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Abstract

Objectives: This study aimed to evaluate the association between cell-free fetal DNA (cffDNA) levels in the first and second trimesters
and adverse pregnancy outcomes.

Materials and Methods: This was a retrospective cohort study including all women who had cffDNA measurement as a primary or
secondary screening test for chromosomal abnormalities in a screening laboratory in Iran.

Results: Totally, 481 out of 634 pregnant women (75.9%) did not develop any pregnancy complications. On the other hand, 55
pregnancies (8.7%) led to preterm delivery. Based on the results, 33 pregnant women (5.2%) gave birth to intrauterine growth
restriction (IUGR) babies and 16 pregnant women (2.52%) developed preeclampsia (PE). Moreover, 15 women developed gestational
diabetes. Further, 11 pregnancies resulted in abortion and 6 pregnancies led to fetal death. There was a positive association between
the duration of pregnancies and the weight of the babies at birth (r=0.362, P=0.000). There was a statistically significant association
between the increase in cffDNA level and trisomy (P=0.000) and the decrease in cffDNA level and the incidence of PE (P=0.019).
Conclusions: The reduction of plasma cffDNA level in pregnancies led to PE and the elevation of cffDNA results in fetal trisomy.
However, further studies will be required to confirm these findings.
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Introduction

In 1997, fetal DNA was found in the maternal circulation
by the quantification of the male SRY gene in pregnant
women (1). It resulted in the development of a new non-
invasive prenatal test (NIPT), which was employed to
identify abnormalities in the chromosome of fetuses using
blood samples of the mother. Accordingly, concentration
of cell-free fetal DNA (cffDNA) in the blood of the
mother is determined to identify complications related to
pregnancy, even in cases with the earlyloss of pregnancy (2,
3), preeclampsia (PE) (4), intrauterine growth restriction
(IUGR) (5), and preterm infants (6).

As a novel field of research, studies on the association
between cffDNA and pathogenesis of pregnancy-
related outcomes are on the rise. Using blood samples of
mothers, nearly 99% of trisomies during pregnancy can
be identified, with a false-positive rate of below 1% (7%-
9%) (7-9). Consequently, this methodology is much better
than currently available methods that are currently used
(10). Recently, it has been reported that the cffDNA level
increases, as a marker for in-time diagnosis of disorders
during pregnancy (e.g., PE, IUGR, preterm infant,
placental Previa, etc).

However, conflicting evidence shows that cffDNA
level may increase within the early stages of pathological

changes and may later reduce with the progression of the
disease. Therefore, levels of cffDNA increase preceding
the onset of the clinical symptoms of pregnancy-related
complications (11,12).

This study aimed to assess the relationship between
maternal cffDNA during the first and second trimesters
and some common pregnancy-related complications,
such as PE, trisomy, gestational diabetes, abortion, fetal
death, preterm delivery, chronic diabetes, and I[UGR.

Material and Methods

Participants

This retrospective cohort observational study investigated
adverse pregnancy outcomes in pregnant women who
attended their routine first and second-trimester screening
at a laboratory, Tehran, Iran (2017-2018). It incorporated
the previous cffDNA test results of 634 pregnant women.
The current study was approved by the National Health
Service (NHS) Ethics Committee. Additionally, written
informed consent was obtained from all participants.

The inclusion criteria were being pregnant and the
availability of plasma samples taken at 11-17 weeks
of gestation. The plasma samples were taken the year
before this investigation, and the cffDNA test results
were recorded accordingly. Data concerning outcomes
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Key Messages

» Total and fetal cell-free DNA in plasma or serum is higher
in preeclamptic pregnancies than in normal pregnancies.

»  The cffDNA could be employed as a non-invasive screening
method to predict preeclampsia and trisomy.

of the pregnancy were obtained from these laboratory
records of participants. We also collected demographic
characteristics of women.

The screening criteria were as follows: gestational
diabetes, chronic diabetes, chronic hypertension, PE,
preterm delivery, abortion, fetal trisomy, stillbirth, and
IUGR. Moreover, confounding factors were considered,
which include pregnancy methods, body mass index
(BMI) of the mothers, smoking status, fetal gender, and
previous pregnancies.

Statistical Analysis

Datawereanalyzed using SPSSversion 26.0. The descriptive
data were reported as mean, standard deviation, variance,
and percentage. Quantitative comparison between the
groups was performed using a ¢ test. Mann-Whitney U
test was used to investigate the differences concerning
mean values of outcomes in each group.

Qualitative comparisons were performed using the chi-
square test for categorical variables. Besides, Pearson’s
correlation coefficient was used to determine the
relationship between cffDNA levels and pregnancy-related
complications. A P value lower than 0.05 was considered
statistically significant.

Discussion
The current research was a retrospective cohort study
of cffDNA test in pregnant women who referred for
pregnancy screenings (i.e., the first and second trimesters).
We investigated the relationship between cffDNA level
and some common pregnancy-related complications such
as PE, fetal trisomy, gestational diabetes, chronic diabetes,
abortion, stillbirth, preterm delivery, and IUGR.
According to the results, there was a negative

Table 1. Demographic Information of the Participants (n = 634)

association between BMI of the mothers and cffDNA
levels, and a positive association between the increase in
the weeks of pregnancy and the birthweight. However,
there was no relationship between the duration of the
pregnancies and the birthweight and between the change
in cffDNA levels and the mother’s chronic diseases, such
as hypertension and gestational diabetes. Besides, no
statistically significant associations were found between
the baby’s gender and the emergence of any pregnancy
complications, and smoking and the changes in cffDNA
levels. Additionally, the change in the cffDNA level was
not related to the incidence of abortion. The number of
deliveries and abortions was not related to the number of
pregnancies. However, statistically significant associations
were found between the increase in cffDNA concentration
and incidence of trisomy and the decrease in cffDNA
concentration and the incidence of PE. Additionally,
there were no associations between changes in the
concentration of cffDNA and the incidence of fetal death,
preterm delivery, and IUGR.

Poon et al showed that the plasma levels of both
maternal and fetal cffDNA during the 11 to 13 weeks of
gestation were almost similar in mothers who suffered
from PE, IUGR, or spontaneous preterm labor and those
with normal pregnancy (13). Contrary to our results,
there are studies which found that PE is associated
with an increased level of cffDNA (4,14,15), which has
been attributed to the release of necrotic or apoptotic
syncytiotrophoblast fragments containing cffDNA into
the maternal circulation (16). Several other studies
reported that the level of cffDNA is often higher in PE
pregnancies than in pregnancies with no complication
(12,17,18). It is also established that the concentration of
total and fetal cell-free DNA in plasma or serum is higher
in PE pregnancies than in other pregnancies, particularly
in pregnancies complicated by severe PE (19, 20). It is
evident that in cases with early-onset PE, the increase
in cffDNA level is associated with disease onset and can
be diagnosed during the first trimester of pregnancy
(5,21,22). In cases with early-onset PE, the concentration
of cffDNA in the plasma of the mother starts to increase at

Table 2. Concentration of cffDNA (Mean + SD) in Women with Pregnancy
Outcomes (n=634)

Pregnancy Outcome N cffDNA
Total Complication P Value Normal n=481 11.81 +£3.97
Smoking 6 (0.9%) 1(16.7%) 0.83 Preeclampsia n=16 9.44 +2.15
Chronic hypertension 8 (1.3%) 3 (37.5%) 0.33 Trisomy n=11 17.36 £2.017
Diabetic 6 (0.9%) 0(0) 0.55 Gestational diabetes n=15 10.0 £3.20
Gender Chronic diabetes n=6 10.83 +2.78
Male 332 (52.4%) 32 (9.6%) 0.70 Abortion n=11 11.55 + 4.39
el 302 (47.6%) 29 (9.6%) Fetal death n=6 13.67 £10.59
Methods of pregnancy Preterm delivery n=55 11.64 +5.21
7 (94.29 49 .52
Spontaneous 597 (94.2%) 56 (9.4%) 0.5 IUGR n=33 11.76 + 3.70
IVF 24 (3.8%) 4 (16.7%) . . .
*P=0.03 and ** P=0.001: significantly different from the group with normal
Drug 13 (2.1%) 1.(7.7%)

delivery outcome.
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11 to 13 weeks of gestation, which in turn causes decreased
fetal fraction. Cases with late-onset PE have reduced fetal
size at 20 to 24 weeks of gestation. Characteristics of the
mother influence the concentration of cffDNA and fetal
size. However the multiples of the median are same in PE
and normotensive controls. As a result, it can be argued
that cffDNA and fetal fraction at 11-13 and 20-24 weeks
of gestation are not predictors of PE, according to a study
conducted by Rolnik (23). In a review article including
3 prospective cohorts, and 10 case-control studies, 11
(out of 13) studies reported higher fetal cffDNA levels
in pregnancies complicated by PE. Four studies which
evaluated pregnancies complicated by severe or early-onset
PE reported increased levels of fetal cffDNA before the
diagnosis of PE. Nevertheless, it was mentioned that they
could not adequately control confounding factors such as
BMI, smoking habits, and race. Additionally, the authors
reported no difference in the frequency and severity of PE
(18). Consistent with our study, a correlation was found
between lower cffDNA levels at 25 weeks and developing
PE. Based on what mentioned before, cffDNA level lower
than the 5th percentile and higher than the 90th percentile
at the 25th week of gestation are at increased risk of
PE. Moreover, the increased level of PAPP-A was not
associated with the increased detection rate of PE. When
dividing the levels of cffDNA into 20 equal percentile
groups, they reported that PE was associated with both
high cffDNA levels and low cffDNA levels. Therefore, low
levels of cffDNA are associated with PE (24). It has been
suggested that by using characteristics of mothers, arterial
pressure (mean), uterine artery pulsatility index, serum
levels of PAPP-A, and placental growth factor at 11 to 13
weeks of gestation, an effective program for PE screening
can be implemented (25).

Although we could not find a relationship between
cffDNA and PE, it is evident that in PE pregnancies the
plasma levels of cffDNA are increased, which indicates
the early breakdown of the placental barrier (26). A
review article in 2018 showed a significant relationship
between increased levels of cffDNA in the second and
third trimesters of gestation and preterm delivery.
Nevertheless, similar to our study, in 3 out of 10 studies
including 159 preterm deliveries from a total of 5729
pregnancies, there were no significant correlations (27).
In 2016, a retrospective cohort study was conducted on
single pregnancies who had cffDNA testing at 10-20
weeks of gestation and increased risk for aneuploidy. Out
of 1349 pregnancies that were eligible for inclusion, 119
(8.8%) were preterm before 37 weeks of pregnancy, and 49
cases (3.6%) had delivery before 34 weeks of pregnancy.
In addition, at 1 to 20 weeks of gestation, the elevated fetal
fraction was associated with an increased risk of preterm
birth, which was statistically significant (28). In line with
our study, Sekizawa et al reported that levels of fetal DNA
in TUGR pregnancies were not significantly different
from those in controls, although their study was limited

to 9 cases of IUGR and 20 controls (29). Later, a study
conducted in 2006 reported enhanced cffDNA levels in
tetuses with fetal growth restriction (30).

Parity, BMI, ethnicity, family history of hypertension,
and other factors affect the detection rate of cffDNA and
can consistently modify the development of cffDNA. Poon
et al (13) found an association between cffDNA and race,
smoking habits, and BMI. In the end, the detection rate
was greatly influenced by gestational age (31). Vora et al
investigated 16 and 14 obese and lean women, respectively,
and found an association between BMI and level of
cffDNA. This study had also 10 controls. These findings
indicate increased risk of stromal vascular apoptosis and
adipocyte necrosis in women with obesity (32).

Smoking during pregnancy can increase the levels of
cell-free DNA (33). Based on our investigation, the history
of smoking during pregnancy was not associated with the
level of cffDNA during the first trimester of pregnancy.

The present study had some potential limitations. For
instance, we lost 95 samples due to a lack of information.
Additionally, reasons for changes in cffDNA levels in
mothers with diabetes mellitus and gestational diabetes are
still vague and require more specific prospective studies.
Therefore, it is suggested that further prospective studies
be conducted to clarify cffDNA concentration changes in
PE based on gestational age in high-risk PE mothers.

Conclusions

cffDNA testing could be employed as a non-invasive
screening method to predict common pregnancy
complications such as PE and trisomy. A beneficial
consequence of such measurement is the early diagnosis of
PE. Hence, women who are at risk of these complications
should be screened during pregnancy and receive
appropriate interventions.

It is recommended that the association between family
marriages and cffDNA levels be investigated in future
investigations. Further studies are needed to establish the
real usefulness of cffDNA quantification in PE, either as a
diagnostic tool or prognostic marker.

Authors’ Contribution

SB and AT: Project development, manuscript writing; HK, AZ and AA:
Data collection; SM: Data analysis; AH: Project development, data
analysis, manuscript writing.

Conflict of Interests
The authors declare that they have no conflict of interest.

Ethical Issues

This study was approved by the Ethics Committee of Tehran University of
Medical Sciences as a residency thesis (97-05-10949) and was therefore
performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and all subsequent revisions.

Informed Consent
The participant’s written informed consent form was collected before
the study.

International Journal of Women’s Health and Reproduction Sciences, Vol. 11, No. 2, April 2023 |91



Borna et al

Financial Support
Not applicable.

Acknowledgments
This study was designed and conducted as a residency thesis and was
supported by Vali Asr Reproductive Health Research Center.

References

1.

10.

11.

12.

13.

14.

15.

Lo YM, Corbetta N, Chamberlain PF, et al. Presence of fetal DNA
in maternal plasma and serum. Lancet. 1997;350(9076):485-487.
doi:10.1016/50140-6736(97)02174-0

Grossman TB, Chasen ST. Abortion for fetal genetic abnormalities:
type of abnormality and gestational age at diagnosis. AJP Rep.
2020;10(1):e87-e92. doi:10.1055/5-0040-1705173

Lim JH, Kim MH, Han Y], et al. Cell-free fetal DNA and cell-free
total DNA levels in spontaneous abortion with fetal chromosomal
aneuploidy. PLoS One. 2013;8(2):e56787. doi:10.1371/journal.
pone.0056787

Kumar N, Singh AK. Cell-free fetal DNA: a novel biomarker for early
prediction of pre-eclampsia and other obstetric complications. Curr
Hypertens Rev. 2019;15(1):57-63. doi:10.2174/157340211466618
0516131832

Kwak DW, Kim SY, Kim H]J, Lim JH, Kim YH, Ryu HM. Maternal total
cell-free DNA in preeclampsia with and without intrauterine growth
restriction. Sci Rep. 2020;10(1):11848. doi:10.1038/s41598-020-
68842-1

Gomez-Lopez N, Romero R, Schwenkel G, et al. Cell-free fetal DNA
increases prior to labor at term and in a subset of preterm births.
Reprod Sci. 2020;27(1):218-232. doi:10.1007/s43032-019-00023-
6

Suciu I, Galeva S, Abdel Azim S, Pop L, Toader O. First-trimester
screening-biomarkers and cell-free DNA. ] Matern Fetal Neonatal
Med. 2019:1-7. doi:10.1080/14767058.2019.169803 1

Ashoor G, Syngelaki A, Wagner M, Birdir C, Nicolaides KH.
Chromosome-selective sequencing of maternal plasma cell-free
DNA for first-trimester detection of trisomy 21 and trisomy 18.
Am ] Obstet Gynecol. 2012;206(4):322.e1-5. doi:10.1016/j.
aj0g.2012.01.029

Norton ME, Brar H, Weiss J, et al. Non-Invasive Chromosomal
Evaluation (NICE) Study: results of a multicenter prospective cohort
study for detection of fetal trisomy 21 and trisomy 18. Am J Obstet
Gynecol. 2012;207(2):137.e1-8. doi:10.1016/j.ajog.2012.05.021
Carrara J, Vivanti A, Jani JC, Demain A, Costa JM, Benachi A.
Usefulness and reliability of cell free fetal DNA screening for main
trisomies in case of atypical profile on first trimester maternal serum
screening. J Transl Med. 2019;17(1):398. doi:10.1186/512967-019-
02152-7

Qasim D, Al-Omary HL, Ahmed SJ. Cell free DNA in maternal blood
as an indicator of fetal complications. Indian J Public Health Res Dev.
2020;11(2):1110-1115. doi:10.37506/v11/i2/2020/ijphrd/194968
Sifakis S, Koukou Z, Spandidos DA. Cell-free fetal DNA and
pregnancy-related complications (review). Mol Med Rep.
2015;11(4):2367-2372. doi:10.3892/mmr.2014.3118

Poon LC, Musci T, Song K, Syngelaki A, Nicolaides KH. Maternal
plasma cell-free fetal and maternal DNA at 11-13 weeks’ gestation:
relation to fetal and maternal characteristics and pregnancy outcomes.
Fetal Diagn Ther. 2013;33(4):215-223. doi:10.1159/000346806
Ozeki A, Tani K, Takahashi H, et al. Preeclamptic patient-derived
circulating cell-free DNA activates the production of inflammatory
cytokines via toll-like receptor 9 signalling in the human
placenta. J Hypertens. 2019;37(12):2452-2460. doi:10.1097/
hjh.0000000000002208

Bender WR, Koelper NC, Sammel MD, Dugoff L. Association of fetal
fraction of cell-free DNA and hypertensive disorders of pregnancy.
Am ] Perinatol. 2019;36(3):311-316. doi:10.1055/5-0038-1667374

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Levine RJ, Qian C, Leshane ES, et al. Two-stage elevation of cell-free
fetal DNA in maternal sera before onset of preeclampsia. Am J Obstet
Gynecol. 2004;190(3):707-713. doi:10.1016/j.2j0og.2003.12.019
Hahn S, Rusterholz C, Hosli I, Lapaire O. Cell-free nucleic
acids as potential markers for preeclampsia. Placenta. 2011;32
Suppl:S17-20. doi:10.1016/j.placenta.2010.06.018

Martin A, Krishna I, Badell M, Samuel A. Can the quantity of cell-
free fetal DNA predict preeclampsia: a systematic review. Prenat
Diagn. 2014;34(7):685-691. doi:10.1002/pd.4416

Alberry MS, Maddocks DG, Hadi MA, et al. Quantification of cell
free fetal DNA in maternal plasma in normal pregnancies and in
pregnancies with placental dysfunction. Am J Obstet Gynecol.
2009;200(1):98.e1-6. doi:10.1016/j.ajog.2008.07.063

Miranda ML, Macher HC, Mufoz-Herndndez R, et al. Role of
circulating cell-free DNA levels in patients with severe preeclampsia
and HELLP syndrome. Am J Hypertens. 2013;26(12):1377-1380.
doi:10.1093/ajh/hpt187

Crowley A, Martin C, Fitzpatrick P, et al. Free fetal DNA is not
increased before 20 weeks in intrauterine growth restriction or
pre-eclampsia. Prenat Diagn. 2007;27(2):174-179. doi:10.1002/
pd.1645

Sifakis S, Zaravinos A, Maiz N, Spandidos DA, Nicolaides KH. First-
trimester maternal plasma cell-free fetal DNA and preeclampsia.
Am ] Obstet Gynecol. 2009;201(5):472.e1-7. doi:10.1016/j.
aj0g.2009.05.025

Rolnik DL, O’Gorman N, Fiolna M, van den Boom D, Nicolaides
KH, Poon LC. Maternal plasma cell-free DNA in the prediction of
pre-eclampsia. Ultrasound Obstet Gynecol. 2015;45(1):106-111.
doi:10.1002/uo0g.14671

Jakobsen TR, Clausen FB, Rode L, Dziegiel MH, Tabor A. Identifying
mild and severe preeclampsia in asymptomatic pregnant women by
levels of cell-free fetal DNA. Transfusion. 2013;53(9):1956-1964.
doi:10.1111/trf.12073

Hanchard TJ, de Vries BS, Quinton AE, Sinosich M, Hyett JA.
Ultrasound features prior to 11weeks’ gestation and first-trimester
maternal factors in prediction of hypertensive disorders of pregnancy.
Ultrasound Obstet Gynecol. 2020;55(5):629-636. doi:10.1002/
u0g.21962

Guo FF, Yang JX, Huang YL, et al. Association between fetal fraction
at the second trimester and subsequent spontaneous preterm birth.
Prenat Diagn. 2019;39(13):1191-1197. doi:10.1002/pd.5566

van Boeckel SR, Davidson DJ, Norman JE, Stock SJ. Cell-
free fetal DNA and spontaneous preterm birth. Reproduction.
2018;155(3):R137-R145. doi:10.1530/rep-17-0619

Dugoff L, Barberio A, Whittaker PG, Schwartz N, Sehdev H, Bastek
JA. Cell-free DNA fetal fraction and preterm birth. Am ] Obstet
Gynecol. 2016;215(2):231.e1-7. doi:10.1016/j.ajog.2016.02.009
Sekizawa A, Jimbo M, Saito H, et al. Cell-free fetal DNA in the
plasma of pregnant women with severe fetal growth restriction. Am
) Obstet Gynecol. 2003;188(2):480-484. doi:10.1067/mob.2003.27
Smid M, Galbiati S, Lojacono A, et al. Correlation of fetal DNA levels
in maternal plasma with Doppler status in pathological pregnancies.
Prenat Diagn. 2006;26(9):785-790. doi:10.1002/pd.1504

Contro E, Bernabini D, Farina A. Cell-free fetal DNA for the prediction
of pre-eclampsia at the first and second trimesters: a systematic
review and meta-analysis. Mol Diagn Ther. 2017;21(2):125-135.
doi:10.1007/s40291-016-0245-9

Vora NL, Johnson KL, Basu S, Catalano PM, Hauguel-De Mouzon
S, Bianchi DW. A multifactorial relationship exists between total
circulating cell-free DNA levels and maternal BMI. Prenat Diagn.
2012;32(9):912-914. doi:10.1002/pd.3919

Urato AC, Peter |, Canick J, et al. Smoking in pregnancy is associated
with increased total maternal serum cell-free DNA levels. Prenat
Diagn. 2008;28(3):186-190. doi:10.1002/pd.1950

© 2023 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

92

| International Journal of Women's Health and Reproduction Sciences, Vol. 11, No. 2, April 2023



