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Objective: To examine the association between low fetal fraction (FF) of cell free DNA determined at non-invasive prenatal
screening (NIPS) and the subsequent risk of preterm birth in uncomplicated singleton pregnancy.
Methods: We retrospectively interrogated NIPS System and hospitalization records from April 2018 to August 2019 and obtained
results from 1521 consecutive and uncomplicated women with singleton pregnancy in which plasma FF of cell free DNA at NIPS had
been investigated together with birth outcomes. We examined the association between FF and preterm birth (PTB) by regression
analysis.
Results: The incidence of preterm birth, low birthweight, and macrosomia in the study population was 5.06%, 2.89%, and 7.17%,
respectively. FF at NIPS in the second to fourth quartiles (8.40–11.07, 11.08–13.70, and >13.70%, respectively) was associated with
higher gestational age at delivery relative to the lowest quartile (<8.40%), with estimated mean increases of 0.27 weeks (95% CI:
0.05–0.49), 0.29 weeks (95% CI: 0.06–0.51), and 0.28 weeks (95% CI: 0.05–0.51), respectively (P for trend = 0.027). Low FF (< the
5th percentile) was associated with an increased risk of PTB (adjusted OR: 2.23, 95% CI: 1.01–4.98, P = 0.047) compared to normal
FF (≥ the 5th and ≤ the 95th percentiles). In addition, when compared to women with normal FF and body mass index (BMI) <25 at
NIPS, the risk of early PTB (< 34 weeks gestation) was remarkably significantly higher among those with low FF and BMI ≥25
(adjusted OR: 6.29, 95% CI: 1.71–23.15, P = 0.006).
Conclusion: Our study supports the association of low FF at NIPS with PTB (especially early PTB) for uncomplicated singleton
pregnancy.
Keywords: preterm birth, cell-free fetal DNA, fetal fraction, non-invasive prenatal screening, birth outcomes

Introduction
The incidence of preterm birth (PTB) is about 6.1% in China, 8.7% in Europe, and 11.3% in the USA.1,2 Globally, PTB
ranks first among the causes of neonatal death and is associated with adverse health sequelae in adulthood.3,4

Consequently, better identification of pregnant women at high risk of PTB is a prerequisite for reducing its incidence.
The discovery of circulating cell-free fetal DNA (cffDNA) in maternal plasma has been profoundly and rapidly

transformed into clinical application – noninvasive prenatal screening (NIPS) detecting fetal aneuploidies with high
sensitivity and specificity.5 Fetal fraction (FF) of cell free DNA represents a ratio of cffDNA to total cell-free DNA in
maternal circulation and is an important parameter for assessing analytical results of NIPS. During the past decade, the
association of abnormal FF at NIPS with adverse pregnancy outcomes has attracted increasing attention in the scientific
community, but the clinical implications of abnormal FF remain unclear. For example, a limited number of observational
studies have examined the relationship between abnormal FF and PTB, and have yielded conflicting results. Dugoff et al
found that a high FF (≥ the 95th percentile) at 14–20 weeks gestation is related to PTB, whereas other studies found no
association between high FF (≥ the 95th percentile) in the second trimester and high risk of PTB.6–9 In contrast, evidence
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from two studies showed that PTB frequently occurs among pregnant women with low FF (<4%) and a low FF (< the
10th percentile) is associated with an increased risk of early PTB (< 34 weeks gestation).9,10 This discrepancy could be
attributed to the failure of most studies to control for pregnancy complications leading to PTB.

We conducted an observational cohort study in Changzhou Maternity and Child Health Care Hospital to investigate
the association between low FF measured at NIPS and PTB for uncomplicated singleton pregnancies. We hypothesized
that the independent or combined effect of low FF and maternal characteristics can be established for PTB.

Methods
Study Population and Data Collection
This observational cohort study was conducted in Changzhou Maternal and Child Health Care Hospital, Jiangsu
Province, China. Between April 2018 to August 2019, consecutive pregnant women presenting for NIPS and delivery
in the hospital were included in the present study. The protocol was approved by the ethics committee of the hospital (No.
ZD201803) and informed consent was obtained from each participant. Women were included if they had a singleton
pregnancy, complete medical records and NIPS data. Women were not eligible if they met one of the following
conditions: positive NIPS results (Z-scores ≥3 or ≤-3, high risk for fetal aneuploidy in T21/T18/T13); abortion; fetal
death, termination and birth defects; pre-pregnancy disease (chronic hypertension, diabetes mellitus, heart, liver, or
kidney disease, thyroid disease, immune rheumatic disease, syphilis); major pregnancy complications [gestational
diabetes mellitus (GDM), intrahepatic cholestasis of pregnancy (ICP), preeclampsia (PE), pregnancy induced hyperten-
sion (PIH)]. 1521 consecutive pregnant women and their singleton pregnancies were included in the present study
(Figure 1). None of the participants in this study smoked or consumed alcohol and drugs during pregnancy. As described
previously, NIPS was performed on the sequence platform of Illumina NextSeq 500 in the Second-trimester (Illumina
China, China).11 In brief, maternal whole blood (8 mL) was collected, and the plasma was obtained by centrifugation at
1600 g for 10 min at 4 °C. Cell freeDNA was extracted from 1.2 mL of plasma using an automatic magnetic bead
extraction and purification system (KingFisher Flex, Thermo Scientific & Co. USA). The extracted DNA was then
constructed library and massively parallel sequencing. After sequence data were analyzed, the z-scores and FF were

2397 cases of singleton pregnancy
underwent NIPS and delivered in the

hospital

GDM (N = 469)
ICP (N = 53)
PIH (N = 46)
PE (N = 35)
Multiple complications (N = 67)

Pre-gestational diseases
(N=48)

Fetal malformation, death and
termination (N=31)

1521 women with uncomplicated
singleton pregnancy

Abortion (N=127)

Figure 1 Flow chart of study population.
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obtained. After reporting NIPS results, all NIPS-positive women (Z-scores ≥3 or ≤-3) were recalled for genetic
counseling. FF is the key quantity to detect the aneuploidy status of a fetus in NIPS. Its measurement using sequence
read counts was determined by a multivariable model.12 We retrospectively collected and interrogated NIPS data and
hospitalization records for this observational study. Data on maternal age, gravidity, parity, assisted reproduction, medical
history, pregnancy complications, delivery mode, gestational age at delivery, and fetal birth weight were obtained from
the hospitalization records. Maternal height, weight, and FF at NIPS were collected from NIPS system.

Outcome Definitions and Statistical Analysis
Our primary outcome was gestational age at delivery; secondary outcome was birthweight. According to the gestational
age at delivery, PTB was classified as early PTB (< 34 weeks), late PTB (34 to 36 weeks), and total PTB (< 37 weeks),
respectively.13 Based on the birthweight, neonates were stratified into low birthweight (LBW) (<2500 g), normal
birthweight (2500–4000 g), and macrosomia (>4000 g), respectively.14 In addition, the diagnosis of major pregnancy
complications including GDM, PE, PIH and ICP, was based on a previous study.15 Continuous variables with or without
normal distribution were expressed as mean ± standard deviation (SD) or median (interquartile range, IQR). Categorical
variables were presented as N (%). To be consistent with previous studies, FF was defined as three categories: low FF
(<5th percentile), normal FF (5–95th percentile), and high FF (>95th percentiles), respectively.6,7,9,16,17 Parametric and
non-parametric methods, as appropriate, were used to describe the differences in the basic characteristics between normal
and low/high FF mother–neonate pairs. General linear analysis was used to examine the association of different FF
quartiles with fetal gestational age at delivery and birthweight.

After the gestational age at delivery and birthweight were defined as categorical variables (PTB/LBW/macrosomia),
logistic regression analysis was applied to calculate odds ratios (ORs) and 95% confidence intervals (CIs) to assess the
association of low FF with outcomes. In addition, an effect of low FF combined high BMI (≥25) at NIPS on different
PTB was evaluated by the regression models. The statistical analyses in this study were performed using R (http://www.
R-project.org) and Empower Stats software (X&Y solutions, Boston, MA, USA). A P-value < 0.05 was considered as
statistical significance.

Results
After excluding 876 cases of major pregnancy complications, medical abortion, pre-gestational diseases, fetal malforma-
tion, death and termination, 1521 pregnant women and their singleton pregnancies were eligible for this study. The
incidence of preterm birth, low birthweight, and macrosomia in the study population was 5.06%, 2.89%, and 7.17%,
respectively. Tables 1 and S1 showed the demographic characteristics of the study population according to the different
FF categories, respectively. Significant differences were observed for maternal BMI at NIPS, assisted reproduction, fetal
birthweight, gestational age at delivery, and the incidence of cesarean section and PTB between women with low FF and
those with normal FF (for BMI at NIPS: 24.36 vs 22.35, P <0.001; for assisted reproduction: 11.84% vs 5.56%, P <0.05;
for gestational age at delivery: 38.16 vs 38.76 week, P <0.01; for fetal birthweight: 3205 vs 3370 g, P <0.05; for cesarean
section: 60.53% vs 48.43%, P <0.05; for PTB: 10.53% vs 4.75%, P <0.05) (Table 1). In addition, gestational age at NIPS
was significantly increased between FF categories (121.62 vs 123.61 vs 126.25 day, P <0.05) (Table S1).

The distribution of maternal plasma FF at NIPS grouped by PTB and full-term birth (FTB) was presented in Table 2.
Compared to FTB women, PTB women had lower plasma FF at NIPS (median FF: 10.09% vs 11.12%, P < 0.05). With
increasing quartile of FF at NIPS, the gestational age at delivery increased by 0.27, 0.29, and 0.28 weeks (Table 3).
Compared to women with normal FF (≥ the 5th and ≤ the 95th percentiles), the risk of PTB in those with low FF (< 5th

percentile) significantly increased by 2.23-fold (95% CI: 1.01–4.98; P < 0.05) (Table 4). In addition, low FF increased
the LBW risk in the crude models (OR: 4.15, 95% CI: 1.77, 9.76, P < 0.01), but the increase was not significant in the
adjusted models (OR: 3.31, 95% CI: 0.73, 14.93, P = 0.120). For the combined effect of FF and BMI at NIPS on PTB,
when compared to women with normal FF and BMI <25 at NIPS, the risk of PTB and early PTB (<34 week) was
remarkably significantly higher among those with low FF and BMI ≥25 (for PTB: adjusted OR: 3.2, 95% CI: 1.06–9.64,
P < 0.05; for early PTB: adjusted OR: 6.29, 95% CI: 1.71–23.15, P < 0.01) (Table 5). No significant association of low
FF at NIPS with late PTB (34–36 week) was observed in both the crude and adjusted models.
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Discussion
There were several interesting findings from this observational cohort study of uncomplicated pregnant women. First,
with increasing FF quartile at NIPS from Q2 to Q4, the gestational age at delivery increased by 0.27 weeks, 0.29 weeks,
and 0.28 weeks. Second, when compared to women with normal FF (≥ the 5th and ≤ the 95th percentiles) in the second
trimester, women with low FF (< the 5th percentile) had a 2.25-fold increased risk of PTB. Third, women with low FF
and high BMI (≥25) at NIPS had a 6.29-fold greater risk of early PTB compared to those with normal FF and BMI <25.

PTB is a common perinatal complication affecting a large number of pregnancies. Jing et al conducted a meta-
analysis of 24,039,084 births from China and noted that the incidence of PTB has steadily risen from 5.36% in 1990–
1994 to 7.04% in 2015–2016.1 The rate of PTB in this study was 5.06%, and lower than their report. The decline was
possibly due to excluding a significant number of complicated pregnancies (670 cases). Women with pregnancy
complications have a high likelihood of PTB. For example, ICP and PE are associated with increased rate of
PTB.18,19 Previous studies demonstrated that the incidence of PTB in study populations who underwent serum screening

Table 1 The Difference in Maternal Characteristics and Neonatal Outcomes Between Low and Normal Fetal
Fraction of Cell Free DNA at Non-Invasive Prenatal Screening

FF at NIPS (%) P value

Low (<P5, N=76) Normal (P5-P95, N=1368)

Maternal age at delivery (years) 30.34 ± 4.69 30.40 ± 4.50 0.841
<35 60 (78.95%) 1064 (78.78%) 0.811

≥35 16 (21.05%) 304 (22.22%)

BMI at NIPS (kg/m2) 24.36 ± 3.23 22.35 ± 2.93 <0.001
<25 46 (60.53%) 1137 (83.11%) <0.001

≥25 30 (39.47%) 231 (16.89%)

Gestational age at NIPS (day) 121.62 ± 10.63 123.61 ± 11.36 0.136
Gestational age at delivery (week) 38.16 ± 2.01 38.76 ± 1.53 0.003

Gravidity

<3 53 (69.74%) 897 (65.57%) 0.456
≥3 23 (30.26%) 471 (34.43%)

Parity

No child 38 (50.00%) 724 (52.92%) 0.619
≥1 child 38 (50.00%) 644 (47.08%)

Assisted reproduction 9 (11.84%) 76 (5.56%) 0.023

Delivery mode
Vaginal delivery 30 (39.47%) 700 (51.17%) 0.047

Cesarean section 46 (60.53%) 668 (48.83%)

PTB 8 (10.53%) 65 (4.75%) 0.025
Fetal birth weight (gram) 3205 (3010–3603) 3370 (3100–3650) 0.048

<2500 7 (9.21%) 33 (2.41%) 0.002

2500–4000 63 (82.89%) 1234 (90.20%)
>4000 6 (7.89%) 101 (7.38%)

Note: Data were presented as median (interquartile range), mean ± standard deviation or number (percentage).
Abbreviations: FF, fetal fractions; NIPS, non-invasive prenatal screening; P, percentile; BMI, body mass index; PTB, pre-term birth.

Table 2 The Distribution of Fetal Fraction of Cell Free DNA at Non-Invasive Prenatal Screening According to
the Subsequent Preterm Birth and Full-Term Birth

N P5 P10 P25 Median P75 P90 P95 P value

FTB 1444 5.43 6.60 8.45 11.12 13.74 16.31 18.67 0.046

PTB 77 4.55 5.26 7.42 10.09 12.75 16.08 18.02

Abbreviations: P, percentile; PTB, preterm birth; FTB; full-term birth.
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for Down’s syndrome or NIPS is significantly higher in women with ICP or PE compared to those with non-pregnancy
complications (NPC) (for serum screening: PE/ICP vs NPC, 20.6% /7.0% vs 3.1%; for NIPS: PE/ICP vs NPC, 15.4% /
7.7% vs 3.3%). In addition, as suggested by a recent cohort study on the association between maternal thyroid hormone
in late pregnancy and adverse birth outcomes, the rate of PTB in 11,564 Chinese pregnant women including those with
major pregnancy complications was 6.9%, close to 7.0%.20 Furthermore, PTB rate differs by regions in China, among
which East China shows a lower PTB rate.1 A low PTB rate in the East may be related to a higher socioeconomic
status.21 The present study was conducted in Changzhou City, one of the developed areas in East China.

Table 3 Regression Coefficients for Fetal Birthweight and Gestational Age Associated with the Quartiles
of Fetal Fraction of Cell Free DNA at Non-Invasive Prenatal Screening

FF Quartiles (%) Gestational Age at Delivery (Weeks)a Birth Weight (g)b

β (95% CI) P value β (95% CI) P value

Unadjusted
< 8.40 Ref. Ref.

8.40–11.07 0.30 (0.08, 0.52) 0.008 26.00 (−39.31, 91.31) 0.435

11.08–13.70 0.34 (0.11, 0.56) 0.003 1.22 (−64.14, 66.58) 0.971
> 13.70 0.32 (0.09, 0.54) 0.005 −15.85 (−81.08, 49.38) 0.634

P for trend 0.008 0.475

8.40–13.70 Ref. Ref.
< 8.40 −0.32 (−0.51, −0.13) 0.001 −13.63 (−70.19, 42.94) 0.637

> 13.70 0.00 (−0.19, 0.19) 0.979 −29.48 (−85.95, 26.99) 0.306

Adjusted
< 8.40 Ref. Ref.

8.40–11.07 0.25 (0.03, 0.48) 0.028 5.18 (−48.02, 58.37) 0.849

11.08–13.70 0.28 (0.05, 0.51) 0.018 10.65 (−43.51, 64.81) 0.700
> 13.70 0.29 (0.05, 0.52) 0.016 2.54 (−52.63, 57.70) 0.928

P for trend 0.024 0.906

8.40–13.70 Ref. Ref.
< 8.40 −0.26 (−0.46, −0.07) 0.009 −7.81 (−54.47, 38.85) 0.743

> 13.70 0.02 (−0.17, 0.22) 0.829 −5.46 (−51.61, 40.70) 0.817

Notes: aAdjusted for maternal age, body mass index and gestational age at non-invasive prenatal screening, gravidity, parity and assisted
reproduction. bAdditionally adjusted for gestational age at delivery.
Abbreviations: FF, fetal fractions; CI, confidence interval.

Table 4 Association Between Low Fetal Fraction of Cell Free DNA at Non-Invasive Prenatal Screening
and Adverse Birth Outcomes

FF Category PTBa LBWb Macrosomiab

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Unadjusted
FF ≥ P5-95 Ref. Ref. Ref.

FF < P5 2.36 (1.09, 5.11) 0.030 4.15 (1.77, 9.76) 0.001 1.16 (0.49, 2.75) 0.730

FF > P95 1.10 (0.39, 3.10) 0.859 2.11 (0.73, 6.11) 0.170 0.34 (0.08, 1.42) 0.141
Adjusted

FF ≥ P5-95 Ref. Ref. Ref.

FF < P5 2.23 (1.01, 4.98) 0.047 2.57 (0.42, 15.65) 0.306 1.07 (0.43, 2.65) 0.882
FF > P95 1.10 (0.38, 3.17) 0.856 4.47 (0.81, 24.62) 0.086 0.56 (0.13, 2.41) 0.439

Notes: aAdjusted for maternal age, body mass index and gestational age at non-invasive prenatal screening, gravidity, parity and assisted
reproduction. bAdditionally adjusted for gestational age at delivery.
Abbreviations: FF, fetal fractions; PTB, preterm birth; LBW, low birthweight; OR, odds ratio; CI, confidence interval.
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Over the past ten years, the importance of FF at NIPS has been highlighted by clinical practice. Sufficient FF (>%4)
is an important threshold to avoid a non-reportable result in NIPS. Some reports have demonstrated that FF is related to
maternal and fetal characteristics and indirectly reflects early placental status.22–29 Others have suggested that low FF
at NIPS may provide early information on placental dysfunction and is therefore associated with unfavorable
pregnancy outcomes, specifically with hypertensive disease of pregnancy and fetal growth restriction.9,10,17,30–34 An
association with PTB is unclear, as limited studies reported conflicting results. A retrospective cohort study from
Philadelphia indicated that among NIPS women, a high FF level (>95th percentile) at 14–20 weeks gestation but not at
10–14 weeks, is related to an increased risk of PTB.6 Shook et al in Boston reported a similar finding, confirming that
high FF at <14 weeks gestation is not associated with PTB.16 In addition, results from three other cohort studies from
China and France indicated that high FF levels (>95th percentile and/or >90th percentile) at the second trimester of
pregnancy are not associated with an increased risk of PTB.7–9 Several recent studies have examined potential low FF-
associated alterations in PTB.9,10,33 In Atlanta, Krishna et al suggested that PTB is more frequent in pregnancy with
a low FF result (<4%) on NIPS.10 A recent study from China demonstrated that a low FF (< the 10th percentile) is
associated with an increased risk of early PTB (< 34 weeks gestation).9 Conversely, data obtained by Gerson et al in
Boston suggest that low FF (< the 25th percentile) in the first or second trimester is not associated with PTB.33 Our
results suggest that higher FF levels at NIPS increase the gestational age at delivery and lower FF levels (< the 5th

percentile) are positively associated with the risk of PTB for uncomplicated pregnancy (adjusted OR: 2.23, 95% CI:
1.01–4.98). This discrepancy might be due to sample sizes, racial origin, the timing of NIPS, and cut-off criteria for
defining low FF. A significantly negative association has been demonstrated of FF at NIPS with South Asian racial and
Afro-Caribbean origin; the prevalence of PTB varies by maternal race/ethnicity.24,35,36 Gestational age of the partici-
pants at NIPS has been shown to be a key factor affecting FF.37 In our study, FF was positively correlated with
gestational age at NIPS. A previous study indicated that measurement of FF in maternal plasma at 11–13 weeks
gestation is not predictive of PTB.35

Table 5 Combined Effect of Low Fetal Fraction of Cell Free DNA and High BMI at Non-Invasive Prenatal Screening on Subsequent
Preterm Birth

PTBa Early–PTBa Late–PTBa

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Unadjusted
FF ≥ P5-95 and BMI <25 Ref. Ref. Ref.

FF < P5 and BMI <25 1.97 (0.68, 5.69) 0.212 1.35 (0.18, 10.29) 0.768 2.32 (0.69, 7.89) 0.176

FF ≥ P5-95 and BMI ≥25 1.25 (0.67, 2.33) 0.486 0.79 (0.23, 2.69) 0.705 1.51 (0.73, 3.12) 0.261
FF < P5 and BMI ≥25 3.18 (1.07, 9.44) 0.037 6.52 (1.82, 23.42) 0.004 1.25 (0.16, 9.50) 0.828

FF > P95 and BMI <25 1.16 (0.41, 3.31) 0.776 1.59 (0.36, 6.97) 0.537 0.92 (0.22, 3.90) 0.906

FF ≥ P5-95 and BMI ≥25 1.25 (0.67, 2.33) 0.486 0.79 (0.23, 2.69) 0.705 1.51 (0.73, 3.12) 0.261
FF > P95 and BMI ≥25b ̷ ̷ ̷ ̷ ̷ ̷

Adjusted

FF ≥ P5-95 and BMI <25 Ref. Ref. Ref.
FF <P5 and BMI <25 2.02 (0.69, 5.89) 0.198 1.28 (0.17, 9.88) 0.810 2.44 (0.71, 8.38) 0.157

FF ≥ P5-95 and BMI ≥25 1.20 (0.63, 2.26) 0.582 0.85 (0.24, 2.92) 0.790 1.35 (0.64, 2.84) 0.430

FF <P5 and BMI ≥25 3.20 (1.06, 9.64) 0.039 6.29 (1.71, 23.15) 0.006 1.28 (0.17, 9.89) 0.811
FF > P95 and BMI <25 1.11 (0.39, 3.19) 0.845 1.39 (0.31, 6.14) 0.664 0.91 (0.21, 3.93) 0.903

FF ≥ P5-95 and BMI ≥25 1.16 (0.61, 2.20) 0.652 0.81 (0.23, 2.81) 0.741 1.33 (0.63, 2.79) 0.458

FF > P95 and BMI ≥25b ̷ ̷ ̷ ̷ ̷ ̷

Notes: aAdjusted for maternal age, gestational age at non-invasive prenatal screening, gravidity, parity and assisted reproduction. bThe sample size in this group was too small
to analyze.
Abbreviations: FF, fetal fractions; BMI, body mass index; PTB, preterm birth; OR, odds ratio; CI, confidence interval.
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Increased BMI is correlated to adverse obstetric outcomes, although the underlying mechanism of this correlation has
not been fully clarified.38 In the present study, we found that maternal BMI at NIPS significantly decreases with the
elevation of FF categories (24.36 vs 22.35 vs 20.66). It is compatible with the findings of previous NIPS studies in
Chinese Han Populations.7,9,29 Obese women often have various alterations in metabolic profile (turnover of adipocytes,
increased blood volume, and vascular apoptosis), which will lead to an increased release of maternal derived cfDNA into
the circulation and result in a dilution for the fixed amount of FF.39,40 Our findings indicated that women with low FF and
high BMI at NIPS had a 6.29-fold greater risk of early PTB compared to those with normal FF and BMI. Therefore, for
pregnant women with elevated BMI at NIPS, medical staff should pay more attention to the FF at NIPS, and provide
better perinatal care for those with low FF due to the high risk of early PTB.

Several strengths of this observational study included the following: 1) the exclusion of participants with major
pregnancy complications or pre-existing disease, which were the main confounding factors affecting birth outcomes, 2)
the same diagnostic criteria for various pregnancy complications and birth outcomes, and minimal variation in prenatal
care because of the cohort from a single institution, 3) the determination of FF in a single laboratory using the same
platform and settings to minimize the differences caused by NIPS, and 4) adjusting for the available confounders
including maternal age, BMI and gestational age at NIPS, gravidity, parity, and assisted reproduction. This cohort study’s
limitations should also be taken into consideration. One was the lack of data on other maternal demographic character-
istics (maternal socioeconomic, educational status, and history of PTB) contributing to a high risk of PTB; because of the
retrospective observational design, we have no data on whether the pregnant women at high risk of PTB received
glucocorticoids medication, which may affect gestational age at delivery. Another was that the relationship between the
FF in early, late pregnancy and PTB risk was not investigated due to the retrospective design.

Conclusion
Our study demonstrates that a low FF in the second trimester of pregnancy significantly increases a risk of PTB,
especially in women with high BMI at NIPS for uncomplicated singleton pregnancy. It is necessary to conduct
a longitudinal prospective cohort study to explore the fluctuation of low FF during normal pregnancy and complicated
pregnancies and its association with PTB.

Abbreviations
FF, fetal fraction; NIPS, non-invasive prenatal screening; PTB, preterm birth; BMI, body mass index; cffDNA, cell-free
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