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Abstract

Anisocytosis has been associated with the severity and prognosis of several acute and chronic diseases, as well as physiological conditions such 
as pregnancy. Anisocytosis is quantified by the red blood cell distribution width (RDW), expressed as the ratio, multiplied by 100, between the 
standard deviation (SD) of red blood cell volumes and the mean corpuscular volume, or as the SD of erythrocyte volumes (RDW-SD). The aim of the 
present review was to report the state of the art on the physiological values and the putative diagnostic and prognostic roles of RDW in complicated 
pregnancy. Literature research for articles published in the last ten years was conducted in Pubmed, Web of Science, ClinicalTrials.gov, and Scopus 
databases. Abstracts were independently screened by two investigators. If relevant, full articles were retrieved. References, in these articles, citing 
relevant reviews or original studies were also accessed to identify additional eligible studies. Any disagreement between the reviewers was resol-
ved by a third investigator. A total of 28 studies were included in the review. These studies reported changes in RDW values during physiological 
pregnancy, and associations between the RDW and several pregnancy complications including anaemia, preeclampsia, gestational diabetes, and 
recurrent miscarriage. This review provides background information for establishing physiological and pathological RDW values in pregnancy for 
diagnostic and prognostic use in clinical practice. 
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Review

Introduction

Anisocytosis, the alteration of the normal volume 
of red blood cells (RBC), is characterized by a high 
intrinsic plasticity of the external membrane and 
low haemoglobin content, which allow a certain 
degree of expansion or contraction in response to 
physiological or pathological stimuli (1). Anisocy-
tosis is quantified by the red blood cell distribution 
width (RDW), expressed as the ratio between the 
standard deviation (SD) of RBC volumes and the 
mean corpuscular volume (MCV), multiplied by 
100 (RDW-CV), or as the SD of erythrocyte vol-
umes (RDW-SD). Red blood cell distribution width 
is particularly useful in the differential diagnosis of 
anaemias and other pathological conditions that 
lead to anisocytosis. Higher RDW values reflect the 

presence of anisocytosis, that may be attributable 
to the presence of small and large RBCs or both, 
while values below the lower limit of the reference 
interval are rare and clinically meaningless (2).  

Recently, several inexpensive and widely available 
haematological indexes including the neutrophil 
to lymphocyte ratio (NLR), monocyte to lympho-
cyte ratio (MLR), platelet to lymphocyte ratio (PLR), 
mean platelet volume (MPV), and RDW have 
gained scientific interest because of their ability to 
reflect the systemic inflammatory state of the or-
ganism and have been associated with the severi-
ty and prognosis in several acute and chronic dis-
eases, including cancer (3-7). Furthermore, the ki-
netics of RDW have been recently studied in sev-
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eral physiological conditions, such as ageing, 
physical activity and pregnancy, in order to estab-
lish physiological and abnormal reference ranges 
(8,9). 

Pregnancy is characterized by physiologic chang-
es that might affect, either directly or indirectly, 
the haematological parameters. Moreover, several 
pregnancy complications including hypertension, 
gestational diabetes, acute inflammatory condi-
tions and miscarriage can also influence these pa-
rameters. Therefore, the determination of RDW 
changes associated with physiological or patho-
logical pregnancy might be useful, as an addition-
al tool for diagnosis, prognosis, and monitoring. 
The aim of the present review was to describe the 
available scientific evidence pertaining to physio-
logical RDW values, and associations between 
RDW and complications in pregnancy.  

Materials and methods

A comprehensive literature search for articles pub-
lished in the last 10 years was conducted in Pub-
med, Web of Science, Scopus, and ClinicalTrials.
gov databases, using the following terms: “RDW 
AND pregnancy” OR “red cell distribution width 
AND pregnancy”. The PRISMA guidelines for sys-
tematic reviews and meta-analyses were followed.

Inclusion criteria for the selection of the articles 
were: 1) studies involving humans; 2) studies re-
porting RDW values in relation to physiological 
and pathological conditions in pregnancy; 3) stud-
ies published in the last decade in order to avoid 
the confounding effect of older methods for RDW 
determination, and 4) articles written in English. 
Studies with insufficient or irrelevant laboratory 
and clinical data and individual case reports were 
excluded. Case series reported in more than one 
article were only considered once. Abstracts were 
independently screened by two investigators. If 
relevant, full articles were retrieved. References, in 
these articles, citing relevant reviews or original 
studies were also accessed to identify additional 
eligible studies. Any disagreement between the 
reviewers was resolved by a third investigator. 

Despite our literature search was limited to the last 
10 years in order to avoid technical and methodo-
logical limitations of older studies, only one of the 
diagnostic studies included was performed with 
the STARD criteria. For this reason, relevant data, 
like confidence intervals (CI), precise P values, etc., 
lack in some instances, and we could not provide 
them. This is the current literature on the topic and 
no methodologically better studies are available. 
The spirit of this review was to include all the avail-
able studies in the modern scientific literature, 
with their limitations, in order to illustrate the cur-
rent knowledge on the topic.

Results

We initially retrieved 185 studies. Of these, 91 du-
plicates were excluded after an initial screening, 
and 55 further studies were subsequently exclud-
ed after abstract evaluation (Figure 1). After full-
text review of the remaining 39 articles, eleven 
studies were excluded because they did not meet 
the inclusion criteria. Finally, 28 studies were in-
cluded in the review (10-37). Among them, three 
articles reported RDW values in physiological 
pregnancy, seven articles focused on anaemia, 
seven on preeclampsia, and eleven articles on oth-
er complications such as cholestasis, diabetes, 
pancreatitis, and ectopic pregnancy. 

Figure 1. Flow chart of the search strategy followed for the se-
lection of the articles included in the review

Potential relevant studies
identified and screened through

database search (N = 185)

Studies retrieved for abstract
evaluation (N = 94)

Studies retrieved for full text
evaluation (N = 39)

Studies included in
the review (N = 28)

91 records were excluded, due to:
• Duplicate records

55 records were excluded, due to:
• Abstracts, reviews, letters etc.
• Irrelevants

11 records were excluded, due to:
• Irrelevants
• Not meeting inclusion criteria
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Discussion

RDW in physiological pregnancy

Despite RDW has been introduced in clinical prac-
tice several decades ago, normal reference ranges 
in pregnancy are not well-established. This de-
pends on both the well-known analytical variabili-
ty issues related to the measurement of RDW, and 
the small number of large scale studies performed. 
Older studies evidenced contrasting RDW changes 
in relation to the duration of pregnancy (38,39). 
This uncertainty remains in more recent studies. Li 
et al. reported in a prospective study a temporal 
increase in RDW-CV reference intervals (2.5th and 
97.5th percentile, confidence intervals, CI) in 3060 
healthy pregnant Chinese women: 11.9% (11.8-11.9) 
- 16.8% (16.4-18.0), 12.3% (12.2-12.4) - 17.2% (16.5-
18.5), and 12.3% (12.2-12.3) - 19.8% (19.3-20.5) in 
the first, second and third trimester, respectively 
(10). The median RDW values were significantly dif-
ferent between non-pregnant and pregnant 
women (12.3% versus 13.5%, respectively, P < 
0.001). Khan et al. reported RDW-CV values higher 
than 15.0% in the 36.2% of the cases in a cross-sec-

tional study including 152 healthy pregnant wom-
en in the third trimester in Pakistan (11). The au-
thors suggest that the global RDW increase in the 
third trimester might depend on a greater bone 
marrow activity and/or a higher incidence of mi-
crocytic anaemia. In this study the sensitivity and 
specificity of RDW in detecting microcytic anae-
mia was 82.3% and 97.4%, respectively (11). Never-
theless, Amah-Tariah et al., did not report any sig-
nificant changes in the mean (standard deviation, 
SD) RDW-CV values, in a prospective study on 220 
healthy Nigerian women, between the three tri-
mesters of pregnancy (13.9% ± 0.8, 13.8% ± 0.9, 
and 13.9% ± 1.1, respectively, P > 0.05) (12). These 
findings highlight the need for larger prospective 
international studies that investigate RDW refer-
ence ranges and progressive temporal changes 
during pregnancy in different populations. 

RDW in complicated pregnancy

Several studies have investigated the roles of RDW 
in the diagnosis and monitoring of pregnancy-as-
sociated complications (Table 1). 

Table 1. Studies investigating the role of RDW in pregnancy complications

Authors, year, country (Ref.) Design Patient groups Differences between cases and controls

ANAEMIA

Sultana et al., 2011, Bangladesh (13) P 77 non-IDA and 113 with IDA NA

Abdelrahman et al., 2012, Sudan (14) P 137 non-IDA and 57 with IDA NA

Tiwari et al. 2013, India (15) P 48 with anaemia (34 IDA) and 52 
non-anaemic, 2nd and 3rd trimester NA

Tasneem et al., 2016, Pakistan (16) P 27 non-IDA women vs. 50 IDA 19.3% ± 10.0 vs. 18.6% ± 5.3, P = 0.965

Bresani Salvi et al., 2016, Brazil, (17) P 139 with anaemia, 2nd - 3rd trimester, 
and iron supply NA

Schoorl et al., 2012,
The Netherlands (18) P 25 IDA, 3rd trimester, before and 

after iron supplements 45.0 fL ± 3.6 vs. 52.3 fL ± 7.0, P < 0.001

De Sà et al., 2015,
Brazil (19) P

29 anaemic mothers and their 
new-borns (N = 26) in comparison to 
non-anaemic mothers (N = 25) and 

their new-borns (N = 24)

anaemic mothers:
14.3% ± 1.1 vs. 14.1% ± 0.8, P > 0.250

new-borns:
15.0% ± 0.8 vs. 15.2% ± 0.9, P = 0.870

PREECLAMPSIA

Kurt et al., 2013, Turkey (20) P 52 PE women vs. 50 healthy controls 14.1% ± 1.1 vs. 16.9% ± 1.7, P < 0.001

Abdullahi et al., 2014, Sudan (21) P 65 PE women vs. 65 controls 14.5% ± 1.8 vs. 14.4% ± 1.4, P = 0.710
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Gezer et al., 2016, Turkey (22) R 137 PE women, 150 healthy controls 14.3% ± 2.7 vs. 15.5% ± 2.6, P = 0.047

Reddy et al., 2016, India (23) P 143 (76 mild and 67 severe) PE 
women vs. 911 healthy controls

18.0% ± 3.4 vs. 14.8% ± 3.1 vs. 12.8% ± 2.1, 
P < 0.001

Yücel and Ustun, 2017, Turkey (24) R 109 (27 mild PE and 82 severe) PE 
women vs. 110 healthy controls

13.6% vs. 13.8% vs.14.8%, P = 0.037

Yilmaz et al., 2016, Turkey (25) R 118 PE women vs. 120 healthy 
controls

15.2% ± 1.96 vs. 14.4% ± 1.70, P = 0.021

Sen-yu and Chao, 2016, China (26) R 149 PE women vs. 70 healthy 
controls (20th week)

13.1% ± 2.3 vs. 13.3% ± 2.5, P = 0.001

GESTATIONAL DIABETES

Erdogan et al., 2014, Turkey (27) R 68 women with GD vs. 61 healthy 
controls

14.4% vs. 14.3%, P > 0.05

Yildiz et al., 2016, Turkey (28) P 53 women with GD vs. 35 controls 15.6% ± 1.1 vs. 13.0% ± 0.6, P = 0.007

Cheng et al., 2016, China (29) P 118 GD women with high ACR, 216 
GD controls

13.6% ± 0.9 vs. 12.5% ± 0.6, P < 0.001

INTRAHEPATIC CHOLESTASIS

Yayla Abide et al., 2017, Turkey (30) R 84 ICP women vs. 145 controls 15.1% ± 2.7 vs.17.1% ± 3.4, P < 0.001

Yilmaz et al., 2017, Turkey (31) P 90 ICP women vs. 90 controls 14.2% ± 1.71 vs. 15.2% ± 1.5, P = 0.003

MISCARRIAGE

Dundar et al., 2015, Turkey (32) R 60 women with miscarriage history 
vs. 60 with 1st trimester pregnancy 

vs. 60 parous women

16.3% ± 4.6 vs. 14.2% ± 3.1, P = 0.001

Yilmaz et al., 2015, Turkey (33) R 120 women with recurrent 
miscarriage vs. 120 controls

13.8% ± 1.4 vs. 14.0% ± 1.6, P =0.203

OTHER COMPLICATIONS

Ilhan et al., 2016, Turkey (34) R 14 women with AP vs. 30 controls 48.9 fL ± 6.8 vs. 40.5 fL ± 3.0, P < 0.001

Yayla Abide et al., 2017, Turkey (35) P 46 women with histologically 
diagnosed PIA vs. 100 controls

15.1% ± 1.8 vs. 17.1% ± 3.3, P < 0.001

Beyazit et al., 2017, Turkey (36) P 54 women with HEG vs. 58 controls 12.1% ± 1.4 vs. 12.6% ± 1.7, P > 0.05

Akkaya et al., 2017,
Turkey (37)

R 93 women with EP and MTX therapy 
vs. 60 women with EP and surgery

12.5% ± 1.8 vs. 13.2% ± 1.8, P = 0.001

Ref. - reference. R - retrospective. P - prospective. PE - preeclampsia. RDW - red blood cell distribution width. IDA - iron-deficiency 
anaemia. RBC - red blood cells. GD - gestational diabetes. ACR - albumin to creatinine ratio. ICP - intrahepatic cholestasis. AP - acute 
pancreatitis. PIA - placental invasion anomaly. HEG - hyperemesis gravidarum. EP - ectopic pregnancy. MTX - methotrexate. NA - not 
available. 

Anaemia
Anaemia is a common complication in pregnancy, 
affecting approximately 50% of pregnant women 

(40). It may be caused by several factors including 
acute infections, chronic inflammation, haemoglo-
binopathies and single or combined deficiency of 
nutrients such as folic acid, vitamin B12 and iron 
(iron deficiency anaemia, IDA). The latter is the 
predominant form and it is characterized by al-
tered serum ferritin and transferrin concentrations 

and saturation, total iron binding capacity (TIBC), 
as well as by microcytosis (reduced red blood cell 
volume) and hypochromia (reduced red blood cell 
haemoglobin content). Therefore, RDW is one of 
the most useful diagnostic markers in IDA, allow-
ing the adoption of prompt iron supplementation. 
Sultana et al. evaluated the role of RDW in the de-
tection of iron deficiency anaemia in pregnancy 
within the first 20 weeks of gestation in a cross-
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sectional study involving 190 pregnant women in 
Bangladesh (13). Women were divided in two 
groups, one with IDA (serum ferritin < 12 µg/L) and 
one without (serum ferritin 12 to 200 µg/L); the 
former was further divided in latent, mild and 
moderate iron deficiency on the basis of transfer-
rin saturation. The RDW showed 82.3% sensitivity, 
97.4% specificity, 99.7% positive predictive value 
(PPV), 78.9% negative predictive value (NPV), and 
88.4% accuracy for the detection of all stages of 
iron deficiency in pregnancy (13). 

A similar study was performed in Sudan with the 
aim to compare the diagnostic accuracy of RDW 
and serum ferritin in IDA in 194 pregnant women 
with a gestational period of 21.4 ± 6.5 weeks (14). 
In this study, the sensitivity, specificity, PPV, and 
NPV of RDW in detecting IDA were 43.8% (95% CI: 
31.4 - 57.0), 73.7% (95% CI: 65.8 - 80.5), 41.0% (95% 
CI: 29.2 - 53.6), and 76.0% (95% CI: 68.1 - 82.6), re-
spectively. The authors concluded that RDW has a 
poor performance in diagnosing IDA among preg-
nant women compared with serum ferritin. Never-
theless, in an Indian study investigating correla-
tions between blood count indexes and serum fer-
ritin in the second and third trimester of pregnan-
cy, it was shown a weak negative correlation be-
tween RDW-CV and serum ferritin (Pearson’s cor-
relation coefficient, r: - 0.42, P = 0.013) (15). ROC 
analysis showed an area under the curve (AUC) of 
0.77, sensitivity 82.4%, and specificity 75.8% for a 
RDW-CV cut-off value of 16.3% in detecting IDA. 
These contrasting results suggest that the diagno-
sis of IDA in pregnancy requires a comprehensive 
clinical and laboratory evaluation, in accordance 
with recent guidelines (41). 

RDW has also been tested as a marker for the dif-
ferential diagnosis between IDA and Beta thalas-
semia trait (BTT) in a cross-sectional study, howev-
er no significant differences were observed in 
RDW-CV values between 50 IDA and 27 BTT pa-
tients (19.3% ± 10.0 vs. 18.6% ± 5.3, P = 0.965) (16). 
Furthermore, RDW failed to predict responsive-
ness to iron supplementation therapy (17,18). De 
Sà et al. studied RDW values in new-borns of anae-
mic and non-anaemic women. The RDW-CV mean 
(SD) values in anaemic mothers were similar to 
that of non-anaemic mothers (14.3% ± 1.1 vs. 14.1% 

± 0.8, P > 0.250), and no significant differences 
were observed between the corresponding new-
borns (15.0% ± 0.8 vs. 15.2% ± 0.9, P = 0.870) (19). 
The authors hypothesized that iron stores in the 
foetus are not adversely affected by mild to mod-
erate maternal anaemia, because of a compensa-
tory mechanism which allows iron transport across 
the placenta, regardless of maternal blood con-
centrations. 

The results of these studies suggest that RDW is 
often found altered in anaemic pregnants, espe-
cially those with microcytic anaemia and it can be 
useful in the clinical evaluation of pregnancy ane-
mias when integrated with other haematological 
laboratory and clinical findings. It does not seem 
to have any particular effectiveness in monitoring 
iron supplementation therapies or predicting 
anaemia in new-borns; also in these cases RDW 
should be integrated and interpreted with other 
laboratory and clinical data.

Preeclampsia 
Several studies investigated the role of RDW as a 
predictor of the occurrence and severity of preec-
lampsia. Preeclampsia (PE) is defined by new onset 
hypertension and proteinuria after 20 weeks of 
gestation in pregnancy, and represents a major 
cause of maternal and perinatal morbidity and 
mortality. The causes of PE are not clear; abnormal 
placenta development that results in hypoxia and 
ischemia is the most credited pathogenetic hy-
pothesis, but cardiovascular maladaptation to 
pregnancy, several genetic, immunological and 
angiogenic mechanisms, as well as inflammation 
seem to play an important role in the pathogene-
sis of PE (25). Inflammation may produce altera-
tions in RDW values, similar to those observed in 
hypertension and other cardiovascular conditions 

(3,4). This leaded to several studies investigating 
the role of RDW as a predictor of the occurrence 
and severity of PE (20-26). 

Most of the studies performed in Asia reported 
correlations between RDW and the presence and 
severity of PE, but this finding was not confirmed in 
a study performed in Sudan. Kurt et al. reported 
higher mean (SD) RDW-CV values in 52 patients 
with preeclampsia (35 mild and 17 severe) in com-
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parison to 50 controls (14.1% ± 1.1 vs. 16.9% ± 1.7, P 
< 0.001) (20). In addition, a retrospective study per-
formed on 137 patients with preeclampsia and 150 
normotensive pregnant women showed a statisti-
cally significant difference in mean (SD) RDW-CV 
values between the groups (14.3% ± 2.7 vs. 15.5% ± 
2.6, P = 0.047); ROC analysis of RDW-CV at a cut-off 
level of 15.3% showed poor outcomes (22). Better 
results were reported by Reddy et al. who investi-
gated on 143 patients with preeclampsia (76 mild 
and 67 severe) and 111 normal pregnancy cases. 
Mean (SD) RDW-CV was significantly higher in pa-
tients with severe preeclampsia in comparison to 
those with mild preeclampsia and normal controls 
(18.0% ± 3.4, 14.8% ± 3.1 and 12.8% ± 2.1, respec-
tively; P < 0.001) (23). Furthermore, ROC analysis 
showed a good AUC (0.77, 95% CI: 0.70 - 0.83), a 
sensitivity of 71.3% and specificity of 65.0% (no CI 
provided) of RDW-CV at a cut-off level of 15.9% in 
discriminating mild from severe PE. Also, Yücel et al, 
Yılmaz et al. and Sen-yu et al. reported similar find-
ings (24-26). On the contrary, Abdullahi et al. includ-
ing 65 cases and controls matched in their basic 
characteristics found no difference in the mean 
(SD) RDW-CV between women with preeclampsia 
and controls (14.5% ± 1.8 vs. 14.4% ± 1.4, P = 0.710). 
In this study, there was also no difference in the 
mean RDW between women with mild and severe 
preeclampsia (14.7% ± 1.9 vs. 13.9% ± 1.4, P = 0.144) 
and, in logistic regression, there was no association 
between RDW and preeclampsia (OR = 0.9, 95% CI 
= 0.7 - 1.1, P = 0.952) (21). Overall, these findings 
suggest that RDW may be increased in preeclamp-
sia, especially in severe cases, but such an increase 
remains to be better quantified, and evaluated in 
terms of clinical applicability, given the fragmented 
data reported on the sensitivity, specificity and 
other diagnostic accuracy parameters of RDW in 
the studies published so far.   

Gestational diabetes
Gestational diabetes mellitus (GDM) is the most 
common metabolic disease in pregnancy, and 
may have deleterious effects for both the mother 
and the foetus. The role of RDW in predicting GDM 
has been evaluated recently in two studies with 
contrasting results (27,28). The first study was per-

formed retrospectively in 68 patients with GDM 
and 61 healthy controls (27). Gestational diabetes 
mellitus was assessed by a one-hour 50-g oral glu-
cose tolerance test (OGTT) performed between 
24–28 weeks of gestation; in patients with a blood 
glucose concentration of more than 7.8 mmol/L, 
the diagnosis of GDM was confirmed by a subse-
quent three-hour 100-g OGTT. The values of RDW, 
along with other blood cell count indexes were 
measured and analysed, but no significant differ-
ence was detected between the median (range) 
RDW values in women with GDM in comparison to 
those without (14.4 (12.3 - 17.0)% vs. 14.3 (13.0 - 
22.9)%, P > 0.05). 

The second study, published in 2016 by Yildiz et al., 
reported opposite results (28). The authors per-
formed a cross-sectional case–control study of 53 
euthyroid normotensive GDM patients and 35 
healthy pregnant women. The gestational age and 
the definition of GDM were similar to those by Er-
dogan et al. Several blood count indexes were 
found to be altered in the GDM group in this study, 
including RDW; the mean (SD) RDW values were 
15.6% ± 1.1 and 13.0% ± 0.6 (P = 0.007) in GDM and 
healthy controls respectively. According to the au-
thors, the mechanism of the increase of RDW in 
GDM is not clear, and may be secondary to oxida-
tive stress and rapid erythrocyte elimination, simi-
larly to other forms of diabetes (28).

Cheng et al. investigated a different potential diag-
nostic use of RDW in GDM (29). Using a cross-sec-
tional design, they studied 334 pregnant women 
with GDM in order to evaluate the role of RDW in 
predicting early renal injury. Depending on urine 
albumin, women were divided in a case (N = 118) 
and control group (N = 216). The authors found 
that the case group had a higher mean (SD) RDW-
CV values (13.6% ± 0.9 vs. 12.5% ± 0.6, P < 0.001), 
that were positively associated with the albumin - 
creatinine ratio. Multiple logistic regression analy-
sis showed that RDW remained independently as-
sociated with early-stage renal injury, after adjust-
ing for several other potential cofounders. The en-
couraging findings of the studies performed by 
Yilmaz et al. and Cheng et al. suggest that RDW 
may be useful in the evaluation of GDM and its 
complications; however, further research in larger 
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populations is warranted to establish potential 
clinical applications in this context. 

Cholestasis
Abide et al. investigated the role of RDW in pre-
dicting the severity of intrahepatic cholestasis 
(IHC) in pregnancy in a retrospective case-control 
study including 229 pregnants, 84 with ICP and 
145 age-matched healthy controls (30). IHC was 
defined as serum bile acid concentrations ≥ 10 
µmol/L with pruritus that could not be explained 
by any other condition; the patients with ICH were 
further divided into two groups according to their 
serum bile acid concentrations: mild (< 40 µmol/L, 
N = 53) and severe (≥ 40 µmol/L, N = 31). The mean 
(SD) RDW-CV values were significantly lower in pa-
tients with IHC than in controls (15.1% ± 2.7 vs. 
17.1% ± 3.4, P < 0.001), but no alterations in associ-
ation with the severity of the disease were evi-
denced (30). 

Yilmaz et al. published a similar prospective case-
control study including 90 pregnant women with 
IHC and 90 controls; definitions of IHC and its se-
verity were similar to those by Abide et al (31). In 
this study the mean RDW values were significantly 
lower in the IHC group than in the controls (14.2% 
± 1.71 vs. 15.2% ± 1.5, P = 0.003). In contrast to the 
findings of Abide et al. however, the mean (SD) 
RDW-CV was significantly associated to the severi-
ty of the disease, being higher in the severe IHC pa-
tients (15.8% ± 1.1) than in those with mild disease 
(14.9% ± 1.6, P = 0.006). Furthermore, in correlation 
analyses in IHC group RDW was correlated with the 
total bilirubin and transaminase concentrations. 
The authors advocated that elevated bile acid con-
centrations may lead to the release of several pro-
inflammatory mediators and trigger inflammatory 
response in hepatocytes which affect blood count 
cell indexes, such as the RDW that was found to be 
increased in several chronic liver diseases (31). This 
could explain the higher RDW values detected in 
more severe IHC in relation to milder conditions, 
however it does not reconcile with the lower val-
uesin IHC in comparison to healthy controls report-
ed in both the studies. In any case, the diagnostic 
accuracy of RDW, and the ability to stratify patients 
with IHC, needs to be better clarified. 

Recurrent pregnancy loss
The kinetics of RDW in women with recurrent 
pregnancy loss have been evaluated by Dundar et 
al. in 2014 (32). The authors performed a retrospec-
tive analysis of the main blood count indexes in 60 
women who had a history of recurrent pregnancy 
loss, 60 healthy women who had a first trimester 
pregnancy, and 60 healthy parous women. Recur-
rent miscarriage was defined as three or more 
consecutive first-trimester (< 13 weeks) miscarriag-
es, two or more second trimester miscarriages (13–
24 weeks) or one third trimester foetal loss (> 24 
weeks) combined with at least one first-trimester 
miscarriage, excluding cases due to uterine anom-
alies and/or endocrine abnormalities. Double 
thrombophilia tests were also performed at an in-
terval of 12 weeks, in order to evaluate associa-
tions with the indexes under investigation. The au-
thors found that mean (SD) RDW-CV was signifi-
cantly higher in women with recurrent pregnancy 
losses than in pregnant women (16.3% ± 4.6 vs. 
14.2% ± 3.1, P = 0.001), and in the 19 women with 
thrombophilia than in the 41 without (18.4% ± 5.8 
vs. 15.3% ± 3.6, P = 0.043). They hypothesized that 
anisocytosis could increase the thrombotic predis-
position of red blood cells; it is not clear whether 
anisocytosis is the underlying cause, or an epiphe-
nomenon due to pre-existing conditions (32). 

The findings of Dundar et al. regarding the higher 
RDW values in women with recurrent pregnancy 
loss were not confirmed in a more recent study 
which retrospectively included 120 women with 
recurrent miscarriage and 120 match-paired con-
trols (33). In this study the mean (SD) RDW-CV val-
ues were somewhat lower in cases than in controls 
(13.8% ± 1.4 vs. 14.0% ± 1.6, P = 0.203), but the dif-
ference was not statistically significant. These 
studies did not asses the accuracy of RDW values 
in predicting recurrent miscarriage. In addition, 
their results highlight significant uncertainties re-
garding the kinetics of RDW in women with multi-
ple miscarriages. Further well-designed prospec-
tive studies are necessary to evaluate the predic-
tive or diagnostic accuracy and clinical usefulness 
of RDW in this setting.  
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Other pregnancy complications
A few studies have been published to date, investi-
gating the roles of RDW variations in other rarer 
pregnancy complications. Ilhan et al. in 2015 stud-
ied several blood cell count inflammatory markers 
including RDW as early predictors of acute pancre-
atitis (AP) in pregnancy, and potential associations 
of these markers with AP severity (34). The study 
retrospectively involved 14 pregnant patients with 
AP, and 30 healthy pregnant controls; the mean 
(SD) RDW-SD values were significantly higher in 
patients with pancreatitis (48.9 fL ± 6.8 vs. 40.5 fL ± 
3.0, P < 0.001). The study has several limitations, 
like the retrospective design and the small num-
ber of patients, but the results suggest a potential 
role of the RDW in predicting acute pancreatitis in 
pregnancy. 

In another cross-sectional study, the role of RDW 
in predicting placental invasion abnormalities 
(PIA) was evaluated in 46 women with histologi-
cally confirmed PIA (35). The control group includ-
ed 100 women with suspected but not histologi-
cally confirmed PIA. Mean (SD) RDW-CV values 
were significantly lower in women without PIA 
than in those with PIA (15.1% ± 1.8 vs. 17.1% ± 3.3, P 
< 0.001), and in univariate and multivariate analysis 
they were independently associated with PIA ab-
sence. 

RDW was tested also in the evaluation of hyperem-
esis gravidarum (HEG), a medical condition of in-
tractable vomiting during pregnancy affecting ap-
proximately 0.3 - 2% of all pregnancies (36). The 
study was performed in 54 HEG patients and 58 
age- and gestational-age-matched controls, but 
no statistically significantly differences with RDW-
CV were detected (12.1% ± 1.4 vs. 12.6% ± 1.7, P > 
0.05) 

One study investigated the role of RDW in the con-
text of establishing adequate therapeutic strate-
gies. In particular, the study retrospectively evalu-
ated the role of several blood cell count indexes in 
predicting the most accurate treatment in patients 
with ectopic pregnancy (EP) (37). There were 153 
EP cases, 93 treated with methotrexate (MTX) and 
60 with surgery. Red blood cell distribution width 
was significantly increased in MTX group (13.2% ± 

1.8 versus 12.5% ± 1.8, P = 0.001). Furthermore, 
RDW values were independently associated with 
MTX therapy in univariate and multivariate analy-
ses. In ROC analysis, the best RDW-CV cut-off value 
was 13.4% (sensitivity 73.3%; specificity 40.9%), 
with a poor although significant AUC (0.66, 95% CI: 
0.57 - 0.75, P = 0.001). The authors advocate that 
the RDW could be useful in selecting the right 
therapy in patients with EP.  

Future perspectives

Anisocytosis is involved in several phases of physi-
ological pregnancy, as well as in several pregnan-
cy complications. The studies available in the cur-
rent scientific literature and described in this re-
view provide encouraging evidence supporting 
the potential clinical involvement of RDW in pre-
dicting pregnancy complications; nevertheless, 
these studies offer a fragmented view of such an 
involvement, and are often retrospective or char-
acterized by several biases; indeed, only one of the 
diagnostic studies enrolled was performed in ac-
cordance with the STARD guidelines. Moreover, it 
is well-known that one of the leading technical is-
sues in routine assessment of RDW is that the ref-
erence range is highly analyser-dependent (2). This 
greatly limits the establishment of RDW reference 
intervals in a huge variety of physiological condi-
tions and diseases (including pregnancy), and the 
availability of homogeneous data to analyse. Thus, 
deviations from the reference intervals document-
ed in several pregnancy complications in the stud-
ies enrolled in this review cannot be homogene-
ously evaluated. Large well-designed studies per-
formed with the same laboratory technologies 
and protocols are necessary to establish the exact 
reference ranges of RDW during the different 
phases of pregnancy in several populations and in 
women with different anthropometric, demo-
graphic, and biological characteristics. Further-
more, large prospective studies are warranted to 
evaluate the kinetics of RDW in women with spe-
cific pregnancy complications, possibly defined 
with widely accepted criteria, and again, harmo-
nized laboratory approaches. This may be of sig-
nificant utility considering that the RDW is a sim-
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ple, low-cost, easy to perform, and widely availa-
ble index. 

In conclusion, the mean RDW values change dur-
ing pregnancy, and some studies have been per-
formed to establish reference intervals in several 
populations. Recent studies also report various as-
sociations between the RDW and pregnancy com-

plications, including anaemia, preeclampsia, dia-
betes, recurrent miscarriage and others. Further 
studies are warranted to better evaluate the kinet-
ics of RDW in such conditions, and to establish its 
potential clinical use. 

Potential conflict of interest 

None declared. 

References
 1. Lippi G, Cervellin G, Favaloro EJ, Plebani M. In vitro 

and in vivo hemolysis. An unresolved dispute in labo-
ratory medicine. Boston: De Gruyter, 2012. https://doi.
org/10.1515/9783110246148

 2. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blo-
od cell distribution width: A simple parameter with multiple 
clinical applications. Crit Rev Clin Lab Sci. 2015;52:86-105. 
https://doi.org/10.3109/10408363.2014.992064

 3. Borné Y, Smith JG, Melander O, Engström G. Red cell dis-
tribution width in relation to incidence of coronary events 
and case fatality rates: a population-based cohort study. 
Heart. 2014;100:1119-24. https://doi.org/10.1136/hear-
tjnl-2013-305028

 4. Lee JH, Yang DH, Jang SY, Choi WS, Kim KH, Lee WK, et al. 
Incremental predictive value of red cell distribution width for 
12-month clinical outcome after acute myocardial infarcti-
on. Clin Cardiol. 2013;36:336-41. https://doi.org/10.1002/
clc.22114

 5. Paliogiannis P, Fois AG, Sotgia S, Mangoni AA, Zinellu E, 
Pirina P, et al. Neutrophil to lymphocyte ratio and clini-
cal outcomes in COPD: recent evidence and future per-
spectives. Eur Respir Rev. 2018;27:170113. https://doi.
org/10.1183/16000617.0113-2017

 6. Paliogiannis, Scognamillo F, Bellomo M, Pittalis ML, Pisano 
IP, Karligkiotis A, et al. Neutrophil to lymphocyte ratio as a 
predictor of thyroid papillary carcinoma. Acta Med Medi-
terr. 2015;31:371-5. 

 7. Koma Y, Onishi A, Matsuoka H, Oda N, Yokota N, Matsumo-
to Y, et al. Increased red blood cell distribution width asso-
ciates with cancer stage and prognosis in patients with lung 
cancer. PLoS One. 2013;8:e80240. https://doi.org/10.1371/
journal.pone.0080240

 8. Lippi G, Salvagno GL, Guidi GC. Red blood cell distribution 
width is significantly associated with aging and gender. Clin 
Chem Lab Med. 2014;52:e197-9. https://doi.org/10.1515/
cclm-2014-0353

 9. Lippi G, Salvagno GL, Danese E, Tarperi C, Guidi GC, 
Schena F. Variation of red blood cell distribution width 
and mean platelet volume after moderate enduran-
ce exercise. Adv Hematol. 2014;2014:192173. https://doi.
org/10.1155/2014/192173

10. Li A, Yang S, Zhang J, Qiao R. Establishment of reference in-
tervals for complete blood count parameters during normal 
pregnancy in Beijing. J Clin Lab Anal. 2017:e22150. https://
doi.org/10.1002/jcla.22150

11. Khan H, Khan K, Sahahtaj, Khattak RN. Red cell parameters 
in third trimester of pregnancy in a tertiary care hospital of 
Peshawar, Pakistan. RMJ. 2014;39:435-8. 

12. Amah-Tariah FS, Ojeka SO, Dapper DV. Haematological va-
lues in pregnant women In Port Harcourt, Nigeria II: Serum 
iron and transferrin, total and unsaturated iron binding ca-
pacity and some red cell and platelet indices. Niger J Physiol 
Sci. 2011;26:173-8. 

13. Sultana GS, Haque SA, Sultana T, Rahman Q, Ahmed AN. 
Role of red cell distribution width (RDW) in the detection 
of iron deficiency anaemia in pregnancy within the first 
20 weeks of gestation. Bangladesh Med Res Counc Bull. 
2011;37:102-5. https://doi.org/10.3329/bmrcb.v37i3.9122

14. Abdelrahman EG, Gasim GI, Musa IR, Elbashir LM, Adam I. 
Red blood cell distribution width and iron deficiency ane-
mia among pregnant Sudanese women. Diagn Pathol. 
2012;7:168. https://doi.org/10.1186/1746-1596-7-168

15. Tiwari M, Kotwal J, Kotwal A, Mishra P, Dutta V, Chopra S. 
Correlation of haemoglobin and red cell indices with serum 
ferritin in Indian women in second and third trimester of 
pregnancy. Med J Armed Forces India. 2013;69:31-6. https://
doi.org/10.1016/j.mjafi.2012.07.016

16. Tasneem S, Sultana N, Snover A, Alam K. Clinical utility of 
red blood cell count, red cell distribution width: will it pro-
vide more accurate differentiation of Beta thalassemia trait 
and iron deficiency anemia in pregnancy. RMJ. 2016;41:424-
7. 

17. Bresani Salvi CC, Braga MC, Figueirôa JN, Batista Filho M. 
Could the erythrocyte indices or serum ferritin predict the 
therapeutic response to a trial with oral iron during pre-
gnancy? Results from the Accuracy study for Maternal 
Anaemia diagnosis (AMA). BMC Pregnancy Childbirth. 
2016;16:218. https://doi.org/10.1186/s12884-016-1005-x

18. Schoorl M, Schoorl M, van der Gaag D, Bartels PC. Effects of 
iron supplementation on red blood cell hemoglobin con-
tent in pregnancy. Hematol Rep. 2012;4:e24. https://doi.
org/10.4081/hr.2012.e24

https://doi.org/10.1515/9783110246148
https://doi.org/10.1515/9783110246148
https://doi.org/10.3109/10408363.2014.992064
https://doi.org/10.1136/heartjnl-2013-305028
https://doi.org/10.1136/heartjnl-2013-305028
https://doi.org/10.1002/clc.22114
https://doi.org/10.1002/clc.22114
https://doi.org/10.1183/16000617.0113-2017
https://doi.org/10.1183/16000617.0113-2017
https://doi.org/10.1371/journal.pone.0080240
https://doi.org/10.1371/journal.pone.0080240
https://doi.org/10.1515/cclm-2014-0353
https://doi.org/10.1515/cclm-2014-0353
https://doi.org/10.1155/2014/192173
https://doi.org/10.1155/2014/192173
https://doi.org/10.1002/jcla.22150
https://doi.org/10.1002/jcla.22150
https://doi.org/10.3329/bmrcb.v37i3.9122
https://doi.org/10.1186/1746-1596-7-168
https://doi.org/10.1016/j.mjafi.2012.07.016
https://doi.org/10.1016/j.mjafi.2012.07.016
https://doi.org/10.1186/s12884-016-1005-x
https://doi.org/10.4081/hr.2012.e24
https://doi.org/10.4081/hr.2012.e24


Biochem Med (Zagreb) 2018;28(3):030502  https://doi.org/10.11613/BM.2018.030502 

10

Paliogiannis P. et al. RDW in pregnancy 

19. de Sá SA, Willner E, Duraes Pereira TA, de Souza Vr, Teles 
Boaventura G, Blondet de Azeredo V. Anemia in pregnancy; 
impact on weight and in the development of anemia in 
newborn. Nutr Hosp. 2015;32:2071-9. 

20. Kurt RK, Aras Z, Silfeler DB, Kunt C, Islimye M, Ko-
sar O. Relationship of red cell distribution width 
with the presence and severity of preeclampsia. Clin 
Appl Thromb Hemost. 2015;21:128-31. https://doi.
org/10.1177/1076029613490827

21. Abdullahi H, Osman A, Rayis DA, Gasim GI, Imam AM, Adam 
I. Red blood cell distribution width is not correlated with 
preeclampsia among pregnant Sudanese women. Diagn 
Pathol. 2014;9:29. https://doi.org/10.1186/1746-1596-9-29

22. Gezer C, Ekin A, Solmaz U, Eftal Taner C, Tosun G, MÖzeren 
M. The value of red cell distribution width for predicting su-
bsequent preeclampsia. Cukurova Med J. 2016;41:224-8. 
https://doi.org/10.17826/cutf.199198

23. Reddy SG, Kumar H, Nagaraj G, Kottur PP. Red cell distribu-
tion width as a marker of preeclampsia severity. J Evoluti-
on Med Dent Sci. 2016;5:3104-7. https://doi.org/10.14260/
jemds/2016/720

24. Yücel B, Ustun B. Neutrophil to lymphocyte ratio, plate-
let to lymphocyte ratio, mean platelet volume, red cell dis-
tribution width and plateletcrit in preeclampsia. Pre-
gnancy Hypertens. 2017;7:29-32. https://doi.org/10.1016/j.
preghy.2016.12.002

25. Yilmaz ZV, Yilmaz E, Küçüközkan T. Red blood cell distri-
bution width: A simple parameter in preeclampsia. Pre-
gnancy Hypertens. 2016;6:285-7. https://doi.org/10.1016/j.
preghy.2016.05.001

26. Sen-Yu W, Chao X. Assessment of the relationship between 
red blood cell distribution width and preganecy hypertensi-
on disease. J Obstet Gynaecol Res. 2016;42:1258-62. https://
doi.org/10.1111/jog.13067

27. Erdoğan S, Ozdemir O, Doğan HO, Sezer S, Atalay CR, Me-
riç F, et al. Liver enzymes, mean platelet volume, and red cell 
distribution width in gestational diabetes. Turk J Med Sci. 
2014;44:121-5. https://doi.org/10.3906/sag-1301-41

28. Yildiz S, Üçler R, Alay M, Ekici EB. Which hemogram parame-
ter is more cautionary in euthyroid patients with gestatio-
nal diabetes mellitus. East J Med. 2016;21:162-7. https://doi.
org/10.5505/ejm.2016.66375

29. Cheng D, Zhao J, Jian L, Ding T, Liu S. Relationship between 
red cell distribution width and early renal injury in patients 
with gestational diabetes mellitus. Ren Fail. 2016;38:1218-
23. https://doi.org/10.1080/0886022X.2016.1207050

30. Yayla Abide Ç, Vural F, Kılıccı C, Bostancı Ergen E, Yenidede 
I, Eser A, et al. Can we predict severity of intrahepatic cho-
lestasis of pregnancy using inflammatory markers? Turk 
J Obstet Gynecol. 2017;14:160-5. https://doi.org/10.4274/
tjod.67674

31. Yilmaz VZ, Gencosmanoglu Turkmen G, Daglar K, Yılmaz E, 
Kara O, Uygur D. Elevated red blood cell distribution width 
is associated with intrahepatic cholestasis of pregnancy. 
Ginekol Pol. 2017;88:75-80. https://doi.org/10.5603/
GP.a2017.0015

32. Dundar O, Pektas MK, Bodur S, Bakır LV, Cetin A. Recurrent 
pregnancy loss is associated with increased red cell distribu-
tion width and platelet distribution width. J Obstet Gynae-
col Res. 2015;41:551-8. https://doi.org/10.1111/jog.12600

33. Yilmaz M, Delibas IB, Isaoglu U, Ingec M, Borekci B, Ulug 
P. Relationship between mean platelet volume and re-
current miscarriage: a preliminary study. Arch Med Sci. 
2015;11:989-93. 

34. Ilhan M, Ilhan G, Gök AF, Bademler S, Verit Atmaca F, Erte-
kin C. Evaluation of neutrophil-lymphocyte ratio, plate-
let-lymphocyte ratio and red blood cell distribution width-
platelet ratio as early predictor of acute pancreatitis in pre-
gnancy. J Matern Fetal Neonatal Med. 2016;29:1476-80. 
https://doi.org/10.3109/14767058.2015.1051026

35. Abide Yayla C, Ozkaya E, Tayyar A, Senol T, Senturk MB, Kara-
teke A. Predictive value of complete blood count parameters 
for placental invasion anomalies. J Matern Fetal Neonatal 
Med. 2017;30:2324-8. https://doi.org/10.1080/14767058.20
16.1247266

36. Beyazit F, Ozturk FH, Pek E, Unsal MA. Evaluation of the he-
matologic system as a marker of subclinical inflammation 
in hyperemesis gravidarum: a case control study. Ginekol 
Pol. 2017;88:315-9. https://doi.org/10.5603/GP.a2017.0059

37. Akkaya H, Uysal G. Can hematologic parameters predict tre-
atment of ectopic pregnancy? Pak J Med Sci. 2017;33:937-
42. https://doi.org/10.12669/pjms.334.12418

38. Shehata HA, Ali MM, Evans-Jones JC, Upton GJ, Manyon-
da IT. Red cell distribution width (RDW) changes in pre-
gnancy. Int J Gynaecol Obstet. 1998;62:43-6. https://doi.
org/10.1016/S0020-7292(98)00069-1

39. Lurie S. Changes in age distribution of erythrocytes during 
pregnancy: a longitudinal study. Gynecol Obstet Invest. 
1993;36:141-4. https://doi.org/10.1159/000292613

40. Casanova BF, Sammel MD, Macones GA. Development of 
a clinical prediction rule for iron deficiency anemia in pre-
gnancy. Am J Obstet Gynecol. 2005;193:460-6. https://doi.
org/10.1016/j.ajog.2004.12.008

41. Peyrin-Biroulet L, Williet N, Cacoub P. Guidelines on the di-
agnosis and treatment of iron deficiency across indicati-
ons: a systematic review. Am J Clin Nutr. 2015;102:1585-94. 
https://doi.org/10.3945/ajcn.114.103366

https://doi.org/10.1177/1076029613490827
https://doi.org/10.1177/1076029613490827
https://doi.org/10.1186/1746-1596-9-29
https://doi.org/10.17826/cutf.199198
https://doi.org/10.14260/jemds/2016/720
https://doi.org/10.14260/jemds/2016/720
https://doi.org/10.1016/j.preghy.2016.12.002
https://doi.org/10.1016/j.preghy.2016.12.002
https://doi.org/10.1016/j.preghy.2016.05.001
https://doi.org/10.1016/j.preghy.2016.05.001
https://doi.org/10.1111/jog.13067
https://doi.org/10.1111/jog.13067
https://doi.org/10.3906/sag-1301-41
https://doi.org/10.5505/ejm.2016.66375
https://doi.org/10.5505/ejm.2016.66375
https://doi.org/10.4274/tjod.67674
https://doi.org/10.4274/tjod.67674
https://doi.org/10.5603/GP.a2017.0015
https://doi.org/10.5603/GP.a2017.0015
https://doi.org/10.1111/jog.12600
https://doi.org/10.3109/14767058.2015.1051026
https://doi.org/10.1080/14767058.2016.1247266
https://doi.org/10.1080/14767058.2016.1247266
https://doi.org/10.5603/GP.a2017.0059
https://doi.org/10.12669/pjms.334.12418
https://doi.org/10.1016/S0020-7292(98)00069-1
https://doi.org/10.1016/S0020-7292(98)00069-1
https://doi.org/10.1159/000292613
https://doi.org/10.1016/j.ajog.2004.12.008
https://doi.org/10.1016/j.ajog.2004.12.008
https://doi.org/10.3945/ajcn.114.103366

