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Abstract

Background: Noninvasive prenatal testing (NIPT) serves as a screening method to assess the risk of chromosomal abnormalities
in the fetus, including trisomy 18, 21, and 13. The reliability and success of this test are influenced by the proportion of circulating
cell-free DNA obtained from the feto-placental unit, known as the fetal fraction (FF).
Objectives: Our study aims to investigate the fetal and maternal factors affecting FF.
Methods: Our research involved 1 150 patients referred for NIPT due to various reasons such as maternal age over 35, high-risk
screening tests in the first or second trimester, history of trisomy in previous pregnancies, or patient request. Patients completed a
questionnaire providing variables including maternal and fetal age, body mass index (BMI), smoking status, multiple pregnancies,
and medication use such as Heparin or enoxaparin. Noninvasive prenatal testing was conducted on blood samples using Ion proton
technology by Premaitha of the UK. The results, including fetal sex, trisomy risk, fetal fraction, and abnormal sex chromosomes, were
analyzed using IBM SPSS 27 to assess the relationship between FF percentage and other variables.
Results: The study included 1150 NIPT cases, with maternal ages ranging from 13 to 48 years, BMI from 15 to 70, and gestational age
from 10 to 27 weeks. Among these, 96.4% were singleton pregnancies and 3.6% were twin pregnancies. Spontaneous pregnancies
accounted for 88.9%, while 9.2% were IVF and 1.2% were IUI. Fetal sex distribution was 45.9% female and 54.1% male. FF ranged from
4% to 20.7%, with a mean FF of 11.07. No significant correlation was found between maternal age, fetal age, maternal BMI, trisomies,
and FF.
Conclusions: We can see that maternal age has no significant correlation with the fetal fraction. Although fetal age increases, the
fetal fraction does too, but this increase was not significant. Body mass index, the route of pregnancy, and the sex of the fetus had
no effect on FF. Despite NIPS being safer and yielding better results, other factors can still influence the outcomes of NIPS. Therefore,
this test remains a screening tool, and clinical counseling should be conducted both before and after the test.
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1. Background

Noninvasive prenatal testing (NIPT) serves as a
screening technique to determine the risk of a fetus being
born with chromosomal abnormalities such as trisomy
21, 18, and 13. It analyzes small DNA fragments circulating
in the blood of pregnant women, known as cell-free DNA
(cfDNA), which are not within cells and are free-floating
(1). Consequently, cell-free fetal DNA )cffDNA( is considered
a potentially valuable source of fetal genetic material
for NIPT. The global adoption of NIPT for chromosomal

aneuploidy screening has increased as pregnant women
seek safer prenatal screening options (2).

CffDNA has emerged as a promising molecular
biomarker utilized in various aspects of obstetrical
research, particularly in complex pregnancies and
prenatal diagnosis (3). The proportion of circulating
cffDNA obtained from the fetoplacental unit, known
as fetal fraction (FF), correlates with the reliability
and success of test interpretation. Lower FF levels are
sometimes associated with certain fetal disorders, leading

Copyright © 2024, Jentashapir Journal of Cellular and Molecular Biology. This open-access article is available under the Creative Commons Attribution-NonCommercial 4.0
(CC BY-NC 4.0) International License (https://creativecommons.org/licenses/by-nc/4.0/), which allows for the copying and redistribution of the material only for
noncommercial purposes, provided that the original work is properly cited.

https://doi.org/10.5812/jjcmb-145025
https://crossmark.crossref.org/dialog/?doi=10.5812/jjcmb-145025&domain=pdf
https://orcid.org/0009-0006-7031-2343
https://orcid.org/0000-0002-0680-3942
https://orcid.org/0009-0006-1006-5424
https://orcid.org/0000-0001-6281-4809
https://orcid.org/0000-0002-6295-127X


Uncorrected Proof

Amirgholami B et al.

to noninformative results (4).
While maternal age and other factors for aneuploidy

may influence the performance of prenatal screening
methods using cfDNA, there was no significant trend
observed between maternal age and FF, particularly in
groups with specific chromosomal abnormalities (5).
However, aside from gestational age and maternal age,
this study suggested that body mass index (BMI) could be
associated with FF levels in different trisomic pregnancies
undergoing NIPT. BMI, calculated using weight and
height, may provide more descriptive information about
maternal physiological conditions than weight alone (3).

If the levels of these DNA fragments fall below a certain
threshold, the value of the cell-free DNA test diminishes.

2. Objectives

The aim of our study is to investigate the maternal
and fetal factors affecting fetal fraction to determine
whether NIPT should take precedence over other maternal
screening tests or if influencing factors make the results
of cfDNA less reliable, thereby suggesting alternative
diagnostic tests.

3. Methods

Our research involved 1150 patients referred for
non-invasive prenatal testing (NIPT) for various reasons,
such as maternal age over 35, high-risk screening tests in
the first or second trimester, history of trisomy in previous
pregnancies, or patient request. Patients completed a
questionnaire with variables including maternal and
fetal age, BMI, smoking status, multiple pregnancies,
and medication use such as Heparin or enoxaparin. NIPT
was performed on blood samples using the Ion Proton
platform by Premaitha of the UK. Results, including fetal
sex, risk of trisomies, fetal fraction, and abnormal sex
chromosomes, were entered into IBM SPSS 27 for analysis.
The relationship between fetal fraction percentage and
other variables was examined.

4. Results

A total of 1 150 cases underwent NIPT for this study.
Maternal ages ranged from 13 to 48 years (Table 1), with
BMIs ranging from 15 to 70. Gestational ages varied from 10
to 27 weeks. Of these cases, 96.4% (1 109) involved singleton
pregnancies, while 3.6% (41) were twin pregnancies. In
88.9% of cases, pregnancies were spontaneous, 9.2% were
via IVF, and 1.2% were via IUI. Fetal sex distribution was

Table 1. Age Distribution of Cases

Age No. (%) Cumulative Percent

13 - 25 142 (12.3) 12.4

26 - 35 509 (44.3) 56.5

36 - 45 485 (42.2) 98.8

45 < 14 (1.2) 100.0

Total system 1150 (100)

45.9% female and 54.1% male. Fetal fraction ranged from
4% to 20.7%, with a mean of 11.07.

Among patients aged 13 - 25 years, comprising 12.3%
of cases, the mean fetal fraction was 11.01% ± 2.3. The
maximum was 20.3%, and the minimum was 4.46%. In the
26 - 35 age group (44% of cases, 506 patients), the mean
fetal fraction was 11.09% ± 2.29, with a maximum of 20.7%
and a minimum of 4.47%. For patients aged 36 - 45 (42.3%
of cases), the mean fetal fraction was 10.9% ± 2.25, with a
maximum of 20.33% and a minimum of 3.84%. Thirteen
cases were over 45 years old, with a mean fetal fraction of
10.39% ± 2.85, a maximum of 15.9%, and a minimum of 5.6%.

While the mean fetal fraction did not significantly
differ among the four age groups, the lowest mean fetal
fraction was observed in the over 45 years old group
(Figure 1).

The BMI of 3.5 percent of the cases was under 20, 40.7%
were between 25 to 30, and 7% of the subjects were over 35
(Figure 2).

The mean of BMI < 20 was 11.07% ± 2.09 (min: 5.09%,
max = 15.37);

The mean of BMI 20 - 25 was 11.04% ± 2.31 (min: 4.7%,
max: 20.7%);

The mean of BMI 26 - 30 was 11.11% ± 2.26 (min: 4.46%,
max: 17.26%);

The mean of BMI 31 - 35 was 10.7% ± 2.3 (min: 3.8%, max:
17.94%);

The mean of BMI > 35 was 10.99% ± 2.1 (min: 4.47%, max:
17.26%).

Although the mean FF was lower in the over 35 BMI
group, it is not statistically significant.

In 93.7% (1 066) of the cases, samples were taken under
18 weeks. 6.3% (72) were sampled between 18 to 27 weeks.
Under 13 weeks, the mean FF was 10.98 ± 2.33 (min: 3.84,
max: 20.7), between 13 - 18 weeks the mean FF was 11.02 ±
2.22 (min: 4.46, max: 20.33), and between 18 - 27 weeks the
mean FF was 10.99 ± 2.3 (min: 4.47, max: 17.21) (Figure 3).

Because most of the cases were tested under 18 weeks
(due to Iranian government law regarding abortion), the
comparison was not very accurate, but between these
groups, the difference was not statistically significant.
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Figure 1. Age distribution to fetal fraction.
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Figure 2. BMI distribution to fetal fraction.

Of the 1 150 cases that underwent NIPT for this study, 1
109 (96.4%) were singleton pregnancies and 41 (3.6%) (Table
2) were twin pregnancies, which had a mean FF of 10.48.
This is not significantly different from the mean FF in all
cases (11.07).

45.9% of fetuses were female with a mean FF of 10.98,
and 54.1% were male with a mean FF of 11.02, which was not
significantly different.

Trisomy 21 was recorded in 8 cases (0.7%), trisomy 18 in
2 cases (0.2%), and trisomy 13 in 1 case (0.1%) (Table 3).

Table 2. Twin and Singleton Prevalence Correlation to Fetal Fraction

Variables No. (%) Mean FF Cumulative Percent

Twin 41 (3.6) 10.48 100.0

Single 1109 (96.4) 11.83

Total 1150 (100)

The mean FF in trisomies was 10.65 ± 2.08, with a Max of
14.66 and Min of 8.4, whereas in normal fetuses, the mean
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Figure 3. Fetal age distribution to fetal fraction.

Table 3. Variant of Trisomy

Variables No. (%) Cumulative Percent

Trisomy 13 1 (0.1) 9.1

Trisomy 18 2 (0.2) 27.3

Trisomy 21 8 (0.7) 100.0

Total 11 (1.0)

No trisomy 1139 (99.0)

Total 1150 (100)

FF was 11 ± 2.28, with a Max of 20.7 and Min of 3.8 (Figure 4).
In 89.6% of cases, pregnancy was spontaneous, 9.2%

were IVF, and 1.2% were IUI (Table 4).

Table 4. Prevalence of ART and Spontaneous Pregnancies

Variables No. (%) Cumulative Percent

Natural 1030 (89.6) 89.6

IVF 106 (9.2) 98.8

IUI 14 (1.2) 100.0

Total 1150 (100)

The mean FF in the IVF group was 10.65, which was not
significantly different.

5. Discussion

The factors considered in our study were BMI,
maternal age, fetal age, maternal weight, and abnormal
chromosomes. Regarding smoking and medication, the

information provided by patients was incomplete and
therefore removed from the analysis.

An analysis of 13 661 maternal plasmas for non-invasive
prenatal screening by Hou et al. showed that an increase
in BMI has a reverse effect on FF (3), but in our research,
BMI had no significant effect. The study conducted
by Burns and co-workers also indicated that obesity
significantly decreased FF, consistent with findings on
the association between anticoagulation therapy and
maternal characteristics (6).

Scott et al. found that BMI and gestational age were
significant factors, but our study did not replicate these
results (7). Similarly, according to a study by Palomaki
and co-workers, some fetal disorders such as trisomy
were associated with systematically lower FF, leading to
non-informative results (4). However, in our study, there
was no significant difference in FF between trisomy and
normal groups.

Hedriana et al.’s study showed that the contribution of
individual FF from each fetus in DZ twins was on average
32% lower than in singletons (8). In twin pregnancies, the
FF of cfDNA reduces with Black race, obesity, treatment
with LMWH, ASA, and CHTN, and increases with GA. IVF and
obesity are linked to an increase in the chance of cfDNA test
failure (9). 3.6% of our cases were twin pregnancies, and we
did not find a significant difference.

According to Creswell and co-workers, IVF and high
BMI are highly implicated in reduced FF compared to fetal
aneuploidy. However, repeating NIPT yields a result in
more than 70% of cases (10), which contrasts with our
study findings.
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Figure 4. Variant of trisomy to fetal fraction.

In a review article by Deng C, it was found that
cffDNA in maternal plasma forms the basis of NIPS.
Fetal fraction is crucial for NIPS quality control, and
understanding FF variations is essential for accurate NIPS
results. Laboratory staff and genetic counselors play
a significant role in ensuring accurate NIPS results by
considering fetal-placental characteristics, experimental
factors, maternal characteristics, and calculation methods
(11).

5.1. Conclusions

In this research, the data demonstrate the effects of
our variables (age, sex, etc.) on the fetal fraction by
conducting NIPS. We observe that maternal age has no
significant correlation with the fetal fraction, while fetal
age increases the fetal fraction, although insignificantly.
BMI, pregnancy route, and fetal sex had no effect on FF.
Despite NIPS being safer and yielding better results, other
factors can influence the outcomes, making it crucial to
consider NIPS as a screening test, and counseling should be
provided clinically both before and after the test. Although
our variables were not significant, the priority of the test
remains unchanged. Physicians and consultants should
be well-versed in the protocols and have a comprehensive

understanding of the complexities of NIPS, particularly
considering maternal conditions that might affect the
results.

Footnotes

Authors’ Contribution: Study design, S.M.; analysis
and interpretation of data, B.A.; study supervision, H.G.;
consultant, G.S.; acquisition of data, R.S.

Conflict of Interests: No funding or research support
to report. No fees or personal interests. Sara Masihi is
the mother of Behdad Amirgholami and the aunt of Reza
Samie.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Funding/Support: The authors declared no
funding/support.

References

1. Skrzypek H, Hui L. Noninvasive prenatal testing for fetal aneuploidy
and single gene disorders. Best Pract Res Clin Obstet Gynaecol.
2017;42:26–38. [PubMed ID: 28342726]. https://doi.org/10.1016/j.
bpobgyn.2017.02.007.

Jentashapir J Cell Mol Biol. 2024; 15(1):e145025. 5

http://www.ncbi.nlm.nih.gov/pubmed/28342726
https://doi.org/10.1016/j.bpobgyn.2017.02.007
https://doi.org/10.1016/j.bpobgyn.2017.02.007


Uncorrected Proof

Amirgholami B et al.

2. Bianchi DW, Chiu RWK. Sequencing of Circulating Cell-free
DNA during Pregnancy. N Engl J Med. 2018;379(5):464–73.
[PubMed ID: 30067923]. [PubMed Central ID: PMC10123508].
https://doi.org/10.1056/NEJMra1705345.

3. 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. [PubMed ID: 31801621]. [PubMed Central
ID: PMC6894209]. https://doi.org/10.1186/s40246-019-0244-0.

4. Palomaki GE, Kloza EM, Lambert-Messerlian GM, van den Boom D,
Ehrich M, Deciu C, et al. Circulating cell free DNA testing: are
some test failures informative? Prenat Diagn. 2015;35(3):289–93.
[PubMed ID: 25449554]. https://doi.org/10.1002/pd.4541.

5. Yu B, Lu BY, Zhang B, Zhang XQ, Chen YP, Zhou Q, et al. Overall
evaluation of the clinical value of prenatal screening for fetal-free
DNA in maternal blood. Medicine (Baltimore). 2017;96(27). e7114.
[PubMed ID: 28682865]. [PubMed Central ID: PMC5502138]. https://
doi.org/10.1097/MD.0000000000007114.

6. Burns W, Koelper N, Barberio A, Deagostino-Kelly M, Mennuti M,
Sammel MD, et al. The association between anticoagulation therapy,
maternal characteristics, and a failed cfDNA test due to a low
fetal fraction. Prenat Diagn. 2017;37(11):1125–9. [PubMed ID: 28881030].
https://doi.org/10.1002/pd.5152.

7. Scott FP, Menezes M, Palma-Dias R, Nisbet D, Schluter P,
da Silva Costa F, et al. Factors affecting cell-free DNA fetal
fraction and the consequences for test accuracy. J Matern
Fetal Neonatal Med. 2018;31(14):1865–72. [PubMed ID: 28514925].
https://doi.org/10.1080/14767058.2017.1330881.

8. 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. [PubMed ID: 31711265]. [PubMed Central ID:
PMC7027570]. https://doi.org/10.1002/pd.5609.

9. Dugoff L, Koelper NC, Chasen ST, Russo ML, Roman AS, Limaye MA, et
al. Factors that affect cell-free DNA fetal fraction in twin gestations.
American Journal of Obstetrics and Gynecology. 2022;226(1):S437–8.
https://doi.org/10.1016/j.ajog.2021.11.728.

10. Creswell L, Doddy F, Manning C, Nazir SF, Lindow SW, Lynch C,
et al. Cell free DNA screening for fetal aneuploidy in Ireland: An
observational study of outcomes following insufficient fetal fraction.
Eur JObstetGynecolReprodBiol. 2023;290:143–9. [PubMed ID: 37797414].
https://doi.org/10.1016/j.ejogrb.2023.09.023.

11. Deng C, Liu S. Factors Affecting the Fetal Fraction in Noninvasive
Prenatal Screening: A Review. Front Pediatr. 2022;10:812781.
[PubMed ID: 35155308]. [PubMed Central ID: PMC8829468].
https://doi.org/10.3389/fped.2022.812781.

6 Jentashapir J Cell Mol Biol. 2024; 15(1):e145025.

http://www.ncbi.nlm.nih.gov/pubmed/30067923
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10123508
https://doi.org/10.1056/NEJMra1705345
http://www.ncbi.nlm.nih.gov/pubmed/31801621
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6894209
https://doi.org/10.1186/s40246-019-0244-0
http://www.ncbi.nlm.nih.gov/pubmed/25449554
https://doi.org/10.1002/pd.4541
http://www.ncbi.nlm.nih.gov/pubmed/28682865
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5502138
https://doi.org/10.1097/MD.0000000000007114
https://doi.org/10.1097/MD.0000000000007114
http://www.ncbi.nlm.nih.gov/pubmed/28881030
https://doi.org/10.1002/pd.5152
http://www.ncbi.nlm.nih.gov/pubmed/28514925
https://doi.org/10.1080/14767058.2017.1330881
http://www.ncbi.nlm.nih.gov/pubmed/31711265
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7027570
https://doi.org/10.1002/pd.5609
https://doi.org/10.1016/j.ajog.2021.11.728
http://www.ncbi.nlm.nih.gov/pubmed/37797414
https://doi.org/10.1016/j.ejogrb.2023.09.023
http://www.ncbi.nlm.nih.gov/pubmed/35155308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8829468
https://doi.org/10.3389/fped.2022.812781

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Table 2
	Table 3
	Figure 4
	Table 4

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Availability: 
	Funding/Support: 

	References

