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Application of cell-free fetal DNA for early evaluation of preeclampsia
to reduce maternal mortality by low-cost method – A prospective cohort study
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Adverse pregnancy outcomes such as preeclampsia are the leading cause of maternal morbidity and mortality in the
world and its incidence is increasing. It has been observed in some studies that cell-free fetal DNA (cff DNA) is increased in
maternal serum associated with preeclampsia. In the present study, we have tested whether the elevated amount of cff DNA
in maternal plasma is associated with PE and development of new marker by the low-cost method to predict preeclampsia.
Twenty-one pregnant women within the age group of 20–30 years attending for routine antenatal checkups at (G & O)
antenatal OPD after 20 weeks with fulfilling the diagnostic criteria of preeclampsia were included in our study.
Age-matched pregnant women without hypertension were included as controls. A complete clinical history and
anthropometric observation showed that gravida (total number of pregnancy in a patient including present pregnancy),
gestational age, gestational age at birth, birth weight in preeclampsia subjects were non-significantly lower than
normotensive subjects. Blood analysis showed lower platelet count and higher creatinine level, bilirubin level, and liver
enzyme activities in preeclampsia subjects in comparison to normotensive subjects. Identification of cell-free fetal DNA
(cff DNA) in maternal plasma by using two in-house methods (phenol-chloroform-isopropanol and NaI) was found
comparable and its content (GE/µL) in preeclampsia subjects were significantly higher than the normotensive subjects.
Correlation analysis showed that APGAR score was significantly negatively correlated with both systolic and diastolic
blood pressure and significantly positively correlated with gestational age and gestational age at birth; whereas, cff DNA
was significantly positively correlated with blood pressure but significantly negatively correlated with platelet count.
In conclusion, our study demonstrated that APGAR score, which is one of the indicators of physiologic maturity of the
infant is severely affected by the causative factors of preeclampsia and cell-free fetal DNA quantification may be a
promising marker for future adverse pregnancy outcome.
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Adverse pregnancy outcomes are the leading cause of
maternal morbidity and mortality in the world and its
incidence is increasing. On an average 830 pregnant
women die every day from preventable causes
worldwide, which accounts for maternal mortality
ratio (MMR) 239 per 100000 live births in developing
countries and 12 per 100000 live births in developed
countries1. In 2015, the global MMR stood at
216 maternal deaths per 100000 live births2, while it
was reported 174 in India contributing up to 20%
maternal death worldwides1. Most maternal deaths
can be prevented2. Sustainable development goals
(SDG) replacing the millennium development goals
——————
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(MDG) have been aimed to reduce MMR below
70 per 100000 live births by the year 20301.
Therefore, antenatal screening is essential as preventive
measures.
Preeclampsia (PE), a multisystem pregnancy-related
hypertensive disorder of unknown etiology3, is one of
the leading causes, which may complicate pregnancy
resulting in adverse impact on maternal health and
often ended with maternal mortality. It is hypothesized
that preeclampsia is a two-stage disease. In the first
stage, trophoblast invasion and artery modification
lead to placental insufficiency3. Defective implantation
and placentation reduce uteroplacental perfusion,
placental ischemia, hypoxia and oxidative stress,
which activate intracellular signaling cascades, secretion
of growth factors, antiangiogenic factors, vasoconstrictors,
and cytokines. This leads to increased systemic
vascular resistance, enhanced platelet aggregation,
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activation of the coagulation system, and endothelial
cell dysfunction3. Imbalance of vasodilators and
vasoconstrictors results in a muscular spasm. Acute
atherosis and spiral artery thrombosis have also been
implicated in causing severe placental ischemia and
infarction4. The endothelial dysfunction leads to the
clinically recognized symptoms of the preeclampsia,
including hypertension, proteinuria, thrombocytopenia,
impaired liver function etc.3

Preeclampsia is a disorder of pregnancy typically
characterized by new-onset hypertension and proteinuria
after 20 weeks of gestation. Placental ischemic events
and the release of placental factors appear to play a
critical role in the pathophysiology. These factors
contribute to a generalized systemic vascular endothelial
dysfunction and result in increased systemic vascular
resistance and hypertension5.
Preeclampsia is one of the major health problems
during pregnancy. It complicates 3-8% of pregnancies
and causes a marked the increase in perinatal,
maternal morbidity, and mortality6-9. Although the
exact pathophysiology of preeclampsia is not completely
understood, certain factors have been attributed to it,
which include deficient trophoblastic invasion of the
maternal vascular bed with subsequent reduction of
placental blood flow10,11. Placental under perfusion
initiates widespread systemic, maternal endothelial
dysfunction, and increased vascular permeability12.
It has been observed in some studies that cell-free
fetal DNA (cff DNA) is increased in maternal serum
associated with preeclampsia. Pregnancy with
preeclampsia often complicated and causes adverse
pregnancy outcomes, maternal end organs damage,
eclampsia and even maternal mortality in its
severe form if untreated. Early detection of
the conditions may lead to appropriate intervention
which may prevent preeclampsia among women
with high or moderate risk of PE13-15 and reduces
the relative risk of preeclampsia by 53%16. Detection
of cell-free fetal DNA using markers like RASSF1A,
DSCR3 are useful in evaluating preeclampsia17.
RASSF1A promoter is hypomethylated and sensitive
to digestion of the above restriction endocluses.
Similarly, CpG sites in the promoter region of
the DSCR3 gene are hypermethylated in fetal
DNA but hypomethylated in maternal DNA. The
higher concentration of cff DNA in maternal serum is
found in preeclampsia and particularly cff DNA and
cf DNA ratio are twofold higher in severe
preeclampsia group18.
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In the present study, we have evaluated whether cff
DNA in maternal plasma is associated with causative
factors of PE.
Materials and Methods
Preeclampsia (PE) is defined as new onset of
elevated blood pressure more than 140/90 mm Hg as
measured on two separate occasions after 20 weeks of
pregnancy associated with significant proteinuria
(>300 mg/day)19. Pregnant women attending for routine
antenatal checkups at antenatal OPD of Department
of Obstetrics and Gynaecology (OBG), College of
Medicine & JN Medical Hospital, The West Bengal
University of Health Sciences, Kalyani, Nadia,
West Bengal with fulfilling the diagnostic criteria of
preeclampsia were included in our study. They were
interviewed for their demographic, past obstetrical,
medical background as per performed structured
questioners. Patients with the previous eclampsia,
autoimmune disease, chronic hypertension, renal
disease were excluded from the study. The study was
approved by the Institutional Ethics Committee
(No.F-24/Pr/COMJNMH/IEC/16/1210).
Methods

Twenty-one
preeclampsia
patients
within
20-30 years were included in this study. Age-matched
pregnant women without hypertension were included
as controls. A complete clinical history and anthropometric
measurements, including systolic and diastolic blood
pressure were recorded. Venous blood was collected
and plasma and serum were separated and stored
at −4°C for analysis. Post-delivery conditions in
term of gestational age at delivery, birth weight
of babies, Apgar score, Stillbirth were also
followed up. Hematological examination including
hemoglobin and platelet count and biochemical
analysis including liver enzymes and renal function
tests were performed by commercially available kits
using cell counter (Sysmax) and auto analyzer (ERBA
360), respectively.
Cell-free DNA in maternal plasma was extracted
using in-house methods (phenol-chloroform-isopropanol
and NaI) and commercially available Kit (QIAGEN)
for comparison. Comparison of the PCI and NaI
extraction protocols with the commercially-available
kits was done to standardize the most efficient and
economical method of cff DNA isolation which could
give consistent quality and quantity of cff DNA. Methods
of isolation, storage conditions and time before
isolation of DNA were compared and standardized.
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cff DNA is typically fragmented hypermethylated
DNA of about 150-200 bp20. However, maternal
cfDNA also remain present with cff DNA in the
sample. The promoter of RASSF1A is hypermethylated
in trophoblast resulting in resistance to digestion by
methylation-sensitive restriction endonuclease HhaI,
HpaII, Bstu1(New England Biolabs). On the contrary,
RASSF1A promoter is hypomethylated in serum
and sensitive to digestion of the above restriction
endonucleases. Thus cell-free DNA purified from
maternal plasma as stated above was digested with the
above methylation-sensitive restriction enzymes.
Subsequent PCR amplification with specific primers
around the promoter detected the quantity of fetal
DNA. For internal control, a specific primer for
amplification of β-actin was used21. Cell-free DNA
concentration after extraction comprises of both
fetal and maternal origin of cf-DNA (Total cf-DNA).
But after treatment with restriction enzymes, the
maternal cf-DNA lyses and measurement by
Nanodrop spectrophotometer (ND 100, Fisher) would
reveal the concentration of cff DNA in Genomic
Equivalent (GE/µL).
Statistical analysis

Results were expressed as mean  SE (standard
error). All statistical analysis was performed by oneway analysis of variance (ANOVA) with bivariate
correlation tests and Student’s ‘t’ test using the
Statistical Package for Social Sciences, version
25 (SPSS, Chicago, Illinois). A ‘P’ value of <0.05
was considered significant. Receiver operating

characteristic (ROC) curve analysis of cff DNA was
done by MedCalc version 15.8 (MedCalc Software
bvba; 2015).

Results
In this study, we found that gravida (total number
of pregnancy in a patient including present
pregnancy), gestational age, gestational age at birth,
birth weight in preeclampsia subjects were nonsignificantly lower than normotensive subjects
(Table 1). However, the APGAR score was found to
be significantly lower in preeclampsia subjects in
comparison to the normotensive subjects (Table 1).
Hematological profile analysis showed that, though
hemoglobin content was comparable in both groups,
but platelet count was significantly lower in
preeclampsia subjects than normotensive subjects
(Table 1). Biochemical analysis showed significantly
higher creatinine level, bilirubin level, and liver
enzyme activities in preeclampsia subjects in comparison
to normotensive subjects, though remained within the
normal level (Table 1). Identification of cell-free fetal
DNA (cff DNA) in maternal plasma by both the
methods was found to be comparable (Fig. 1).
However, cell-free fetal DNA content (GE/µL) in
preeclampsia subjects were significantly higher than
the normotensive subjects (Table 1).
Receiver operating characteristic (ROC) curve
analysis (Fig. 2) of cff DNA content to identify a cutoff for preeclampsia was done and it showed that
values more than 116.4 (GE/µL) in serum has the
sensitivity of 85.71 % and specificity of 100% in

Table 1—Comparison of demographic, laboratory, pregnancy outcomes parameters between preeclampsia and control group.

Parameters

Case (n =21)

Age
25.9 ± 0.98
Gravida
1.67 ± 0.17
Gestational Age
250.05 ± 5.97
Gestational age at Birth
261.14 ± 4.47
Birth Weight
2.1 ± 0.15
Systolic blood pressure
149.71 ± 3.5*
Diastolic blood pressure
95.14 ± 3.1*
Hemoglobin (g%)
10.52 ± 0.3
Platelet Count (109/L)
201.7 ± 7.7*
Creatinine (mg%)
0.99 ± 0.06*
Serum Bilirubin (mg%)
0.89 ± 0.05@
SGPT (IU/L)
29.29 ± 1.7#
SGOT (IU/L)
33.81 ± 1.96#
APGAR out of 10
5.33 ± 0.38@
cff DNA Content (GE/uL)
7572.16 ± 1722.18*
Values are mean ± SD of number of observation (n).
P values: *<0.001, #<0.01, @<0.05 compared to healthy control subjects;

Control (n =21)
24.87 ± 0.82
1.76 ± 0.21
255.90 ± 4.48
263.33 ± 3.8
2.4 ± 0.11
109.43 ± 2.6
70.38 ± 2.1
10.96 ± 0.25
265.4 ± 6.1
0.72 ± 0.02
0.77 ± 0.03
23.05 ± 0.6
26.86 ± 0.62
6.33 ± 0.14
32.27 ± 7.3
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Fig. 1—PCR amplification using gender independent chromosome specific locus RASSF1A. Lanes 1 (from left to right)
ɸX174 digested with restriction enzyme Hae III; from lowest to highest bands were of sizes 72, 118, 194, and 234 bp
(other are not mentioned). Lane 2 shows negative control (without template). Lane 3, 4, 5, 6, 7 and 8 were from different samples.
Lane 9 is the positive control with the primer-dimer. The band intensities visibly vary indicating that different samples had a different
amount of cell-free fetal DNA as mothers.
Table 2—Descriptive statistics of cff DNA content

Variables

Sample size
Lowest value
Highest value
Median
95% CI for the median
Interquartile range

Fig. 2—Receiver operating characteristic (ROC) curve analysis of
cff DNA content to identify cutoff for preeclampsia,
[AUC = 0.907, SE ± 0.0552, 95% Confidence interval = 0.777 to
0.975, Significance level P (Area =0.5) = <0.0001]

predicting preeclampsia with AUC of 0.907.
Descriptive analysis of cff DNA (Table 2) has
revealed that the interquartile range of cff DNA in
case was 2134.5000 to 11707.5000 (GE/µL) (95% CI
for the median = 2212.0907 to 10276.1124) and in
control of interquartile range was 7.6650 to 52.2000
(95% CI for the median = 7.7400 to 44.0745).
The correlation analysis showed (Table 3) that
APGAR score was negatively correlated with systolic
blood pressure (r = −0.361, P <0.05) and diastolic blood
pressure (r= -0.413, P <0.01); whereas positively
correlated with gestational age (r =0.392, P <0.01) and
gestational age at birth (r =0.398, P <0.01). On the other
hand, cff DNA was positively correlated with systolic
blood pressure (r =0.371, P <0.05) and diastolic blood
pressure (r= 0.423, P <0.01); whereas negatively
correlated with platelet count (r = −0.474, P <0.01).

Case

21
3.6600
25056.0000
3762.0000
2212.090710276.1124
2134.5000 to
11707.5000

Control

21
3.1800
116.4000
19.9800
7.740044.0745
7.6650 to
52.2000

Table 3—Comparison of correlation of APGAR score and cff
DNA with other variables among total study population (n =42)

Variable

APGAR score

cff DNA

Age
−0.095 (0.550)
0.215(0.172)
SBP
−0.361* (0.019)
0.371* (0.016)
DBP
−0.413** (0.007)
0.423** (0.005)
Platelet
0.276 (0.077)
−0.474** (0.002)
Creatinine
−0.285 (0.067)
0.138 (0.384)
Gestational age
0.392** (0.010)
0.102 (0.522)
Gravida
0.020 (0.899)
−0.024 (0.882)
Gestational age at birth
0.398** (0.009)
0.117 (0.461)
APGAR
1
0.098 (0.536)
Cff DNA
0.098 (0.536)
1
*correlation is significant at the 0.05 level (2-tailed)
**correlation is significant at the 0.01 level (2-tailed)

Discussion
Although the exact cause of preeclampsia remains
unclear, the syndrome may be initiated by placental
factors that enter the maternal circulation and cause
endothelial dysfunction resulting in hypertension
and proteinuria22-25. There is extensive evidence that
pre-pregnancy chronic hypertension is associated with
a high risk of development of severe hypertension and
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preeclampsia and birth of small-for-gestational-age
neonates26.
Changes in several hematological parameters may
be associated with the preeclampsia that may affect
mothers and their newborns27. Platelet count is
decreased by vascular endothelial damage in preeclampsia,
as observed in our study, leads to increased turnover
of platelets28. Therefore, measuring the platelet parameters
could better reveal early-stage severe preeclampsia29.
Serum creatinine and platelet count were identified
as independent factors in predicting severe features
of preeclampsia30. This endothelial disease affects
kidney function during pregnancy31. Though serum
creatinine level in preeclamptic patients in our study
was higher than normotensive, yet it was within the
normal level. Earlier studies suggested that renal
function in preeclamptic patients is significantly
impaired and highly correlated with systolic or
diastolic blood pressure3,32. One study suggested that
serum creatinine is independent risk factors for
hypertensive disorders of pregnancy33. Another study
suggested that there is a sizable association between
preeclampsia and ESRD34.
In the present study, significantly higher activities
of serum transaminases (AST and ALT) in the
preeclamptic patients than those of the normotensive
group were in agreement with other studies3,35,36.
Pregnancy-specific disorders are the leading cause of
abnormal liver function test during pregnant state,
particularly in the third trimester37.
Preeclampsia has a great implication on the adverse
neonatal outcome. Appearance, pulse, grimace, activity,
respiration (APGAR) score is one of the indicators of
physiologic maturity of the infant. Preeclampsia has a
great implication on adverse neonatal outcome38. Our
study revealed for the first time that the APGAR score
was negatively correlated with the blood pressure,
while positively correlated with gestational age and
gestational age at birth.
Usually, placentation involves apoptosis of
trophoblast cells. During this process, fetal DNA is
released into maternal circulation through the fetoplacental barrier. Constituting about 10% of cell-free
(cf) DNA, cff DNA can be detected as early as
5 weeks of gestation and cleared rapidly from maternal
circulation within 2 h after deliver1. Hence, results are
not affected by previous pregnancy complications39.
Both in-house and kit based methods receiver
operating characteristic (ROC) curve analysis of
cff DNA content was done to identify cutoff for

preeclampsia. Though it offers potential marker for
prenatal diagnosis for various genetic conditions, such
as achondroplasia, autosomal recessive disorders,
fetal thalassemia, aneuploidy, RhD genotyping1; yet
it has been shown that total cell free fetal DNA
increased significantly among women with PE in our
study by both in house and kit based methods. It has
also been observed that elevated total cell-free DNA
and cff DNA were also significantly higher among
women with preterm labor and adverse fetal outcome
groups compared with the term and favourable outcome
groups40. In a study woman with preeclampsia and
normotensive control with pregnancy between 28 and
32 gestational weeks, it has been shown that cell-free
fetal DNA concentrations were higher in early
preeclamptic women than control subjects41. In a
meta-analysis of 13 studies, in 11 studies, elevated cff
DNA was observed in preeclampsia, while in two
studies no significant association was observed42. The
correlation analysis in our study showed that cff DNA
was positively correlated with blood pressure; whereas
negatively correlated with platelet count further
indicated that higher cff DNA may predict the adverse
fetal outcome.
Conclusion
Our study demonstrated that APGAR score, which
is one of the indicators of physiologic maturity of the
infant is severely affected by the causative factors of
preeclampsia and cell-free fetal DNA quantification
may be a promising marker for preeclampsia prediction.
However, it is necessary to use well-defined population
to ascertain the efficacy of cff DNA quantification in
different degree of preeclamptic patients. Isolation of
cff DNA by phenol-chloroform-isopropanol and NaI
are alternative low-cost methods without utilizing any
commercial kit.
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