, which is con-
sistent with Abdelrahman’s study results [8]. More impor-
tantly, we reported that RDW-SD could be used for the
diagnosis of IDA in mid-pregnancy, with an AUC of 0.84,
a sensitivity of 77.39%, and a specificity of 78.17%. Since
RDW-SD more accurately reflects actual blood cell size var-
iations, it is not surprising that RDW-SD performs better
than RDW-CV in diagnosing IDA among Chinese mid-preg-
nancy women.

A few limitations should be taken into consideration.
First, this was a single-center study with a small sample
size. Second, we did not investigate the presence of tha-
lassemia in mid-pregnancy women, which is associated
with IDA. However, it is unlikely that thalassemia influ-
enced the outcome of this study because of the low pre-
valence of thalassemia in our region. Third, predictive
values of RDW-SD and RDW-CV in early pregnancy and
late pregnancy were not investigated in this study due
to the absence of available data; this requires further
investigation.

To our knowledge, this is the first study to investigate
the diagnostic capacity of RDW-SD for IDA in pregnant
women. Our data suggest that RDW-SD may be an index
of interest for correctly diagnosing IDA among mid-preg-
nancy women. RDW-SD is a noninvasive parameter that
can be measured by automated blood cell analyzers without
additional cost. Therefore, RDW-SD could serve as a
screening indicator for IDA amongmid-pregnancywomen.
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