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Abstract
Background: Screening is done by examining the Fetal Fraction 
(FF) in cell-free DNA to find fetal aneuploidy. In this study, the 
relationship between FF obtained in weeks 10–20 of pregnancy and 
adverse pregnancy outcomes, as well as demographic variables of 
mothers were investigated. 
Methods: This study included pregnant women (n=685) referred to 
perinatology clinics in West Azerbaijan from April 2018 to March 2021 
who underwent cell-free DNA (cfDNA) screening in weeks 10 to 22 of 
pregnancy. The demographic variables of the mothers were extracted 
and recorded at the time of sample collection and the pregnancy 
outcomes at the time of delivery from their records. 
Results: Two patients had cervical insufficiency, 10 participants had 
preterm Premature Rupture of Membranes (PPROM), and the frequency 
of NICU Hospitalization was 0.9% (6 person). The distribution 
estimates FF less than the 25th percentile as less than normal, with 197 
(29.5%) individuals having FF less than 4.36. Body Mass Index (BMI) 
had an opposite relationship with FF (p-value=0.001 and B=0.296). 
Only the prevalence of Gestational Diabetes Mellitus (GDM) patients 
was different between the two groups (p=0.032). The area under the 
diagram was significant for the outcomes of preterm delivery (0.503), 
pregnancy-related high blood pressure (0.599), and GDM (0.609, 
according to the ROC diagram). 
Conclusion: Based on the present study, FF assessment at 10–20 
weeks of pregnancy can predict the possibility of gestational diabetes, 
pregnancy-induced blood pressure, and premature delivery during 
pregnancy to a weak to moderate extent.
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Introduction
Prenatal screening for trisomy 21 (Down syndrome), 
trisomy 18 (Edwards syndrome), trisomy 13 (Patau 
syndrome), and some sex chromosomal aneuploidies 
can be done using the new generation of cell-free DNA 
sequencing methods in the maternal bloodstream 
screening (1). Cell-free DNA originates from the 
mother, the fetus, or both and is removed from the 
mother’s blood shortly after birth. In cases where 
sampling is done correctly, screening with cell-free 
DNA (cfDNA) can detect at least 99% of trisomy 21 
pregnancies (2,3). However, due to scattered false 
positives and negatives, individuals with positive 
results should be justified for invasive investigations, 
including amniocentesis or chorionic villus sampling 
(4). It should be kept in mind that the gold diagnostic 
standard of fetal aneuploidy disorders is microarray 
analysis or karyotyping of samples obtained through 
amniocentesis or chorionic villus sampling (5).
Despite the passage of over 70 years since the 
discovery of cfDNA, its origin and release mechanism 
remain largely unknown. However, in this case, 
various theories have emerged. The most prominent 
of these theories suggests that in healthy individuals, 
cfDNA enters the peripheral circulation as a result of 
the apoptosis of normal hematopoietic cells and other 
nucleated cells (6). This issue can justify the length of 
this genetic material, its short half-life, and its’ very 
low levels in healthy people. cfDNA is mainly the 
result of pathological processes, such as the collapse 
of tumoral cells and autoimmune processes. However, 
in 1997, Lo et al discovered fetal DNA sequences in 
the serum and plasma of pregnant mothers and named 
them cell-free fetal DNA (cffDNA). Early on after 
its discovery, researchers released cffDNA from the 
fetus’s placental tissue and used it as a non-invasive 
method for sex determination (6,7). Studies published 
in 2008 established the clear role of cffDNA in 
screening for common aneuploidy diseases, leading 
to the acceptance of cffDNA evaluation for trisomy 
21 screening as a non-invasive, nearly safe, and high-
accuracy method (8). Various tests, designed and 
introduced in the following years, evaluated cffDNA 
to screen for chromosomal disorders, sex-linked 
diseases, and monogenic diseases. The collection of 
these screenings is called Non-Invasive Prenatal Tests 
(NIPT) (8). At the bedside, the circulating fetal cfDNA 

concentration in the mother’s peripheral circulation is 
known as the Fetal Fraction (FF) and is a fundamental 
and accurate variable for determining fetal trisomy 
(9). The minimum FF required to obtain a reliable 
NIPT response is approximately 4%. It should be 
noted that FF less than 4% can lead to false negative 
results due to the low concentration of cffDNA in 
maternal plasma (10). Low FF can have different 
reasons, such as low gestational age, improper 
sampling, maternal overweight, fetal karyotype, and 
other issues that can lead to low FF, including the use 
of low molecular weight heparin before the 20th week 
of pregnancy, pregnancy with in vitro fertilization, 
and multiple pregnancies (11-16). Other suggested 
uses for cffDNA include determining genetic 
disorders and fetal sex. Since cffDNA originates from 
the placenta, a low FF may indicate a lower placental 
volume or impaired placental function. Researchers 
have conducted several mostly small-scale studies 
to investigate the relationship between low FF and 
adverse pregnancy outcomes, such as gestational 
hypertension, pre-eclampsia, intrauterine growth 
restriction, preterm delivery, gestational diabetes, and 
invasive placentation (16-18). These studies, which 
are mostly scattered and old, report an increased risk 
of adverse pregnancy outcomes for pregnant women 
with low FF.
Determining the FF test’s effectiveness and limitations 
in predicting adverse pregnancy outcomes can help 
make this method more comprehensive as a primary 
screening (19-23). To date, no study has examined the 
correlation between the FF in the cell-free DNA test 
and adverse pregnancy outcomes such as premature 
birth, baby birth weight, mother’s pregnancy-related 
blood pressure, and gestational diabetes at the national 
level, particularly in the North West. Therefore, in this 
study, the correlation between FF and unfavorable 
pregnancy outcomes was examined among pregnant 
mothers referred to the Mendel Genetics Center in 
Urmia from April 2018 to March 2021.

Materials and Methods
This study was a retrospective cohort in which all 
pregnant women who underwent FF tests between 
April 2018 and March 2021 at the age of 10–20 
weeks and were referred to the perinatology clinics of 
Shahid Motahari Hospital in Urmia were investigated. 
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Pregnant mothers with underlying diseases such as 
high blood pressure, autoimmune or rheumatological 
diseases, diseases related to liver and kidney 
dysfunction, rheumatological and metabolic diseases 
including overt diabetes, dyslipidemia, history 
of cancer, the history of organ transplant, recent 
blood receipt, chemotherapy, multiple pregnancies, 
positive cfDNA test results, no cell, and reports of 
disturbances in other pregnancy screenings were 
excluded from the study. All the mothers signed a 
consent form when they visited the clinic to allow the 
use of demographic and clinical data in current and 
future studies. Once the code of ethics was obtained, 
the data was extracted from the patients’ medical 
records and inputted into the appropriate software for 
processing. After presenting the descriptive statistics, 
analytical statistics and investigating the relationship 
between FF, adverse pregnancy outcomes (premature 
birth, high or low birth weight, gestational diabetes, 
pregnancy-related hypertension, and pre-eclampsia) 
were evaluated.

Sample size
G*power software was used to determine the 
required sample size, primarily by comparing the 
frequency between groups. Based on this, from the 
menu of the family of tests, choose Chi-square, and 
from the statistical test menu, choose Goodness of fit 
tests; contingency Tables; and from the type of power 
analysis menu, select the option A priori: compute 
sample size given power, alpha, and effect size, 
and based on this, the values of 0.05 for alpha, 0.95 
for power, and 0.3 for effect size are defined as the 
sample size of 685 people being considered sufficient 
to fulfill the objectives of this study.

Data collection 
Since the data was extracted from the patients’ medical 
records in this study, validity and reliability have no 
special status. However, expert and experienced forces 
performed screening tests and other investigations in 
a unique and reliable medical and laboratory center, 
adhering to national guidelines, using updated and 
calibrated devices, and ensuring the necessary 
documentation and observations for measurements. 
All the patients underwent laboratory tests using the 
same cell-free DNA method in an identical hospital 

laboratory ward. The researcher prepared a checklist 
for data collection.

Data analysis
To process the data, SPSS software version 23 for 
Windows was used. GraphPad Prism and Microsoft 
Excel software version 2016 for the same operating 
system were utilized to draw the Figures and Graphs. 
In the quantitative data, descriptive analysis was 
expressed as mean and standard deviation, whereas 
qualitative data was expressed as percentage 
and frequency. The Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used to check the uniform 
distribution of the data. An independent samples 
t-test was used to compare quantitative data, and a chi-
squared test was utilized to compare the qualitative 
and frequency data. The significance level was 
defined as a p-value <0.05. The descriptive statistics 
section presented the data according to international 
standards. The analytical statistics section divided the 
data into percentiles to define the upper and lower 
limits of the normal range in the studied population. 
Following this stage, the Receiver Operating 
Characteristic (ROC) curve independently identifies 
the lower and upper limits of the normal range of FF 
for each variable, and univariate regression analysis 
assesses the relationship between the lower and higher 
levels of the normal FF of the studied community and 
each of the adverse pregnancy outcomes. First, the 
effect of each variable on FF was investigated through 
univariate linear regression, then the variables with a 
p>0.2 were entered into the multivariate regression 
model to investigate the mutual effect. 

Ethical considerations
During the visit, all the clients of the perinatology 
clinics at Shahid Motahari Hospital signed the consent 
form to allow the use of medical and demographic 
information for current and future studies. In 
addition, the data related to the patients was coded 
and only available to the research team. Carrying out 
the project required obtaining a code of ethics from 
the ethics committee of Urmia University of Medical 
Sciences (IR.UMSU.REC.1400.360). This plan was 
implemented while adhering to the guidelines of the 
Declaration of Helsinki.

Vazifekhah Sh, et al
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Results
This descriptive and analytical study examined all 
pregnant women in Urmia City who underwent FF 
examinations from April 2018 to March 2021. The 
study included a total of 685 females. In the study 
population, the average age of the patients was 33.91 
years. On average, the gestational age at the time of 
delivery was 38.11 weeks. Maternal pregnancy Body 
Mass Index (BMI) and maternal BMI before delivery 
were 23.63±1.2 and 27.21±1.4, respectively. In the 
present population, the frequency of preterm delivery, 
gestational diabetes, pre-eclampsia, and pregnancy-
related blood pressure were 3.6, 1.5, 0.3, and 9%, 
respectively (Table 1). Other outcomes are presented 
in table 1.
From the point of view of the baby’s weight, the 
frequency of babies with low birth weight (less 
than 2500 gr), normal (between 2500 and 4000 gr), 
and high birth weight (more than 4000 gr) is equal 
to 7.3% (49 people), 4.4 80% (536 people), and 
12.3% (82 people). To investigate the relationship 
between the FF and each of the adverse outcomes of 
pregnancy, FF less than the percentile, between 
the 25-75th percentile, and more than the 75th 
percentile were defined as low, normal, and high FF, 
respectively (Table 2 and Figure 1). Figure 2 presents 
the distribution of FF in the study population.
The mother’s BMI showed the only significant 
difference in the one-way ANOVA test, which aimed 
to compare the mother’s BMI and the neonate’s birth 
weight with FF. Linear logistic regression was used 
to determine this relationship, and it was found that a 

Table 1. Frequency of the adverse pregnancy outcomes

Percentage NumberAdverse pregnancy 
outcome

3.6%24Premature birth

1.5%10Gestational diabetes

0.3%2Pre-eclampsia

9%60Pregnancy-related 
hypertension

0.3%2Cervical insufficiency

1.5%10Preterm premature rupture of 
membranes (PPROM)

0.9%6Neonatal intensive care unit 
(NICU) hospitalization

Table 2. Division of the Fetal Fraction (FF) based on low, 
normal, and high percentiles

Number 
(percentage)Interval (%FF)Fetal fraction 

status

197(29.5%)0-24% (≤4.36)Down

293(43.9%)25-75% (4.37-10.25)Normal

177(23.5%)76-100% (>10.26)High

Figure 1. Distribution of different groups according to 
quartiles.

Figure 2. A box diagram of FF distribution in the studied 
community.

Fetal DNA Fraction in cell-free DNA Test
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higher BMI is associated with a lower FF (p=0.026) 
(Table 3). Pearson’s correlation coefficient test was 
used to determine the relationship between mother’s 
age and FF, and no significant relationship was found 
between these two variables. The Fisher’s exact 
test was performed to compare adverse pregnancy 
outcomes with FF. This study revealed that the only 
difference between the two groups was the frequency 
of Gestational Diabetes Mellitus (GDM) (p=0.032). 
Similarly, the difference in the prevalence of high 
blood pressure during pregnancy between the two 
groups is borderline significant (p=0.043).
To investigate the performance of FF in predicting 
adverse pregnancy outcomes, the ROC curve was 
drawn. Table 4 and tables 3-5 mention the area 
under the graph for each variable. According to the 
area under the graph, FF taken at 10–20 weeks of 
pregnancy can be used to diagnose pregnancy-related 
hypertension (AUC=0.599) and GDM (AUC=0.609). 
From a statistical perspective, this relationship is on 
the verge of being moderate in terms of predictive 
power. Preterm delivery showed a significant area 
under the ROC FF chart at 10–20 weeks of pregnancy 
(AUC=0.503), indicating a weak and minimal 
statistical relationship. Other adverse pregnancy 
outcomes did not exhibit this relationship. In terms of 
the baby’s birth weight, ROC analysis demonstrates a 
weak correlation between higher FF and lower birth 
weight (AUC=0.461).
To investigate the relationship between adverse 
pregnancy outcomes and demographic characteristics 
with FF, variables were added separately to the 
binary logistic regression model. Then, to obtain the 

Table 3. The relationship between adverse pregnancy outcomes and demographic characteristics

p-value

Multivariate logistic regression 
analysis

Univariate logistic 
regression analysisVariables

Confidence interval 95% ORInterval OR

0.0320.072-0.988-1.325-0.059-1.547GDM

0.0430.327-1.056-0.523-0.356-0.466Pregnancy-related hypertension

0.0260.863-0.940-0.104-0.8620.001Mother’s BMI

-----1.11-1.269Premature birth

----0Neonate weight at birth

Table 4. Area under the graph for each adverse pregnancy 
outcome

AUCVariable

0.599HTN

0.609GDM

0.018Pre-eclampsia

0.503PTL

AUCVariable

0.599HTN

0.609GDM

0.018Pre-eclampsia

0.503PTL

adjusted model, the variables that had a significance 
level of less than 0.2 in the first model were entered 
into multiple regression analysis. Of these, GDM, 
pregnancy-related blood pressure, the mother’s BMI, 
and preterm delivery were included in the multivariate 
regression analysis. Except for the mother’s BMI at 
the time of sampling, none of the mentioned items had 
a significant relationship with FF in the multivariate 
analysis. Considering all the possible variables 
investigated in this study, the increase in the mother’s 
weight is significantly associated with a decrease in 
FF (Table 3).

Discussion
Unfavorable pregnancy outcomes are one of the 
crucial challenges for healthcare systems around 

Vazifekhah Sh, et al
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the world. The ability to predict such consequences 
is invaluable, and due to the multitude of cases and 
possible variables involved in their occurrence, non-
invasive, accessible, and cheap screening methods 
are very important. Despite previous identification 
of a strong relationship between some of these 
variables and adverse pregnancy outcomes, the lack 
of appropriate screening methods poses a challenge 
in identifying and monitoring patients at increased 
risk for these complications until symptoms manifest 
(24). Additionally, this leads to the inefficient use 
of financial and human resources within health 

and treatment systems. The incidence of adverse 
pregnancy outcomes in developed societies is 
significantly lower than in developing societies, with 
most studies on the burden of such cases conducted in 
these countries (25-27).
Examining the FF is one of the proposed non-invasive 
methods to assess the risk of adverse pregnancy 
outcomes. Researchers have conducted several 
studies to date on the effectiveness of examining 
the FF as a screening method to predict the risk of 
adverse pregnancy outcomes. However, the obtained 
results are not consistent with each other, and the 
debate on the effectiveness of this method is still 
ongoing (28,29). Therefore, in the present study, 685 
pregnant women who underwent NIPT in weeks 10 
to 20 of pregnancy were examined. The average age 
of women participating in the study was 33.91 years, 
and the average gestational age at delivery was 38.11 
weeks. The frequency of preterm delivery, gestational 
diabetes, pre-eclampsia, and pregnancy-related blood 
pressure were 3.6, 1.5, 0.3, and 9%, respectively. The 
present study observed only the relationship between 
the mother’s BMI at the time of sampling and FF, 
showing a significant decrease in FF with an increase 
in BMI.
Yuan et al conducted a study on 2191 women with 
singleton pregnancies, observing that FF lower than 
the 5th percentile increased the probability of having a 
baby with a lower birth weight, and FF lower than the 

Fetal DNA Fraction in cell-free DNA Test

Figure 3. ROC diagram for pre-eclampsia.

Figure 4. ROC diagram for HTN.

Figure 5. ROC diagram for PTL.
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10th percentile increased the probability of preterm 
birth, associated with 34 weeks of pregnancy, which 
is not consistent with the findings of the current 
study. This could be due to the larger study volume 
and the increase in identified cases for each of the 
defined adverse outcomes. On the other hand, similar 
to what is observed in the present study, there was no 
significant relationship between FF and gestational 
diabetes and blood pressure caused by pregnancy 
(30). Jiang et al’s study, which involved 3534 
pregnant mothers, found no significant correlation 
between FF and premature birth, low birth weight, 
or gestational diabetes. However, in this study, 

the association between pregnancy-related blood 
pressure and lower FF was significant. However, the 
current study found that FF could predict GDM, and 
with less power, blood pressure due to pregnancy 
and preterm delivery, based on univariate analysis 
and AUC (31). The discrepancy between Jiang’s 
study and the present study may stem from the first 
study’s higher FF cut-off of 15.15%, which differs 
from this study’s defined cut-offs of 4% and the 25th 
percentile (4.37%). Also, similar to Yuan et al’s study, 
the sample size examined in this study is significantly 
larger than the current study.
Suzumori’s study investigated the FF’s predictive 
ability for pregnancy-related hypertension diseases. 
This study examined 5582 pregnant women who had 
a negative NIPT test. According to the observations, 
women with hypertension-related pregnancy 
diseases had a lower FF than other women. In this 
study, the area under the graph was equal to 0.608, 
which indicates the weak predictive ability of this 
variable for this outcome (31). In the current study, 
the area under the graph was equal to 0.599, which 
is similar to the findings of Suzumori et al, which 
indicates the predictive ability of the average FF to 
predict pregnancy-related blood pressure. The main 
difference between these two studies is the healthiness 
of the pregnant women examined by Suzumori et al 
examined the health of pregnant women. In addition, 
the number of patients examined in the first study is 
significantly higher than other studies conducted in 
this field.
In a prospective study conducted by Kikhaei et al in 
Zabul, 450 pregnant women underwent NIPT between 
11 and 16 weeks of gestation (28). The average FF in 
this study was 8.3%, which is similar to the present 
study (7.29%). The frequency of low, normal, and 
high FF was 17.3, 73.2, and 9.5%, respectively, which 
has a different distribution compared to this study. 
According to their findings, the high FF, despite its 
high specificity, lacks sufficient positive predictive 
value. In the current study, based on AUC calculations, 
the FF demonstrated a moderate predictive ability for 
GDM and a weak predictive ability for gestational 
hypertension and preterm delivery. Contrary to the 
majority of studies conducted in this field, in a study 
of 77 pregnant women, Bennett et al reported that a 
FF lower than the 10th percentile is associated with 

Vazifekhah Sh, et al

Figure 6. ROC diagram for GDM.

Figure 7. ROC diagram for low birth weight fetus (<2500 gr).
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an increased risk for lower birth weight, gestational 
diabetes, and hospitalization in the ICU. Similar to 
Kikhaei et al’s study, the FF has a very low sensitivity 
(14.9%) but a high specificity (32).

Conclusion
Even though the present study found no significant 
relationship between the FF and any of the mothers’ 
demographic variables or adverse pregnancy 
outcomes, conducting studies with a more consistent 
methodology can help better clarify the issue.

Suggestions
Conducting multi-center studies, sampling during 
different weeks of pregnancy, and following up with 
patients in the form of a prospective study with a 
much larger sample size are suggested for subsequent 
studies.

The study’s problems and limitations
One of the problems and limitations of the project 

is the limited number of patients studied. Although 
there was adequate ethnic and geographic coverage 
due to the spread of medical centers, conducting 
larger studies can be associated with an increase 
in the number of observations (adverse pregnancy 
outcomes) and an increase in the study’s power.

Acknowledgement
We want to express our gratitude to the Vice Chancellor 
for Research and Technology of Urmia University of 
Medical Sciences for their financial support of the 
research and to the colleagues of Kosar Women’s General 
Hospital of Urmia University of Medical Sciences and 
all the patients of this study.

Conflict of Interest
Authors declare no conflict of interest.

References
1. Lo YD, Corbetta N, Chamberlain PF, Rai V, Sargent IL, Redman CW, et al. Presence of fetal DNA in maternal 
plasma and serum. Lancet 1997;350(9076):485-7.

2. Chiu RW, Chan KA, Gao Y, Lau VY, Zheng W, Leung TY, et al. Noninvasive prenatal diagnosis of fetal chromosomal 
aneuploidy by massively parallel genomic sequencing of DNA in maternal plasma. Proc Natl Acad Sci USA 
2008;105(51):20458-63.

3. Palomaki GE, Kloza EM, Lambert-Messerlian GM, Haddow JE, Neveux LM, Ehrich M, et al. DNA sequencing of 
maternal plasma to detect Down syndrome: an international clinical validation study. Genet Med 2011;13(11):913-20. 

4. Hui L, Bianchi DW. Fetal fraction and noninvasive prenatal testing: what clinicians need to know. Prenat Diagn 
2020;40(2):155-63.

5. Hixson L, Goel S, Schuber P, Faltas V, Lee J, Narayakkadan A, et al. An overview on prenatal screening for 
chromosomal aberrations. J Lab Autom 2015;20(5):562-73.

6. Masuzaki H, Miura K, Yoshiura K, Yoshimura S, Niikawa N, Ishimaru T. Detection of cell free placental DNA in 
maternal plasma: direct evidence from three cases of confined placental mosaicism. J Med Genet 2004;41(4)289-92. 

7. Faas BHW, de Ligt J, Janssen I, Eggink AJ, Wijnberger LDE, van Vugt JMG, et al. Non-invasive prenatal diagnosis 
of fetal aneuploidies using massively parallel sequencing-by-ligation and evidence that cell-free fetal DNA in the 
maternal plasma originates from cytotrophoblastic cells. Expert Opin Biol Ther 2012;12(1):19-26.

8. Dyr B, Boomer T, Almasri EA, Wardrop JL, Rafalko J, Chibuk J, et al. A new era in aneuploidy screening: cfDNA 
testing in >30000 multifetal gestations: experience at one clinical laboratory. PLoS One 2019;14(8):1-14.

9. Ashoor G, Syngelaki A, Poon L, Rezende J, Nicolaides K. Fetal fraction in maternal plasma cell-free DNA at 11-13 



501501501Volume 8  Number 3  Summer 2025

Vazifekhah Sh, et al

weeks’ gestation: relation to maternal and fetal characteristics. Ultra Obstet Gynecol 2013;41(1)L26-32.

10. Becking EC, Wirjosoekarto SAM, Scheffer PG, Huiskes JVM, Remmelink MJ, Sistermans EA, et al. Low fetal 
fraction in cell-free DNA testing is associated with adverse pregnancy outcome: analysis of a subcohort of the 
TRIDENT-2 study. Prenat Diagn 2021;41(10):1296-304. 

11. Deng C, Liu S. Factors affecting the fetal fraction in noninvasive prenatal screening: a review. Front Pediatr 
2022;10:781-812.

12. Caldwell S, Almasri E, Schmidt L, Xu C, Dyr B, Wardrop J, et al. Not all low fetal fraction cell-free DNA screening 
failures are at increased risk for aneuploidy. Prenat Diagn 2021;41(11):1372-9.

13. Panchalee T, Vossaert L, Wang Q, Crovetti BR, McCombs AK, Wapner RJ, et al. The effect of maternal body 
mass index and gestational age on circulating trophoblast yield in cell-based noninvasive prenatal testing. Prenat 
Diagn 2020;40(11):1383-9.

14. Kruckow S, Schelde P, Hatt L, Ravn K, Petersen Olav B, Uldbjerg N, et al. Does maternal body mass index 
affect the quantity of circulating fetal cells available to use for cell-based noninvasive prenatal test in high-risk 
pregnancies? Fetal Diagn Ther 2018;45(5):353-6.

15. Rava RP, Srinivasan A, Sehnert AJ, Bianchi DW. Circulating fetal cell-free DNA fractions differ in autosomal 
aneuploidies and monosomy X. Clin Chem 2014;60(1):243-50.

16. Samura O, Okamoto A. Causes of aberrant non-invasive prenatal testing for aneuploidy: a systematic review. 
Taiwan J Obstet Gynecol 2020;59(1):16-20.

17. Becking EC, Wirjosoekarto SAM, Scheffer PG, Huiskes JVM, Remmelink MJ, Sistermans EA, et al. Low fetal 
fraction in cell-free DNA testing is associated with adverse pregnancy outcome: analysis of a subcohort of the 
TRIDENT-2 study. Prenat Diagn 2021;41(10):1296-304.

18. Chung E, Pierce B. 226: Cell-free DNA fetal fraction and pregnancy outcome. Am J Obstet Gynecol 2020; 222 
(1):157-63.

19. Yuan X, Zhou L, Zhang B, Wang H, Yu B, Xu J. Association between low fetal fraction of cell free DNA at the early 
second-trimester and adverse pregnancy outcomes. Pregnancy Hypertens 2020;101(8):8-22.

20. Krishna I, Badell M, Loucks TL, Lindsay M, Samuel A. Adverse perinatal outcomes are more frequent in 
pregnancies with a low fetal fraction result on noninvasive prenatal testing. Prenat Diagn 2016;36(3):210-5.

21. Shook LL, Clapp MA, Roberts PS, Bernstein SN, Goldfarb IT. High fetal fraction on first trimester cell-free DNA 
aneuploidy screening and adverse pregnancy outcomes. Am J Perinatol 2020;37(1):8-13.

22. Scheffer PG, Wirjosoekarto SAM, Becking EC, Weiss MM, Bax CJ, Oepkes D, et al. Association between 
low fetal fraction in cell-free DNA testing and adverse pregnancy outcome: a systematic review. Prenat Diagn 
2021;41(10):1287-95. 

23. Keshavarz E, Sadeghian A, Ganjalikhan Hakemi A, Talei Khtibi F. Prediction of pre-eclampsia development by 
placenta location: a simple predictor. J Obstet Gynecol Canc Res 2022;2(4)1-5. 

24. Neagos D, Cretu R, Sfetea RC, Bohiltea LC. The importance of screening and prenatal diagnosis in the 
identification of the numerical chromosomal abnormalities. Maedica (Bucur) 2011;6(3):179-84.

25. Luke B, Gopal D, Cabral H, Stern JE, Diop H. Pregnancy, birth, and infant outcomes by maternal fertility status: 
the Massachusetts outcomes study of assisted reproductive technology. Am J Obstet Gynecol 2017;217(3):1-14. 

26. Dadras O, Nakayama T, Kihara M, Ono-Kihara M, Seyedalinaghi S, Dadras F. The prevalence and associated 
factors of adverse pregnancy outcomes among Afghan women in Iran; findings from community-based survey. PLoS 
One 2021;16(1):1-21.

27. Tadese M, Dagne K, Wubetu AD, Abeway S, Bekele A, Misganaw Kebede W, et al. Assessment of the adverse 
pregnancy outcomes and its associated factors among deliveries at Debre Berhan comprehensive specialized 



502502 Volume 8  Number 3  Summer 2025

hospital, northeast Ethiopia. PLoS One 2022;17(7):1-17.

28. Rezaie Keikhaie K, Moshfeghi M, Rezaie Kahkhaie L, Eftekhari M, Ajami S, Forghani F, et al. Evaluation of 
the relationship between cell-free DNA fetal fraction of the circulatory system and fetal and maternal pregnancy 
prognosis: a prospective study. Int J Fertil Steril 2023:17(2):115-9.

29. Dugoff L, Bromley B, Chasen S, Russo M, Koelper N. OP050: cell-free DNA fetal fraction and adverse obstetric 
outcomes in twin pregnancy. Genetics Med 2022;24(3):374-5.

30. Ali M, Pryor K, Chasen S. Perinatal Outcomes in Pregnancies With a Low Fetal Fraction on Non Invasive 
Prenatal Testing [4N]. Obstet Gynecol 2017;129(5):143-8.

31. Jiang Y, Zhang Y, Yang Q, Zeng D, Zhao K, Ma X, et al. The association between fetal fraction and pregnancy-
related complications among Chinese population. PLoS One 2022;17(7)217-71.

32. Bennett T-AM, Dolin C, Yeager S, Morgan J, Pinson K, Madden N, et al. 864: fetal fraction and adverse perinatal 
outcomes. Am J Obstet Gynecol 2017;216(1):494-9. 

Fetal DNA Fraction in cell-free DNA Test


