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ABSTRACT

Objective: To establish the usefulness of red cell distribution width in the second
trimester of pregnancy as a predictor of the development of preeclampsia. Design:
Case-control study. Institution: Hospital Central "Dr. Urquinaona", Maracaibo,
Venezuela. Participants: Pregnant women between 17 and 20 weeks who attended
prenatal consultation and were followed up until to term. Methods: Blood samples
were taken and followed up until delivery to establish if they developed preeclampsia.
Main outcome measures: General characteristics, values of red cell distribution
width and prognostic efficacy. Results: Cases were 41 pregnant women who
developed preeclampsia (group A) and 463 pregnant women were considered as
controls (group B). No statistically significant differences were found in maternal age,
gestational age, and systolic and diastolic blood pressure at the time of ultrasound
(p = ns). Gestational age at the time of diagnosis of preeclampsia in group A was
35.0 +/- 3.2 weeks. Significant differences were found in red cell distribution width
values between patients in group A (14.5 +/- 2.3%) and patients in group B (13.8 +/-
1.8%; p = 0.039). A cut-off value of 14% presented a value under the curve of 0.576
with sensitivity of 63.4%, specificity of 49.7%, positive predictive value of 10.0% and
negative predictive value of 93.9%. Conclusion: The values of red cell distribution
width values in the second trimester are not useful in the prediction of preeclampsia.
Key words: Erythrocyte indices, Red cell distribution width, Preeclampsia, prediction,
Pregnancy.

RESUMEN

Objetivo. Establecer la utilidad de la amplitud de distribucion eritrocitaria en el
segundo trimestre del embarazo como predictor del desarrollo de preeclampsia.
Disefio. Estudio de casos-controles. Instituciéon. Hospital Central “Dr. Urquinaona”,
Maracaibo, Venezuela. Participantes. Embarazadas entre 17 y 20 semanas que
acudieron a la consulta prenatal y fueron seguidas hasta el término del embarazo.
Métodos. Se tomaron muestras de sangre y fueron seguidas hasta el parto para
establecer si desarrollaban preeclampsia. Principales medidas de resultado.
Caracteristicas generales, valores de la amplitud de la distribucién eritrocitaria y
eficacia prondstica. Resultados. Los casos fueron 41 embarazadas que desarrollaron
preeclampsia (grupo A) y 463 embarazadas fueron consideradas como controles
(grupo B). No se encontraron diferencias estadisticamente significativas en la edad
materna, edad gestacional y presion arterial sistélica y diastélica al momento de la
realizacion de la ecografia (p = ns). La edad gestacional al momento del diagnéstico
de preeclampsia en el grupo A fue de 35,0 +/- 3,2 semanas. Se encontraron
diferencias significativas en los valores de amplitud de la distribucién eritrocitaria
entre las pacientes del grupo A (14,5 +/- 2,3%) y las pacientes del grupo B (13,8 +/-
1,8%; p = 0,039). Un valor de corte de 14% presentd un valor por debajo de la curva
de 0,576 con sensibilidad del 63,4%, especificidad del 49,7%, valor predictivo positivo
del 10,0% y valor predictivo negativo del 93,9%. Conclusion. Los valores de valores
de la amplitud de la distribucién eritrocitaria en el segundo trimestre no son Utiles
en la prediccién de preeclampsia.

Palabras clave. Indices de eritrocitos, Amplitud de la distribucién eritrocitaria,
Preeclampsia, prediccion, Embarazo.

INTRODUCCION

Preeclampsiais characterized by hypertension and proteinuria and is one
of the main causes of maternal and perinatal morbidity and mortality™.
The underlying pathology for its occurrence is still not fully understood.
It has been suggested that the main pathophysiological mechanism is
altered placentation, producing inadequate invasion by the cytotropho-
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blast and generalized maternal endothelial dys-
function. The clinical manifestations are associat-
ed with the latter, which causes vasoconstriction
and end-organ injury?. Increased erythropoietic
activity secondary to underlying placental hypox-
ia has also been described®.

Red cell distribution width (RCDW, an analysis
that measures the variation in the volume and
size of red blood cells or erythrocytes) is a useful
hematological parameter for evaluating the het-
erogeneity of red blood cell size, both due to de-
struction and production deficits that lead to an
increase in erythrocyte volume®. It is used as an
aid in the differential diagnosis of hypochromic
anemias. But recently several investigations have
shown its association with increased mortality in
patients with cardiovascular disease®®, as well
as a marker of systemic inflammatory response
in other chronic diseases”. The type and kind
of association are unclear, although it has been
suggested that inflammation and nutritional de-
ficiencies, especially in iron metabolism, lead to
increased RCDW values. This bone marrow dys-
function secondary to systemic inflammation
results in increased ineffective erythropoiesis
which contributes to increased anisocytosis, re-
flected by RCDW values®.

Although the relationship between RCDW and hy-
pertension has been clearly demonstrated, there
is controversial data on its association with the
diagnosis of preeclampsia and the evidence is
still scarce on its usefulness in the prediction of
the syndrome®*, The aim of this study was to
establish the usefulness of red cell distribution
width in the second trimester of pregnancy as a
predictor of the development of preeclampsia.

METHODS

A prospective, explanatory study was conducted
in nulliparous pregnant women with singleton
pregnancies who were attended at the outpatient
prenatal clinic of the Hospital Central "Dr. Ur-
quinaona", Maracaibo, Venezuela, between Janu-
ary 2014 and September 2021. The study protocol
was approved by the Hospital Ethics Committee
before the start of the research and written con-
sent was obtained from all patients.

Once the patients were selected for the study, a
data collection form was filled out that included:
patient identification, personal and gynecolog-
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ical-obstetrical history, prenatal control, gesta-
tional age (by date of last menstrual period or
first trimester ultrasound) and leukocyte count
values. Gestational age was calculated on the
date of the last menstrual period and corrected
by ultrasound if measurements during the first
trimester showed a difference of more than 7
days. All pregnancies were followed until deliv-
ery and were categorized according to the devel-
opment of preeclampsia (cases; group A) or not
(controls; group B).

Patients with a diagnosis of preeclampsia were in-
cluded. This was considered when systolic blood
pressure was equal to or greater than 140 mmHg
and/or diastolic blood pressure equal to or great-
er than 90 mmHg, confirmed by 6 h or more dif-
ference. Proteinuria was defined as 300 mg or
more of protein in a 24-h sample after 20 weeks
of gestation. Blood pressure was measured in a
sitting position after 15 min rest, using a standard
mercury sphygmomanometer with a 14-cm cuff.
Systolic and diastolic blood pressure (taken rela-
tive to the fifth Korotkoff noise) was located rela-
tive to the nearest 2 mmHg point. The palpatory
method was used to verify auscultatory readings
of systolic blood pressure. Systolic and diastolic
blood pressures were calculated from the aver-
age blood pressure of each arm.

Pregnant women with a diagnosis of polyhy-
dramnios, third trimester hemorrhage (placental
abruption, placenta previa), suspected intrauter-
ine growth restriction of the fetus (head circum-
ference, abdominal circumference and femur
length less than the 10th percentile of reference
with postnatal confirmation of weight less than
the 10th percentile of reference), severe pre-
eclampsia with multiorgan manifestations, fetal
heart rate alterations, multiple gestations, pres-
ence of intrauterine or active maternal infection,
chronic hypertensive disease (hypertension be-
fore 20 weeks of pregnancy), cardiac, hematolog-
ic, hepatic, renal or chronic systemic disease, pre-
or gestational diabetes mellitus, smoking, those
pregnant women in whom blood samples could
not be obtained. Patients who refused to partici-
pate in the research were also excluded.

Antecubital vein blood samples were collect-
ed at the time of routine ultrasound evaluation
in all selected pregnant women during the sec-
ond trimester of pregnancy (17-20 weeks). Two
milliliters of blood were taken and ethylenedi-
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aminetetraacetic acid was added and immediate-
ly analyzed to obtain the RCDW value, using the
same automatic quantitative hematology analyz-
er. This describes the percentage variation (being
statistically a coefficient of variation) of red blood
cell size, where its formula is: [standard devia-
tion/mean corpuscular volume] x 100@.

The values obtained were presented as mean
+/- standard deviation. The Kolmogorov-Smirnov
test was used to test the normal distribution of
the data (p > 0.05). Student's t test for unrelat-
ed samples was used for cluster analysis and to
compare continuous variables. The accuracy of
RCDW values for predicting the development of
preeclampsia is presented in terms of sensitivity,
specificity, positive predictive value, and negative
predictive value. Operator-receptor analysis was
used to determine the best cutoff value. This was
established by the highest sensitivity and speci-
ficity represented by the highest Youden index. p
<0.05 was considered statistically significant.

REesults

The results were obtained from the measure-
ments of 504 primigravid pregnant women, of
whom 41 patients (8.1%) developed preeclampsia
(group A) and 463 pregnant women (91.9%) were
considered controls (group B). The general char-
acteristics of the 2 groups of pregnant women are
shown in Table 1. No statistically significant dif-
ferences were found in maternal age, gestational

TABLE 1. GENERAL CHARACTERISTICS.

Group B

Controls
(n =159)

Characteristics

Maternal age, years 229+/-25  225+/-23 ns
Body mass index, Rg/m2 286+/-45  275+/-43 ns
Gestatlongl age at the time of 183+/-09 1854/-09 e
examination, weeRs
Systolic bIoodlpre'ssure at the time 105+/-53  118+/-52 e
of examination, mmHg
Diastolicblood pressureatthe 0 ) 45 771,039 s
time of examination, mmHg
Gestational age at delivery, weeks ~ 350 +/-32 383+/-14 <0001
Systolic blood pressure at delivery, 13994144  157+/-72 <000l
mmHg
Dlastollc.blood pressure at 986+/-57  742+/-80 <000
delivery, mmHg
Proteinuria, g/24 hours 430+/-160 024+/-003 <0001
Newbomn birth weight, grams 2792+/-711  3624+/-352 <0001

age, and systolic and diastolic blood pressure at
the time of ultrasound (p = ns). Gestational age
at diagnosis of preeclampsia in group A was 35.0
+/- 3.2 weeks. Statistically significant differenc-
es were observed in gestational age at delivery,
systolic and diastolic blood pressure at delivery,
24-hour proteinuria, and newborn birth weight
between the 2 groups of pregnant women (p <
0.0001).

Figure 1 shows the mean RCDW values. Statisti-
cally significant differences were observed in the
mean values between patients in group A (14.5
+/- 2.3%) compared to patients in group B (13.8
+/-1.8%; p = 0.039).

Figure 2 shows the operator-receptor curve for
the accuracy of RCDW values in predicting pre-
eclampsia. A cutoff value of 14% mg/dL presented
a value under the curve of 0.576 (95% confidence
interval [95% Cl], 0.473-0.679) and sensitivity
values of 63.4% (95% Cl; 48.1-76.4), specificity
of 49.7% (95% Cl; 45.1-54.2), positive predictive
value of 10.0% (95% Cl; 6.9-14.3) and negative
predictive value of 93.9% (95% Cl; 90.1-96.4), to-
gether with a positive likelihood ratio of 1.26 (95%
Cl; 0.98-1.62) and positive likelihood ratio of 0.74
(95% Cl; 0.48-1.12). The diagnostic accuracy was
50.8% (95% Cl, 46.4-55.1).

DiscussioN

Elevated RCDW values reflect heterogeneity of
erythrocyte size, which is caused by disturbance
in erythrocyte degradation or maturation. It is a
widely available hematologic index showing vari-
ation in erythrocyte volume called anisocytosis,

FIGURE 1. RED CELL DISTRIBUTION WIDTH VALUES IN THE SECOND
TRIMESTER IN PREGNANT WOMEN WHO SUBSEQUENTLY DEVELOPED
PREECLAMPSIA COMPARED TO HEALTHY PREGNANT CONTROLS.
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FIGURE 2. OPERATOR-RECEPTOR CURVE OF RED CELL DISTRIBUTION
WIDTH VALUES IN THE PREDICTION OF PREECLAMPSIA.
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which is commonly used to discriminate and
differentiate between types of anemia®?. It may
alsoreflect a state of chronic inflammation, which
may be associated with increased risk of cardio-
vascular disease®. Research results demonstrate
that RCDW values are not useful in the prognosis
of preeclampsia, even though preeclamptic wom-
en have significantly higher values compared to
healthy normotensive pregnant women.

Although the etiology of preeclampsia is un-
known, altered placentation and immune toler-
ance, in addition to the accentuated maternal
vascular inflammatory response, are thought
to be responsible for its occurrence™. Fibrinoid
material and foam cells located around the spiral
arteries cause decreased blood flow, leading to
hypoxia™. Increased stimulation of erythropoie-
tin production secondary to underlying placental
hypoxia has been described in the preeclamptic
arteries®. The increased inflammatory response
in preeclampsia increases the destruction of
erythrocytes by interacting with oxygen radicals
and proteolytic enzymes. Following this destruc-
tion, increased concentrations of some catabolic
products, such as erythrocyte membrane protein
3, have been reported>9,

Thefindings of thisresearch are supported by pre-
vious studies that have shown increased RCDW
values in preeclamptic compared to healthy nor-
motensive pregnant women®™. Viana-Rojas et
al® found significantly increased values in pre-

4 Rev Peru Ginecol Obstet. 2022;68(2)

eclamptic women. They also showed that severe
preeclamptic women had higher values com-
pared to mild preeclamptic women. On the other
hand, RCDW values are significantly increased in
severe preeclamptic women compared to healthy
pregnant controls and mild preeclamptic wom-
en. Yucel et al."” found that severe preeclamp-
tic women had significantly higher values com-
pared with controls, but the test was not useful
in differentiating severe from mild preeclamptic
women. However, there is previous research that
found no association between RCDW values and
the occurrence of the syndrome®.

Sen-yu et al." conducted a study similar to this
one, in which they analyzed RCDW values in the
second trimester and, like the results of this study,
found higher values in those pregnant women
who developed preeclampsia in the third trimes-
ter. However, in contrast to the results reported in
this investigation, their response operator curve
analysis showed that the determination had clin-
ical value for the prediction of the onset and de-
velopment of preeclampsia, which was contrary to
what was found in this group of patients.

There are studies that show an association be-
tween increased RCDW values and biomarkers of
oxidative stress, inflammation, malnutrition, and
renal dysfunction®. Of these, oxidative stress
and inflammation have been studied in some-
what greater depth as determinants of variation,
so that these processes may affect the presence
of anisocytosis. Regarding the inflammatory
state, there are conflicting results, as some stud-
ies have found a statistical relationship between
RCDW values and various systemic inflammatory
parameters”®, while others have found no sig-
nificant associations!"®. Although the mechanism
linking it to hypertension is not clearly under-
stood, inflammation is the most likely explanation
for this phenomenon. It has also recently been
observed that RCDW values are associated with
the presence of hypertension and is an indicator
of poor prognosis in acute myocardial infarction
and heart failure?>2", |t has been proposed that
inflammation may increase values, due to retic-
uloendothelial blockade, causing alterations in
iron metabolism for erythropoiesis and in the
response to erythropoietin. This could suppress
erythrocyte maturation, shortening their half-life
and leading to immature erythrocytes entering
the circulation®223),
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The increase in RCDW values in pregnant wom-
en who subsequently develop preeclampsia can
be explained by several possible mechanisms,
the most likely being an increase in the systemic
inflammatory response®?. This fact is supported
by the positive correlation between C-reactive
protein and RCDW values in preeclampsia“™. Pre-
vious studies have shown that preeclampsia is
associated with increased concentrations of tu-
mor necrosis factor-alpha and interleukin-61+2%.
In addition, inflammatory cytokines cause imma-
ture erythrocytes to enter the circulation by af-
fecting the maturation process .

This research has some limitations. The study
was conducted in a single hospital, which makes
it difficult to extrapolate the results. However,
the sample of pregnant women included were
obtained consecutively among those who attend-
ed the hospital, and their characteristics do not
indicate significant bias samples. Tests for hemo-
globin electrophoresis, serum vitamin B12 and
folate concentrations, serum iron concentrations,
total iron binding capacity and transferrin satura-
tion, which are important to exclude hemoglob-
inopathies, early macrocytosis due to folic acid or
cobalamin deficiency, which may increase RCDW
values, were not performed. On the other hand,
differences in hematological equipment would
make comparisons between different countries
and populations difficult, because each laborato-
ry defines a normal range and, in addition, each
equipment is calibrated differently.

Several studies have proposed that RCDW could
be a useful parameter for the diagnosis or prog-
nosis of different diseases®2). But it is still un-
clear whether anisocytosis (reflected by RCDW
values) could be the cause and/or consequence
of the underlying disease. Nevertheless, RCDW is
an easy, inexpensive, routinely reported parame-
ter that could provide significant diagnostic and
prognostic information in subjects diagnosed
with hypertension and preeclampsia.

CoNCcLUSION

Erythrocyte distribution amplitude values in the
second trimester of pregnancy were not useful
in predicting preeclampsia in this study, even
though patients who subsequently develop pre-
eclampsia had significantly higher values when
compared to those who did not develop the syn-
drome.
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