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Abstract

Background: Cell-free fetal DNA (cffDNA) is a novel screening method for fetal
aneuploidy that facilitated non-invasive prenatal testing (NIPT) through analysis of
cffDNA in maternal plasma. However, despite increased sensitivity, it has a number
of limitations that may complicate of its results interpretation. Therefore, elucidating
factors affecting fetal fraction, as a critical limitation, guides its clinical application.
Methods: In this report, systematic search was carried out through PubMed, Web of
Science, and Scopus databases until February 11, 2022 by using keywords consist of
"noninvasive prenatal screening”, "NIPT", "noninvasive prenatal”, "cell free DNA"
and "fetal fraction”. The articles were screened for eligibility criteria before data ex-
traction.

Results: A total of 39 eligible studies, most published between 2010 and 2020, were
included. Based on the results of studies, a negative correlation between maternal
age and BMI/body weight with fetal fraction was found. Furthermore, LDL, choles-
terol, triglyceride level, metformin, heparin and enoxaparin therapy, hemoglobin-
related hemoglobinopathies, and physical activity showed to have negative associa-
tions. Interestingly, it seems the ethnicity of patients from South and East Asia has a
correlation with fetal fraction compared to Caucasians. Positive correlation was ob-
served between gestational age, free B-hCG, PAPP-A, living in high altitude, and
twin pregnancy.

Conclusion: Considering each factor, there was significant inconsistency and con-
troversy regarding their impact on outcomes. Indeed, multiple factors can influence
the accuracy of NIPS results, and it is worth noting that the impact of these factors
may vary depending on the individual’s ethnic background. Therefore, it is important
to recognize that NIPS remains a screening test, and comprehensive pre- and post-
NIPS counseling should be conducted as part of standard clinical practice.
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Introduction

proven to be useful for non-invasive prenatal
screening/testing (NIPS, NIPT) of fetal an
euploidies by assessing cell free fetal DNA
(cffDNA) in maternal plasma/serum (1-3). The

C irculating cell-free DNA (cfDNA) has been

detection rates of NIPT for most common fetal
aneuploidies including trisomy 21, trisomy 18,
and trisomy 13 are >99%, 98%, and 99%, respec-
tively, with false positive rate (FPR) of 0.13%
when all are combined (4). Despite the use of
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Factors Affecting cffDNA: A Systematic Review

NIPT for aneuploidy screening, cffDNA could be
an important source for genetic and epigenetic
screening of fetus, particularly for paternally in-
herited and de novo mutations. However, a great
challenge remains in the detection of maternally
inherited variants owing to the substantial back-
ground of maternal cfDNA.

The cffDNA fragment size (less than 200 base
pairs) is smaller than that of maternal cell free
DNA (5, 6) and it originates from apoptotic pla-
cental cells (trophoblasts) derived from the em-
bryo (7). cffDNA concentration (fetal fraction) is
about 10%-15% of total cfDNA between 10 and
20 weeks of pregnancy, which can be detected
from the fourth week of gestation and can be
quickly cleared from maternal blood following 2
hours after delivery (8-10). The use of cffDNA is
still limited because cffDNA encompasses a mi-
nor proportion of total cfDNA in the plasma of
pregnant women and commonly a minimum of
4% fetal fraction is required to provide a reliable
test result (11-13). Different factors are reported
to affect fetal fraction and there is high controver-
sy in the literature for most factors. However,
several factors’ correlation with fetal fraction is
supported by a more consistent literature, such as
maternal weight or BMI and gestational age (14-
16). In this study, a review of literature was per-
formed to assess factors affecting fetal fraction of
cfDNA and evaluate the individual influence of
each factor.

Methods

Search strategy: A systematic search was carried
out through MEDLINE/PubMed, Scopus, Co-
chrane library, and Web of Science (WoS) data-
bases until February 11, 2022 by two reviewers
(AS, OK) independently. The following keywords
were used to retrieve relevant studies: ("noninva-
sive prenatal screening” [Title/Abstract] OR
"NIPT"[Title/Abstract] OR "noninvasive prenatal”
[Title/Abstract]) AND ("cell free DNA" [Title/
Abstract] OR "fetal fraction" [Title/Abstract]).
Furthermore, papers that were not identified by
the above databases were included by evaluating
the reference sections of relevant studies. The Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) checklist was used
for the selection process in our systematic review
(Figure 1).

Study selection and data extraction: Randomized
clinical trials, observational studies (cross-sec-

tional, case—control, or cohort), and case series/
reports were included. The inclusion criteria were
the articles including pregnant women who un-
derwent NIPT test and factors affecting fetal frac-
tion of cell free DNA as one of the primary objec-
tives of the papers. EndNote citation management
software was used for the study selection process
and to manage the obtained articles. The title and
abstract of the studies were assessed based on the
inclusion criteria after duplicate papers were re-
jected. Finally, a thorough screening of the full
texts was done. The selection was carried out in-
dependently by two authors (AS, OK). Two re-
searchers (AS, HS) independently extracted the
following information including author, year,
country, type of study, population, number of total
patients, method of evaluating fetal fraction, and
final outcome. A third reviewer resolved disa-
greements (OK).

Results

Study selection: Our preliminary search result
yielded 2071 references. After duplicates were re-
moved, a total of 1407 articles were screened, us-
ing titles and abstracts. The full-text of 57 studies
were retrieved and after an evaluation based on
our inclusion criteria, 39 studies were found eligi-
ble (Figure 1).

Study characteristics: A summary of the charac-
teristics of the included studies evaluating the fac-
tors affecting fetal fraction is available in supple-
mentary table 1. Most of the studies were pub-
lished between 2010 and 2020 which investigated
singleton pregnancies including pregnancies at
11-13 weeks of gestation. Of 38 studies about fe-
tal fraction, 18 investigated maternal age, 27 in-
vestigated maternal weight/BMI, 23 investigated
gestational age, PAPP-A, and free B-hCG, 9 stud-
ies fetal fraction, 8 studies fetal gender, 10 studies
smoking, and 9 investigated racial origin. A total
of 5 studies investigated the effect of twin/multi-
ple pregnancy on Fetal Faction (FF). In 9 studies,
other factors were cited (Figure 2).

Maternal age: Of all the studies included, 18 re-
ported the relationship between maternal age and
fetal fraction (8, 17-33). Among them, 6 studies
found decreased fetal fraction with increasing age
(24-27, 29, 30). Interestingly, a study by Scott et
al. reported a significant negative correlation be-
tween maternal age and FF; however, in their
multivariate analysis, the influence of maternal
age was found to be nonsignificant (8).
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Figure 1. PRISMA flow diagram for included studies in the review

* The process of selecting and refining articles ultimately led to a final set of 39 included articles
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Figure 2. Reported factors affecting fetal fraction

* Negative correlation between maternal age and BMI/body
weight with fetal fraction was detected. Likewise, LDL, cho-
lesterol, triglyceride level, metformin, heparin and enoxa-
parin therapy, hemoglobin-related hemoglobinopathies, and
physical activity showed negative associations. Positive cor-
relation was seen between gestational age, free B-hCG,
PAPP-A, living in high altitude, and twin pregnancy. There
appears to be a potential race-dependent association with
fetal fraction

In a large cohort study done by Hou et al. (25),
samples from 13661 singleton pregnancies were
analyzed in 5 groups (group 1: 18-24 years old,
group 2: 25-29 years old, group 3: 30-34 years
old, group 4: 35-39 years old, and group 5: >40

years old). Compared with the first group, the fe-
tal fraction of all other groups was decreased sig-
nificantly. Additionally, when compared to the
second group, a significant decline was also seen
in the 30-34, 35-39, or 40 year old cases. Similar-
ly, the fetal fraction in the third group was higher
than that in the 35-39 year-old cases or the group
above forties. Another study by Sarno et al. (29)
which was performed on 10698 women with sin-
gleton pregnancies undergoing NIPT investigated
the rate of failure in each of these trisomies and
provided a further option in collecting information
from failed NIPTs. In their study, they have
shown possible effects of multiple fetal and ma-
ternal factors, including maternal age. They found
that in both univariate and multivariate analysis,
the rate of test failure increased with increasing
maternal age. Although some research demon-
strated that maternal age had a substantial impact
on fetal fraction, the majority of the studies that
were included found a nonsignificant correlation
(17-23, 28, 31-33).

Maternal weight/BMI: Of the total studies includ-
ed, 27 reported the relationship between maternal
weight/BMI and the fetal fraction. All studies
found the relationship between decreased fetal
fraction and increasing maternal weight/BMI (8,
18-44). Although all included studies proved the
negative correlation between fetal fraction and
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maternal weight and BMI, there is some incon-
sistency regarding the strength of such correlation.
Rava et al. have found a weak but significant cor-
relation between FF and maternal BMI (35). The
idea was further supported by Suzumori et al. who
found a nonsignificant correlation in the 10-20
weeks of gestation (34). In contrast, some studies
reported a strong negative correlation between FF
and BMI. In a cohort by Scott et al., they reported
a significant decrease of FF from 12% to 7% in
individuals with a BMI of <24 kg/m? and >30 kg/
m?, respectively (8). Additionally, they have dis-
covered that there is little impact when sample
collection is delayed due to the positive effects of
increasing gestational age on FF.

Gestational age: Of the total studies included, 23
reported the relationship between gestational age
and the fetal fraction (8, 17-33). Also, 18 studies
showed increased fetal fraction with increasing
gestational age (24-27, 29, 30). A weak correla-
tion between gestational age and FF was observed
by the majority of these studies. Moreover, 5 stud-
ies reported a nonsignificant difference regarding
gestational age (19, 31, 34, 35, 44). During early
weeks of gestation (typically between 10 and 20
weeks), there was no significant change in FF.
However, a rapid increase in fetal fraction per-
centage was observed after 20 weeks of gestation
(23, 36). Also, 2 studies predicted the increase of
fetal fraction during early gestational age and after
(36, 40). Wang et al. showed that between 10-21
weeks of gestation, an increase of 0.1% per week
is predictable. Compared with the earlier weeks,
the percentage of FF rose at a rate of 1% per week
beginning at 21 weeks of gestation (36). This rate
was observed to grow by 0.44% each week be-
tween 10 and 12.5 weeks of gestation and by
0.083% each week between 12.5 and 20 weeks,
according to a study by Kinnings et al. (40).

The biochemical markers in the first trimester:
PAPP-A and free B-hCG were used as markers in
the first trimester. There was a significant correla-
tion between PAPP-A, free B-hCG, and fetal frac-
tion in 9 studies (8, 18, 19, 21, 28, 29, 30, 33, 37).
Regarding free B-hCG, all included studies show-
ed a significant rise in fetal fraction with increas-
ing free B-hCG. Regarding PAPP-A, only a single
study found a nonsignificant positive correlation
between PAPP-A and FF (21). The association
between FF and biochemical markers in the first
trimester suggests a strong correlation between FF
and placental size and function.

Fetal gender: Of the total studies included, 8 re-
ported the relationship between fetal gender and
the fetal fraction (20-23, 28, 33, 37, 40) and 3
studies reported that the fetal fraction in female
fetuses is significantly higher than in male fetuses
(20, 23, 28). However, 5 studies showed there was
no significant association between fetal gender
and FF (21, 22, 33, 37, 40).

Smoking: Of the total studies included, 10 studies
reported the relationship between smoking and the
fetal fraction (21, 22, 28, 29, 30, 31, 33, 37, 44,
45). Furthermore, 3 studies reported that the fetal
fraction is significantly correlated with smoking
status and FF decreases among individuals who
are active smokers (28, 33, 37). Also, 7 studies
showed there was no significant correlation be-
tween smoking status and FF (21, 22, 29, 30, 31,
44, 45). A study by Tarquini et al. specifically in-
vestigated the impact of maternal smoking on FF
during the first trimester of pregnancy (45). Using
the DYS14 sequence as a fetal marker and the
quantitative real time PCR for DNA analysis, the
fetal fraction of cell free DNA of a total of 177
non-smokers, 18 smokers, and 22 ex-smokers was
assessed. The results of their study showed that
there was no significant difference between peo-
ple who were active or ex-smokers and the non-
smoker group.

Ethnicity: Of the total studies included, 9 studies
reported the relationship between racial origin and
the fetal fraction (21, 27, 28, 29, 30, 31, 33, 37,
38). Among them, 6 studies found a significant
negative correlation in individuals with South
Asian ethnicity compared to Caucasians (21, 27,
29, 30, 37, 38). Four studies demonstrated a sig-
nificant negative correlation in ethnicity of East
Asians compared to Caucasians (21, 30, 37, 38).
Four studies found a significant negative correla-
tion in ethnicity of East Asians compared to Cau-
casians (29, 30, 33, 37). Two studies did not find
any correlation between ethnicity and FF (28, 31).

Twin/multiple pregnancy: A total of five studies
investigated the effect of twin/multiple pregnancy
on FF (24, 29, 32, 41, 44). A study by Sarno et al.
examined failure rate of NIPT between twin and
singleton pregnancies (29). They found a higher
risk of failure among twins and the median fetal
fraction in this group was lower compared to sin-
gleton pregnancies (8% vs. 11%). Hedriana et al.
reported that the average rate of FF among twin
pregnancies is 32% higher than that of singletons,
although this finding was not consistent when it
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comes to comparing FF contribution between sin-
gleton and twin pregnancies (41).

Other factors: Several other factors affecting the
rate of fetal fraction include anticoagulation ther-
apy (43), lipid metabolism (42), gestational diabe-
tes (46), medication intake (39), heparin treatment
(47), hemoglobinopathies (48), abnormal miRNA
expression (17), physical activity (49), and high
altitude (50).

Decreased fetal fraction was observed with in-
creased low-density lipoprotein (LDL), cholester-
ol and triglyceride (TG) levels (42), metformin
(39), heparin and enoxaparin therapy (43, 47),
hemoglobin-related significant hemoglobinopa-
thies (48), and physical activity (49). A positive
correlation was observed in individuals living in
high altitude (50). No association was found be-
tween FF and gestational diabetes (46).

Discussion

In this study, factors affecting fetal fraction of
cfDNA in plasma/serum of pregnant woman were
evaluated. Based on the results of included stud-
ies, a negative correlation between maternal age
and BMI/body weight with fetal fraction could be
suggested. Although there was controversy on sig-
nificance of this correlation among included stud-
ies, no study reported positive correlation. De-
creased fetal fraction in patients with high BMI/
body weight could be due to higher inflammation
and necrotic adipose tissue in these patients (51).

Another factor that seems to have an interesting
correlation with fetal fraction is gestational age.
FF seems to increase with increasing gestational
age and this increase is more significant after 20th
week of gestation. PAPP-A and free B-hCG were
reported to have a positive correlation with fetal
fraction. Low levels of PAPP-A are found to be
correlated with placental dysfunction (52-55);
therefore, placental dysfunction could be the
cause of negative correlation between PAPP-A
and fetal fraction though further investigations are
required to confirm the hypothesis. Interestingly,
fetal fraction of pregnant women with female fe-
tuses seems to be higher than pregnant women
with male fetuses.

Tarquini et al. worked on the effect of smoking
and they concluded that maternal smoking has no
effect on fetal fraction during the first trimester
(45), but there is controversy among other studies
that reported smoking as one of their outcomes. In
case of race and ethnicity, it seems the ethnicity of
patients from South and East Asia has a negative

Zaki-Dizaji M, et al. [NIR{!

correlation with fetal fraction compared to Cauca-
sians.

Zhou et al. reported that the fetal fraction shared
with each fetus in twin pregnancy has no signifi-
cant difference with singleton fetus (32). Two
studies reported that combined fetal fraction for
monozygotic and dizygotic pregnancies is signifi-
cantly higher than singleton pregnancies and dizy-
gotic twins had a significantly higher fetal fraction
compared to monozygotic twins (41, 44). Interest-
ingly, Qiao et al.’s study showed that using small-
er fragments of DNA for NIPT could improve
fetal fraction in twin pregnancies (24).

Several studies reported that aneuploidies could
affect fetal fraction. In a study by Zhou et al., it
was found that pregnancies with trisomy 21 have
higher fetal fraction (32). This finding is con-
sistent with previously reported studies (33).
However, a study by Lopes et al. showed nonsig-
nificant reduction in fetal fraction in all trisomies
(22). Increased fetal fraction in pregnancies with
trisomy 21 could be due to higher levels of oxida-
tive stress leading to more placental necrosis (56-
59). This finding was reversed in pregnancies
with trisomy 18, and most studies indicated a de-
creased fetal fraction in such pregnancies (30, 32,
34). On the other hand, two studies reported no
significant association between trisomy 18 and
fetal fraction (33, 60). Smaller placentas in tri-
somy 18 could be the cause of decreased fetal
fraction in these patients (60). The study by Wa-
taganara et al. reported a significant elevation in
fetal fraction in patients with trisomy 13, but the
outcome in other studies was not consisted with
this one (30, 32, 34). Two main limitations among
the included studies were inadequate adjustment
of outcomes and the omission of fetal fraction as
their primary focus of investigation.

Conclusion

Based on the reported studies, a negative correla-
tion between maternal age and BMI/body weight,
LDL, cholesterol, triglyceride level, metformin,
heparin and enoxaparin therapy, hemoglobin-re-
lated hemoglobinopathies, and physical activity
with fetal fraction could be suggested. It seems
the ethnicity of patients from South and East Asia
has a correlation with fetal fraction compared to
Caucasians. Positive correlation was observed be-
tween gestational age, free -hCG, PAPP-A, liv-
ing in high altitude, and twin pregnancy. Howev-
er, it is imperative to conduct studies that specifi-
cally focus on factors influencing fetal fraction,
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particularly those that have been sources of con-
troversy, using adjusted populations based on
BMI and gestational age.

Conflict of Interest
The authors declare that they have no competing
interests.

References
1. Warsof SL, Larion S, Abuhamad AZ. Overview of
the impact of noninvasive prenatal testing on diag-
nostic procedures. Prenat Diagn. 2015;35(10):972-
9.

2. van der Meij KRM, Sistermans EA, Macville
MVE, Stevens SJC, Bax CJ, Bekker MN, et al.
TRIDENT-2: National implementation of genome-
wide non-invasive prenatal testing as a first-tier
screening test in the Netherlands. Am J Hum
Genet. 2019;105(6):1091-101.

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

4. Gil MM, Accurti V, Santacruz B, Plana MN, Nico-
laides KH. Analysis of cell-free DNA in maternal
blood in screening for aneuploidies: updated meta-
analysis. Ultrasound Obstet Gynecol. 2017;50(3):
302-14.

5. Fan HC, Blumenfeld YJ, Chitkara U, Hudgins L,
Quake SR. Analysis of the size distributions of
fetal and maternal cell-free DNA by paired-end se-
quencing. Clin Chem. 2010;56(8):1279-86.

6. Chan KCA, Zhang J, Hui ABY, Wong N, Lau TK,
Leung TN, et al. Size distributions of maternal and
fetal DNA in maternal plasma. Clin Chem. 2004;
50(1):88-92.

7. Alberry M, Maddocks D, Jones M, Abdel Hadi M,
Abdel-Fattah S, Avent N, et al. Free fetal DNA in
maternal plasma in anembryonic pregnancies: con-
firmation that the origin is the trophoblast. Prenat
Diagn. 2007;27(5):415-8.

8. Scott FP, Menezes M, Palma-Dias R, Nisbet D,
Schluter P, da Silva Costa F, et al. Factors affect-
ing cell-free DNA fetal fraction and the conse-
quences for test accuracy. J Matern Fetal Neonatal
Med. 2018;31(14):1865-72.

9. lllanes S, Denbow M, Kailasam C, Finning K, So-
othill PW. Early detection of cell-free fetal DNA in
maternal plasma. Early Hum Dev. 2007;83(9):563-6.

10. Lo YM, Zhang J, Leung TN, Lau TK, Chang AM,
Hjelm NM. Rapid clearance of fetal DNA from
maternal plasma. Am J Hum Genet. 1999;64(1):
218-24.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Guy GP, Hargrave J, Dunn R, Price K, Short J,
Thilaganathan B. Secondary non-invasive prenatal
screening for fetal trisomy: an effectiveness study
in a public health setting. BJOG. 2021;128(2):440-6.

Fiorentino F, Bono S, Pizzuti F, Mariano M, Pol-
verari A, Duca S, et al. Response to "the import-
ance of determining the limit of detection of non-
invasive prenatal testing methods". Prenatal Diagn.
2016;36(9):898-9.

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 re-
view. Prenatal Diagn. 2021;41(10):1287-95.

Deng C, Liu S. Factors affecting the fetal fraction
in noninvasive prenatal screening: a review. Front
Pediatr. 2022;10:812781.

Mousavi S, Shokri Z, Bastani P, Ghojazadeh M,
Riahifar S, Nateghian H. Factors affecting low
fetal fraction in fetal screening with cell-free DNA
in pregnant women: a systematic review and meta-
analysis. BMC Pregnancy Childbirth. 2022;22(1):
918.

Deng C, Liu J, Liu S, Liu H, Bai T, Jing X, et al.
Maternal and fetal factors influencing fetal frac-
tion: A retrospective analysis of 153,306 pregnant
women undergoing noninvasive prenatal screening.
Front Pediatr. 2023;11:1066178.

Santoro G, Lapucci C, Giannoccaro M, Caporilli S,
Rusin M, Seidenari A, et al. Abnormal circulating
maternal miRNA expression is associated with a
low (<4%) cell-free DNA fetal fraction. Diagnos-
tics (Basel). 2021;11(11):2108.

Dolatkhah M, Rahnamaye Farzami M, Khavari-
Nejad R-A, Noori SJIJoNI. Correlation of maternal
age, weight, pregnancy-associated plasma protein
a, free beta-human chorionic gonadotropin, fetal
crown-rump length, and fetal gender with fetal
DNA fraction in non-invasive prenatal testing: an
experiment on lranian pregnant women. lran J
Neonatol. 2021;12(1):26-32.

Talbot AL, Ambye L, Hartwig TS, Werge L,
Sgrensen S, Stormlund S, et al. Fetal fraction of
cell-free DNA in pregnancies after fresh or frozen
embryo transfer following assisted reproductive
technologies. Hum Reprod. 2020;35(6):1267-75.

Serapinas D, Boreikaité E, Bartkeviciiit¢ A, Nor-
vilaité K, Narbekovas A, Bartkevi¢iené DJM. The
level of free fetal DNA as precise noninvasive
marker for chromosomal aneuploidies: first results
from BALTIC region. medicina (Kaunas). 2020;56
(11):579.

Miltoft CB, Rode L, Bundgaard JR, Johansen P,
Tabor A. Cell-free fetal DNA in the early and late

224 W 5 Reprod Infertil, Vol 24, No 4, Oct-Dec 2023

Al mamwy/:dny woly papeojumoq



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

first trimester. Fetal Diagn Ther. 2020;47(3):228-
36.

Lopes JL, Lopes GS, Enninga EAL, Kearney HM,
Hoppman NL, Rowsey RA. Most noninvasive
prenatal screens failing due to inadequate fetal cell
free DNA are negative for trisomy when repeated.
Prenat Diagn. 2020;40(7):831-7.

Zhao Q, HuoliaBieKe J, Du SJJoGO, Reproduc-
tion H. The influence of fetal gender and maternal
characteristics on fetal cell-free DNA in maternal
plasma. J Gynecol Obstet Hum Reprod. 2019;48
(8):653-656.

Qiao L, Yu B, Liang Y, Zhang C, Wu X, Xue Y, et
al. Sequencing shorter cfDNA fragments improves
the fetal DNA fraction in noninvasive prenatal test-
ing. Am J Obstet Gynecol. 2019;221(4):345.e1-
345.e11.

Hou Y, Yang J, Qi Y, Guo F, Peng H, Wang D, et
al. Factors affecting cell-free DNA fetal fraction:
statistical analysis of 13,661 maternal plasmas for
non-invasive prenatal screening. Hum Genomics.
2019;13(1):62.

Guo FF, Yang JX, Huang YL, Qi YM, Hou YP,
Peng HS, et al. Association between fetal fraction
at the second trimester and subsequent spontaneous
preterm birth. Prenat Diagn. 2019;39(13):1191-7.

Rolnik DL, da Silva Costa F, Lee TJ, Schmid M,
McLennan ACJUIO, Gynecology. Association be-
tween fetal fraction on cell-free DNA testing and

first-trimester markers for pre-eclampsia. Ultra-
sound Obstet Gynecol. 2018;52(6):722-7.

Miltoft CB, Rode L, Ekelund CK, Sundberg K,
Kjaergaard S, Zingenberg H, et al. Contingent
first-trimester screening for aneuploidies with
cell-free DNA in a Danish clinical setting. Ultra-
sound Obstet Gynecol. 2018;51(4):470-9.

Sarno L, Revello R, Hanson E, Akolekar R, Nicol-
aides KH. Prospective first-trimester screening for
trisomies by cell-free DNA testing of maternal
blood in twin pregnancy. Ultrasound Obstet Gy-
necol. 2016;47(6):705-11.

Revello R, Sarno L, Ispas A, Akolekar R, Nicol-
aides KH. Screening for trisomies by cell-free
DNA testing of maternal blood: consequences of a
failed result. Ultrasound Obstet Gynecol. 2016;47
(6):698-704.

Krishna |, 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.

Zhou Y, Zhu Z, Gao Y, Yuan Y, Guo Y, Zhou L,
et al. Effects of maternal and fetal characteristics

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Zaki-Dizaji M, et al. [NIR{!

on cell-free fetal DNA fraction in maternal plasma.
Reprod Sci. 2015;22(11):1429-35.

Ashoor G, Syngelaki A, Poon L, Rezende JC,
Nicolaides KH. Fetal fraction in maternal plasma
cell-free DNA at 11-13 weeks' gestation: relation
to maternal and fetal characteristics. Ultrasound
Obstet Gynecol. 2013;41(1):26-32.

Suzumori N, Ebara T, Yamada T, Samura O, Yo-
tsumoto J, Nishiyama M, et al. Fetal cell-free DNA
fraction in maternal plasma is affected by fetal
trisomy. J Hum Genet. 2016;61(7):647-52.

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.

Wang E, Batey A, Struble C, Musci T, Song K,
Oliphant A. Gestational age and maternal weight
effects on fetal cell-free DNA in maternal plasma.
Prenat Diagn. 2013;33(7):662-6.

Poon LCY, 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):215-23.

Lee TJ, Rolnik DL, Menezes MA, McLennan AC,
da Silva Costa F. Cell-free fetal DNA testing in
singleton IVF conceptions. Hum Reprod. 2018;33
(4):572-8.

Kuhlmann-Capek M, Chiossi G, Singh P, Monsi-
vais L, Lozovyy V, Gallagher L, et al. Effects of
medication intake in early pregnancy on the fetal
fraction of cell-free DNA testing. Prenat Diagn.
2019;39(5):361-8.

Kinnings SL, Geis JA, Almasri E, Wang H, Guan
X, McCullough RM, et al. Factors affecting levels
of circulating cell-free fetal DNA in maternal plas-
ma and their implications for noninvasive prenatal
testing. Prenat Diagn. 2015;35(8):816-22.

Hedriana H, Martin K, Saltzman D, Billings P,
Demko Z, Benn P. Cell-free DNA fetal fraction in
twin gestations in single-nucleotide polymorphism-
based noninvasive prenatal screening. Prenat
Diagn. 2020;40(2):179-84.

Cao J, Qiao L, Jin J, Zhang S, Chen P, Tang H, et
al. Lipid metabolism affects fetal fraction and
screen failures in non-invasive prenatal testing.
Front Med (Lausanne). 2021;8:811385.

Burns W, Koelper N, Barberio A, Deagostino-
Kelly M, Mennuti M, Sammel MD, et al. The as-
sociation between anticoagulation therapy, mater-
nal characteristics, and a failed cfDNA test due to a
low fetal fraction. Prenat Diagn. 2017;37(11):
1125-9.

J Reprod Infertil, Vol 24, No 4, Oct-Dec 2023 | | I 225

2l mamwy/:dny wouy papeojumoq



Factors Affecting cffDNA: A Systematic Review

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

226

Bevilacqua E, Gil MM, Nicolaides KH, Ordofiez
E, Cirigliano V, Dierickx H, et al. Performance of
screening for aneuploidies by cell-free DNA ana-
lysis of maternal blood in twin pregnancies. Ultra-
sound Obstet Gynecol. 2015;45(1):61-6.

Tarquini F, Picchiassi E, Centra M, Pennacchi L,
Galeone F, Bini V, et al. Maternal smoking does
not affect the amount of cell-free fetal DNA in
maternal plasma during the 1st trimester of preg-
nancy. J Obstet Gynaecol. 2015;35(1):42-5.

Hopkins MK, Koelper N, Bender W, Durnwald C,
Sammel M, Dugoff L. Association between cell-
free DNA fetal fraction and gestational diabetes.
Prenat Diagn. 2020,;40(6):724-7.

Nakamura N, Sasaki A, Mikami M, Nishiyama M,
Akaishi R, Wada S, et al. Nonreportable rates and
cell-free DNA profiles in noninvasive prenatal test-
ing among women with heparin treatment. Prenat
Diagn. 2020;40(7):838-45.

Putra M, Idler J, Patek K, Contos G, Walker C,
Olson D, et al. The association of HBB-related
significant hemoglobinopathies and low fetal
fraction on noninvasive prenatal screening for fetal
aneuploidy. J Maten Fetal Neonatal Med. 2021;34
(22):3657-61.

Schlutter JM, Hatt L, Bach C, Kirkegaard |, Kgl-
vraa S, Uldbjerg N. The cell-free fetal DNA frac-
tion in maternal blood decreases after physical
activity. Prenat Diagn. 2014;34(4):341-4.

Zhong XY, Wang Y, Chen S, Pan X, Zhu N, Hahn
C, et al. Circulating fetal DNA in maternal plasma
is increased in pregnancies at high altitude and is
further enhanced by preeclampsia. Clin Chem.
2004;50(12):2403-5.

Vora NL, Johnson KL, Basu S, Catalano PM, Hau-
guel-De Mouzon S, Bianchi DW. A multifactorial
relationship exists between total circulating cell-
free DNA levels and maternal BMI. Prenat Diagn.
2012;32(9):912-4.

van Kleffens M, Groffen C, Lindenbergh-Kortleve
DJ, van Neck JW, Gonzéalez-Parra S, Dits N, et al.
The IGF system during fetal-placental develop-
ment of the mouse. Mol Cell Endocrinol. 1998;140
(1-2):129-35.

Lawrence JB, Oxvig C, Overgaard MT, Sottrup-
Jensen L, Gleich GJ, Hays LG, et al. The insulin-
like growth factor (IGF)-dependent IGF binding
protein-4 protease secreted by human fibroblasts is
pregnancy-associated plasma protein-A. Proc Natl
Acad Sci USA. 1999;96(6):3149-53.

Irwin JC, Suen LF, Martina NA, Mark SP, Giudice
LC. Role of the IGF system in trophoblast invasion
and pre-eclampsia. Hum Reprod. 1999;14 Suppl
2:90-6.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Conover CA, Bale LK, Overgaard MT, Johnstone
EW, Laursen UH, Flchtbauer EM, et al. Metal-
loproteinase pregnancy-associated plasma protein
A is a critical growth regulatory factor during fetal
development. Development. 2004;131(5):1187-94.

Hahn S, Rusterholz C, Hésli |, Lapaire O. Cell-free
nucleic acids as potential markers for preeclam-
psia. Placenta. 2011;32 Suppl:S17-20.

Knight M, Redman CW, Linton EA, Sargent IL.
Shedding of syncytiotrophoblast microvilli into the
maternal circulation in pre-eclamptic pregnancies.
Br J Obstet Gynaecol. 1998;105(6):632-40.

Slonim DK, Koide K, Johnson KL, Tantravahi U,
Cowan JM, Jarrah Z, et al. Functional genomic
analysis of amniotic fluid cell-free mMRNA suggests
that oxidative stress is significant in Down synd-
rome fetuses. Proc Natl Acad Sci. 2009;106(23):
9425-9.

Muchova J, Zithanova I, Duratkova Z. Oxidative
stress and Down syndrome. Do antioxidants play a
role in therapy? Physiol Res. 2014;63(5):535-42.

Wataganara T, LeShane ES, Farina A, Messerlian
GM, Lee T, Canick JA, et al. Maternal serum cell-
free fetal DNA levels are increased in cases of tri-
somy 13 but not trisomy 18. Hum Genet. 2003;
112(2):204-8.

Lee DE, Lim JH, Kim MH, Park SY, Ryu HM.
Novel epigenetic markers on chromosome 21 for
noninvasive prenatal testing of fetal trisomy 21. J
Mol Diagn. 2016;18(3):378-87.

Lim JH, Kim SY, Park SY, Lee SY, Kim MJ, Han
YJ, et al. Non-invasive epigenetic detection of fetal
trisomy 21 in first trimester maternal plasma. PL0S
One. 2011;6(11):e27709.

Bahado-Singh R, Friedman P, Talbot C, Aydas B,
Southekal S, Mishra NK, et al. Cell-free DNA in
maternal blood and artificial intelligence: accurate
prenatal detection of fetal congenital heart defects.
Am J Obstet Gynecol. 2023;228(1):76.e1-76.e10.

Chen M, Jiang F, Guo Y, Yan H, Wang J, Zhang
L, et al. Validation of fetal DNA fraction esti-
mation and its application in noninvasive prenatal
testing for aneuploidy detection in multiple preg-
nancies. Prenat Diagn. 2019;39(13):1273-82.

Zhong XY, Birk MR, Troeger C, Jackson LR,
Holzgreve W, Hahn SJPd. Fetal DNA in maternal
plasma is elevated in pregnancies with aneuploid
fetuses. Prenat Diagn. 2000;20(10):795-8.

Alberry MS, Maddocks DG, Hadi MA, Metawi H,
Hunt LP, Abdel-Fattah SA, 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.

S 5 Reprod Infertil, Vol 24, No 4, Oct-Dec 2023

Al mamwy/:dny woly papeojumoq



Zaki-Dizaji M, et al. [NIR{!

Supplementary Table 1. Characteristics of included studies and quality assessment results

Total patients

Author Year Country Type Population ) Outcome Ref
Decreasing FF with increasing maternal BMI
Women with singleton ongoing (p<0.0001) and with decreasing values of
Talbot et 2020 Denmark Retrospective  pregnancy followmg either a_f'resh 292 o B -hCG (MoM) 19)
al. cohort ET or a frozen ET in a modified No association between FF and maternal age,
natural cycle gestational age, PAPP-A (MoM) or the thickness of
the nuchal translucency
The association of high body mass index (BMI), early
GA and decreased placental biomarkers (free p-hCG,
Scott et . Retrospective All women with singleton PAPP-A, PIGF) with decreased FF
al. 2018 Australia cohort pregnancies who underwent NIPT 5267 Maternal age or nuchal translucency has no ®)
association with FF
The correlation between trisomy 21 and increased FF
Singleton pregnant women known o ) o
Schlitter . to carry a male fetus when they The association between physical activity and
etal. AU [DEITEGS CEEREAE attended the first trimester nuchal 2 decreased FF €8
translucency scanning
Rolnik et Rt i Women Witﬂ sing(;eton . The association between low FF and increased risk
olnik e . etrospective pregnancies who underwen for preanan mplication such as PE. risk of PE
al. 2018 Australia cohort cfDNA testing and reported fetal 4317 OF pregnancy comp C?; Ic:) G;uc a5 Pk, Tisk o @n
fraction an
Women with singleton The association betw_een decreased FF and increasing
Revello pregnancies undergoing screening body mass index and maternal age
et al 2016 UK Cohort for fetal trisomies 21, 18, and 13 10698 FF is lower in South Asian women than Caucasians  (30)
' by cfDNA testing at_ 10-14 weeks FF increased with fetal crown-rump length and
of gestation higher levels of free p-hCG and PAPP-A
The association of increased maternal BMI and
Qiao et . Women pregnant with male decreasing FF
al. 2019 China Cohort fetuses 2903 The association of early GA and decreasing FF (24
cfDNA sizes have negative correlation with FF
. Women with a diagnosis of HSH ; i
Putra et Retrospective . A The relation between HBB-related significant
al. gl S case-control IR ([P el £ B TimareE] <9 hemoglobinopathies and low FF )
laboratory
The association between higher fetal and maternal
cfDNA plasma concentration and higher levels of free
B-hCG and PAPP-A
o Higher fetal and maternal cfDNA plasma
b Women with ;'_”gl’]fto”h ] concentration in Afro-Caribbeans and East-Asians
oon et 2013 USA Cohort pregnancies attending for their 1949 than in Caucasians 37)
al. routine first hospital visit in their L fetal and | ¢FDNA pl
first-trimester ower fetal an r_nate_rng c plasma
concentration in in smokers
Fetal cfDNA level has an inverse relation with
maternal weight and uterine artery pulsatility index
Maternal cfDNA increased with maternal weight
FF decreased with maternal BM
Miltoft et Pregnant Danish-speaking women FF is lower in Asian women
al. A PEIEGS Serel >18 years of age el FF increased with B-hCG levels and gestational age )
FF is lower before 10 weeks of GA
) ‘Women aged 218 years with a FF decreased with increasing maternal weight
Miltoft et 2018 Denmark Cohort singleton pregnancy, a CFTS risk 6449 FF increased with the level of B-hCG and PAPP-A (28)
al. for T21 of >1 in 1000 and no female fet
language barrier among female fetuses
FF decreased in trisomy pregnancies and
NIPS failure is because of high BMl/early gestational
age
';IOPES e om0  UsA Cohort pEEnant Wom’\?:‘P‘fr"ho underwent 2374 FF is not significantly associated with maternal age, ~ (22)

fetal gender, IUFD, IUGR, preeclampsia,
hypertension, use of advanced reproductive
technologies to achieve pregnancy, or smoking
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NIl Factors Affecting cffDNA: A Systematic Review

Contd. Supplementary Table 1. Characteristics of included studies and quality assessment results

Total patients

Author Year Country Type Population ) Outcome Ref
Women with singleton
R . pregnancies underwent cffDNA The association between I\VVF conception, increased
Lee etal. 2018  Australia P screening for trisomies 21, 18, 13 5625 BMI, earlier gestational age and South and East (38)
cohort A . A
and sex chromosome aneuploidies Asian ethnicities and low FF
(SCA) from 10 weeks of gestation
The association of increase maternal BMI and low FF
Kuhlmann- Retrospective Women with singleton The association of early GA and low FF The a
Capek et 2019  USA cor?ort pregnancies undergoing cfDNA 1051 ssociation of exposure to metformin and low FF (39)
al. testing or genetic counseling The association of two or more medications (heparin)
and lower FF
The association of ethnicity of African Americans
and high body mass index with low FF
Low FF caused more adverse perinatal outcomes in
women with preterm birth (<37weeks) and
Singleton pregancies with pregnancy-assouatedi:ylzt\el\rlt'e:r'lslve disorders is more
Krishna et 2016 USA Retrospective ~ guantification of feta! fractlon_ and 435 Significant association between gestational diabetes (31)
al. cohort pregnancy outcome information.
. or preterm premature rupture of membranes and
All women undergoing NIPT
low FF
FF has no association with IUGR, induction of labor,
mode of delivery, postpartum complications, or
NICU admission
Live birth decreases in low FF
L Singleton pregnancies with a FF increases with GA
L(tlglnmgs 2015 USA Cohort minimum gestational age of 10 140377 FF decreases with maternal BMI or blood volume (40)
' weeks were included in this study The effect of aneuploidy status on FF varies with GA
. Women with sinaleton FF increased with increase of GA
Hou et al. 2019 China ~ hetrospective ] 5 13661 FF decreased with increasing maternal BMI Maternal  (25)
cohort pregnancies who underwent NIPS . .
age has no relation with FF
. . All women who had cfDNA Low FF is correlated with maternal obesity
I;:opklns et 2020 USA Retrcc:)srf)(t)arcttlve aneuploidy screening between 10 3206 No relationship between FF and development of (46)
' and 20 weeks of gestation GDM up to 20 weeks
) S 4615twinand  Ef js higher in twins than singletons but the per fetus
AELITE 2020 USA Cohort 6 prednancy CeLa FF was lower. There are differences in the two FFsin ~ (41)
etal. (MZ and DZ) singleton di tic twi .
pregnancies izygotic twin pregnancies
FF has negative correlation with BMI, maternal age,
. Women with singleton nulliparity, and history of spontaneous preterm birth
Gouetal. 2019  China Retrcc;srﬁ);rcttlve pregnancies who underwent NIPT 8129 FF was positively correlated with GA (26)
at 14 to 25 weeks of gestation FF has no correlation with assisted reproduction or
hepatitis B surface antigen (HBsAQ)
cffDNA has a negative correlation with maternal
C Singleton pregnant women aged weight
ross- i ; ;
cffDNA has a positive correlation with PAPP-A and
Dl 47el 2021 Iran sectional 20-47 years at 11+0 to 13+6 308 P (18)
etal. study weeks of breananc free B-hCG values
preg y cffDNA in male fetuses is higher than female fetuses
cffDNA was not related with CRL and maternal age
FF has a positive correlation with GA in twin and
triplet pregnancies
Pregnan men wh for N
Chenetal. 2019 China Cohort egnant wo N?PTW 0 opted fo 362 FF has a same correlation like singleton pregnancy (64)
with fetal gender and chromosomal aneuploidy in
twin and triplet pregnancies
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Contd. Supplementary Table 1. Characteristics of included studies and quality assessment results

Total patients

Author Year Country Type Population ) Outcome Ref
FF decreased with increased LDL, cholesterol,
Pregnant women at 12—-26
8 Retrospective weeks of gestation who i 16 Bl
Caoetal. 2021 China cohort underwent NIPT sequencing 4514 FF has a positive correlation with HDL-C level ~ (42)
and serum lipid measurements and the time inte_rval between the two tests (in
high TG levels)
Women with singleton ) )
Burns et 2017 USA Retrospective  pregnancies who had cfDNA 2890 Enoxaparin therapy and obesity are related to 43)
al. cohort screening at 10-25 weeks of low FF
gestation
. cfDNA testing was performed ; ; ;
Erevtl e 2015 Spain Cohort in twin pregn%nciespat 10-28 515 FFin tW"? pregnancles was_lower than (44)
etal. . singleton pregnancies
weeks of gestation
FF was associated with maternal weight,
height, Afro-Caribbean origin, cigarette
) ) smoking, fetal CRL, trisomy 21 karyotype,
Ashoor et Singleton pregnancies at 11 log10 PAPP-A-MoM and log10 B-hCG-MoM
al. 2013 UK Cohort 13 weeks of gestation and 1949 Fetal fraction increased with fetal CRL (33)
cf-DNA testing ) .
FF was not associated with maternal age,
method of conception, fetal gender, trisomy 18
karyotype or delta NT
FF has a positive correlation with GA and
increased rapidly after the 21 weeks of
gestation
FF has a negative association with maternal
BMI
FF was higher in trisomy 21 fetus and lower
. Pregnant women that received among trisomy 18
i gicl. 200 Gl Ceseeuiial nog—invasive prenatal testing e A 1.6-fold incensement of fetal fraction was )
observed in twin fetuses comparing to singleton
pregnancy
FF is lower in women with preexisting
hypertension
FF was not associated with preexisting
diabetes, hyperthyroidism, or HBsAg carriers
Pregnant women, FF increased by preeclampsia, fetal growth
Han Chinese at sea level, restriction, preterm labor, pregnancies with
flr.mng B 2004 China Case control Lhasa Han Chinese, Han 19+21+27+15+11=83  aneuploidy fetuses, and placental pathology FF  (50)
Chinese with preeclampsia, increased in preeclampsia
Tibetans with preeclampsia FF increased in high altitudes

Women with singleton .. . .
. g FF has a positive correlation with GA and
pregnancies using

Zhaoetal. 2019 China Cohort 2638 negative correlation with BMI (23)

non-invasive prena'tal testing In female fetus, cfDNA is higher than male
for aneuploidy via NIPT

Pregnant women with an

increased risk for an aneuploid FF demonstrated a significant increase in
Yanetal. 2000  Switzerland  Case-control fetus who were about to 29+28 trisomy 21, while its association with trisomy  (65)
undergo an invasive prenatal 18 did not reach statistical significance

diagnostic procedure
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Contd. Supplementary Table 1. Characteristics of included studies and quality assessment results

Author Year  Country

Type Population

Total patients
Q)

Outcome Ref

Wataganara

2003 USA
etal.

Wangetal. 2013 USA

Tarquini et

al. 2015 Italy

Alberry et

al 2009  UKI/Egypt

Suzumori

etal. 2016 Japan

Serapinas

2020 Lithuanian
etal.

Five pregnant women
confirmed to be carrying a
singleton male fetus with
trisomy 13 and serum samples
from other 5 pregnant women
confirmed a singleton male
fetus with trisomy 18
Four or five serum samples
from pregnant women carrying
presumably normal euploid
male fetuses, and 1 or 2
presumably normal euploid
female fetuses as negative
controls, matched for both
gestational age and duration of
specimen storage in the freezer

Case-control

Women with singleton
pregnancies at 10 weeks of
gestation undergoing the
harmony prenatal test

Cohort

344 plasma samples were taken
from non-smoking
pregnant women, 38 from
active smoking pregnant
women, and 33 from
ex-smoking pregnant women,
all of whom were in the first
trimester of pregnancy

Case-control

Women with singleton male
pregnancies (n: 138) were
recruited (over a period of 18
months in 2006-2007)

Case-control

Pregnant women with high risk
for fetal aneuploidy and
singleton gestation were

enrolled at 10 to 20 weeks of
gestation
The high-risk indications
included maternal age of >35
years at the time of delivery,
abnormal fetal ultrasound,
abnormal serum screening,
personal history of a child with
aneuploidy or a parent carrying
a balanced Robertsonian
translocation with an increased
risk of trisomy 13 or 21

Women with singleton
pregnancy who
underwent NIPT
The exclusion criteria were
multiple gestation and
gestational age >21 weeks

Prospective
cohort

Cohort

20

2234

415

138

7740

862

FF increased in trisomy 13

but FF decreased in trisomy 18 )

FF increases with gestation
FF decreases with increasing maternal weight  (36)

FF levels are not altered by smoking and
previous smoking habits in pregnancy during (45)
first trimester

Free fetal DNA in normal pregnancies increased
with gestational age
Results were significantly higher in
preeclampsia and fetal growth restriction groups (66)
than in normal pregnancy and were higher in
severe preeclampsia than in milder disease

FF decreased with increasing maternal weight
Ff increased with gestation
FF in triosomy 21 is higher than 13 and 18

(34)

FF increased with gestation

FF decreased with maternal weight (20)
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Contd. Supplementary Table 1. Characteristics of included studies and quality assessment results

Author

Year

Country

Type

Total patients

Population ) Outcome Ref
438 twin and 10698 singleton
pregnant women underwent - P - -
Sarnoetal. 2016 UK Cohort screening for fetal trisomies by 438+10698 ';lF: :js s ::I"] tv‘;‘; _than smgletorl preg:nanf:lﬁi (29)
cfDNA testing at 10+0 to13+6 ecreased with increasing maternal weig
weeks of gestation
Caucasian pregnant women
who had undergone NIPT from
10+0t0 14 +1 gestational Aberrant maternal miRNA expression is
Santoro et 2021 Italy Case-control weeks as a primary or 12 : . P 17
al. - associated with low FF
secondary screening test for
fetal chromosomal
abnormalities
Nakamura Retrospective Patients underwent NIPT Heparin use increased the short-sized cfDNA
etal. e L cohort singleton pregnancies s and affected the NIPT result @)
The fetal fraction of cell-free DNA was
Women with singleton negatively correlateq WIFh body mass index,
. reanancies who underwent maternal age, nulliparity, and history of
Guo et al. 2019 China Retrospective pregnan . 8129 spontaneous preterm birth, positively correlated  (26)
cohort noninvasive prenatal testing at - h .
. with gestational age, and not correlated with
14 to 25 weeks of gestation . . o
assisted reproduction or hepatitis B surface
antigen (HBsAg)
=
o
§
=
=
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