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ABSTRACT Objective: Non-invasive prenatal testing (NIPT) and fetal fraction (FF) are shown to be affected by various factors like ma-
ternal characteristics or medications. Recently medications are now undergoing evaluation as influencing factors. Still no data are presented
on the relation between levothyroxine, NIPT and FF results. The study’s aim is to assess the effect of levothyroxine sodium on the FF. Ma-
terial and Methods: This retrospective case control study was conducted with medical records of pregnant women who underwent NIPT be-
tween 2016-2020 at our institution. Women with multiple gestation, body-mass index >25, abnormal fetal karyotype, pregnancy with assisted
reproductive techniques, those without FF report and non-euthyroid patients were excluded. The pregnant euthyroid women included in the
study were divided into two groups: using and not using levothyroxine. Maternal characteristics, FF of the NIPT, TSH, FT4 values and levothy-
roxine dosing were noted and compared between the two groups. Results: Data were collected from 51 pregnant women using levothyroxine
and 102 pregnant women who did not. There was no difference in demographic characteristics, also no significant difference was shown in
TSH and FT4 between the groups (p=0.180, p=0.920). The mean FF level in pregnant women using levothyroxine is lower, but the situation
did not reach statistical significance (p=0.070). Conclusion: The knowledge of relation between FF and medications is largely based on very
limited data. This is the first report of assessing levothyroxine effect on FF percentage in NIPT. Levothyroxine sodium was not confirmed to
be associated with any significant change in the FF.
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Non-invasive prenatal testing (NIPT) uses cell- of all cfDNA in maternal blood, which originated
free fetal DNA (cfDNA) that is shown in the maternal from the fetal-placental unit. Fetal-placental cfDNA
circulation, and presumed to originate from the tro- can be isolated in maternal blood from 5 weeks of

phoblasts. It was first identified by Lo et al., and used gestation.” However, FF is in fact very low before 10
to indicate the Y chromosome to diagnose fetal sex.' weeks. The concentration of fetal cfDNA increases
The source of fetal cfDNA in the maternal circulation slightly between 10 and 20 weeks of gestational age
is thought to be mainly apoptosis of placental cells and then increases until term.* Sufficient amount of
(syncytiotrophoblast) and secondarily fetal cell traffic cfDNA -approximately 3 to 4%- must be existent for
across the placenta. However, maternal hematopoietic the correct test results.

cells are the source of most maternal ¢fDNA.* FF is a trend topic recently. Still it should be

Circulating cfDNA was observed to be highly carefully interpreted for NIPT results. FF percentage
fragmented. The fetal fraction (FF) is the percentage  is shown to be affected by various factors such as ges-
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tational age, sample collection, maternal weight, fetal
karyotype, medications, conception with assisted re-
production, and multiple gestation.’”

Maternal thyroid hormones have a strong influ-
ence on pregnancy, particularly on the placenta, and
they are involved in the proliferation, survival func-
tions of trophoblastic cells.® Also in vitro results con-
firm that both thyroid hormone deficiency or excess
may compromise trophoblastic cell function.” Thy-
roid hypo-function is observed to affect fetoplacental
unit growth, distorting the decidualization, vascular-
ization, and development of the placenta, increasing
apoptosis, and reducing the proliferation of tro-
phoblasts.” Accordingly, it is suggested that FF per-
centage may be altered in the pregnant women with
levothyroxine intake. This study assesses the effect
of levothyroxine sodium on the FF of a NIPT.

MATERIAL AND METHODS

A retrospective case control study was conducted on
pregnant women who underwent NIPT between 2016
and 2020 in the institution which is designated as
NIPT testing, as almost 3,000 patients tested annu-
ally. The exposed group included the females who
were receiving oral levothyroxine sodium before the
pregnancy and at the time of the testing. The control
group was defined as the pregnant women who were
not receiving any medication. Women with multiple
gestation, body mass index (BMI)>25, abnormal fetal
karyotype, pregnancy with assisted reproductive
techniques, those without FF report and non-euthy-
roid pregnant were excluded. Gestational age was de-
termined from the measurement of the crown-rump
length (CRL) of the fetus, which was performed just
before NIPT and thyroid stimulating hormone (TSH),
FT4 sampling. If a woman had more than one preg-
nancy during the research period, only the first one
was included in the study. Maternal characteristics
(age, gestational age, BMI, smoking status, gravida,
parity), FF as reported (%), and levothyroxine sodium
dosing were noted from the NIPT registry form. All
parameters like ultrasonography, NIPT, TSH and
FT4 results were recruited from the hospital’s com-
puter based data. Parameters were compared between
the groups.
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In the perinatology clinic, NIPT indications of
the patients were determined as the following: ad-
vanced maternal age (=35 years), combined trisomy
21 risk between 1/300 and 1/1,000 or sole biochem-
ical risk more than 1/1,000 with normal fetal nuchal
translucency (NT) in the first trimester screening, one
fetal soft marker on ultrasonography for trisomy 21.

Patients’ venous blood samples were collected
in streck tubes and studied in the MiSeq NGS (Illu-
mina, U.S.) platform and NextSeq (Illumina, U.S.).
After plasma isolation and storing are achieved, the
workflow was performed according to the recom-
mendations of the producer (Clarigo™, CE-IVD
Marked, Multiplicom, Belgium). Cloud based “Clar-
igo Reporter, the Initial Version (Multiplicom, Bel-
gium)” software was used for data analysis. The
bioinformatic analysis was based on the correlation of
samples which are studied under the same conditions.
Having FF 4% or over and at least 2 M reads per sam-
ple is required. The cases with a FF 4% or over and
Z-score above 3.5 and the trisomy evidence is 0.5 or
over are automatically called positive for the related
trisomy and the cases with Z-score lower 3.5 and the
trisomy evidence -2 or lower are called negative. Low
FF results are obtained and manual studies are needed
on those. NIPT procedure and associated data analy-
sis set up used were as previously reported by Koc et
al.!” Euthyroid defines pregnant women with normal
thyroid functions. First and second trimester-specific
intervals were defined as; TSH: 0.005-3.65 and 0.01-
3.63 mIU/L, FT4: 0.72-1.79 and 0.71-1.26 ng/dL in
Turkish pregnant women.!! TSH, free T4 levels were
measured with chemiluminescent method by using
an Immulite 2000 otoanalyzer (Immulite XPi,
Siemens, Germany).

The local institutional review board approved
this study (date: January 25, 2021, no: 2021/01-06).
This study was performed consistent with the Decla-
ration of Helsinki ethical principles. Shapiro-Wilk
test was used for normality tests, box plot and his-
togram were used as graphical methods. Mann-Whit-
ney U test for ordinal or continuous variables was
performed. Variables were summarized using mean,
standard deviation, median and percentiles. Spear-
man’s correlation coefficient was used to assess the
correlation between the variables. A p value of
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p<0.05 was considered as statistically significant.
Statistical analyses were conducted using the SPSS
(SPSS Inc, Chicago IL).

RESULTS

Of 10,275 performed tests; duplicate data, pregnant
women with multiple gestation, BMI>25, pregnancy
with assisted reproductive techniques, abnormal fetal
karyotype and no report of FF and non-euthyroid pa-
tients were excluded. From 1,039 patients left, 51 of
them were left using levothyroxine and 900 without
when missing data were excluded. Randomized sam-
pling was performed using SPSS in the control group.
Finally, 51 pregnant women with levothyroxine
sodium intake and 102 pregnant women without were
analyzed. Characteristics of the pregnant women, FF
and TSH are presented in Table 1.

No significant difference was shown in the ma-
ternal age, gestational age, BMI, gravida and parity
between the groups (p=0.060, p=0.953, p=0.771,
p=0.587, p=0.672 respectively). One percent (n=1)
of the pregnant women in the control group and 2%
(n=1) of the pregnant women in the medication group
were smokers (p=1.000). In the control group, 100%
and in the case group 82% (n=42) of the pregnant
were euthyroid.

No significant difference was shown in FF% be-
tween the groups (7.6% vs 8.3% p=0.070). Addition-
ally, no significant difference was shown in TSH and
FT4 levels between the patients (p=0.180, p=0.920)
(Table 1). The mean levothyroxine dose was
65.194£39.07 mcg (minimum-maximum: 25-175).

No correlation was found between levothyroxine
dose and FF (rho=-0.175, p=0.219). Also, no cor-
relation was reported between TSH and the FF
(rho=0.050, p=0.538) in pregnant women with
levothyroxine intake.

DISCUSSION

NIPT depending on FF is a widely used aneuploidy
screening test in pregnancy. Several factors influ-
ence the FF. In this research, it was suggested that
levothyroxine use could affect FF%, however no
significant difference was observed between the pa-
tients with and without levothyroxine use. Further-
more, no correlation was recognized between FF%
and levothyroxine dose. This is the first report as-
sessing levothyroxine sodium effect on FF percent-
age in NIPT.

FF is defined as the percentage of total maternal
plasma cfDNA. Accordingly, maternal plasma
cfDNA contains both maternal and fetal origins of
cfDNA. However, what we call the fetal DNA is fun-
damentally placental.!> The typical FF threshold for
an adequate result is between 2% and 4%.'* While
higher FF means greater detection rates of aneuploid
and euploid pregnancies, lower FF can be interpreted
as decreased detection or no result. Besides the high
cost, higher sequencing depths can be used to com-
pensate for very low FFs.!

Studies have shown that gestational changes in
patients with hypothyroidism result in disturbed pla-
cental development, with reduced proliferation and
increased apoptosis of trophoblastic cells through

TABLE 1: Maternal characteristics, FF and TSH of the pregnant women with and without an intake of levothyroxine.
Pregnant using levothyroxine sodium (n=51) Pregnant not using levothyroxine sodium (n=102)
X£SD (minimum-maximum)  Median (25p-75p) X£SD (minimum-maximum)  Median (25p-75p) P*
Maternal age (years) 35,3746,73 (16-47) 36 (33-40) 34,1545,21 (20-43) 36 (31-38) 0,060
Gestational age (week) 14,8+2,89 (11-22) 14 (13-15) 14,28+2,04 (10-22) 14 (13-15) 0,953
BMI (kg/m?) 22,25%1,39 (20-24) 22 (21-24) 22,17+1,44 (19-24) 22 (21-23,25) 0,771
Gravida 1,66+0,84 (1-4) 1(1-2) 1,80+1,00 (1-4) 1(1-3) 0,587
Parity 0,62+0,77 (0-2) 0(0-1) 0,71+0,87 (0-3) 0(0-1) 0,672
FF (%) 7,67+4,91 (2,9-29,7) 6,1(5-9,1) 8,37+3,93 (3,5-22) 7,95 (5,27-10,42) 0,070
TSH (mIU/L) 2,14+1,10 (0,06-3,64) 2,41 (1,34-3,25) 1,95+0,84 (0,17-3,47) 1,91 (1,34-2,62) 0,180
FT4 (ng/dL) 0,87+0,20 (0,66-1,78) 0,83 (0,75-0,94) 0,86+0,47 (0,71-1,25) 0,84 (0,73-0,96) 0,920

*Mann-Whitney U test; FF: Fetal fraction; TSH: Thyroid stimulating hormone; SD: Standard deviation; BMI: Body mass index.
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modifications in the endocrine, immune, and angio-
genic profiles at the maternal-fetal interface.”> While
hyperthyroidism can alter placental morphogenesis
and increase the proliferative activity, inflammatory
environment of hypothyroid individuals affects the
process of trophoblastic actions.®? In the study as-
sessing rats treated with L-thyroxine, the authors ob-
served that an improved anti-inflammatory course
may result in an increase in the FF.’

Documented maternal and fetal influences on FF
could be grouped as positive and negative correlation
and no effect. While increased gestational age, CRL,
and fetal trisomy 21 are positively associated, nega-
tively correlated factors can be listed as maternal
weight, maternal BMI, maternal blood volume, mul-
tiple pregnancy, fetal mosaicism, fetal trisomy 18, tri-
somy 13, digynic triploid pregnancy and preexisting
hypertension, ethnic origin.'® Also, no relevance was
observed between FF and maternal age, fetal sex, NT
measurement, and preexisting diabetes mellitus.'®
There is still considerable ambiguity between the FF%
ranges, that can lead to exploration trimester, BMI,
ethnic, or any other factor-specific FF percentages.

Rare maternal medications have been studied.
Low-molecular-weight heparin (LMWH) is the first
drug reported to have an adverse effect on NIPT.!”
They reported an unusually high proportion of small
DNA fragments while underlying mechanism is un-
known. These findings are consistent with a recent
case report observing a low FF while using LMWH
and hypothesized reduction trophoblast apoptosis.'®
Nevertheless, others have shown acetyl salycillic acid
or heparin did not affect FF."” The same study stated
metformin might be correlated with lower FF." Al-
though metformin was shown to reduce the secretions
leading to proliferation and metabolism, medication
was not found directly associated with the FF. Another
repeated failed NIPT in a woman with an autoimmune
disease case demonstrated the patient taking acetyl
salycillic acid, prednisolone, and LMWH.? Still, low
FF in the patient could be due to the disease itself
rather than medications. Intravenous immunoglobulin
was also observed not to be associated with FF.?!

This study’s findings showed that even with a
levothyroxine intake, TSH rates were not higher than
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those of the other group; nevertheless, they were
mostly in the reference ranges. The lack of statistical
significance of the study is presumably secondary to
small sample size and other undocumented factors
that could affect trophoblastic actions leading dis-
solve any expected effects. It is hypothesized that
levothyroxine use could affect FF%; however no sig-
nificant difference was observed between the patients
with and without levothyroxine use. Furthermore, no
correlation was recognized between FF% and
levothyroxine dose. Thus, clinicians should not raise
any concern about the timing of the test or any altered
results in patients with levothyroxine sodium use. Yet
considering limited data on the specific subject, our
results will provide new insight for health profes-
sionals.

CONCLUSION

The knowledge of relation between FF and medica-
tions is largely based on very limited data. This is the
first report of assessing levothyroxine sodium effect
on FF percentage in NIPT. Levothyroxine sodium
was not confirmed to be associated with any signifi-
cant change in the FF.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Design and Consept: Alperi Ileri, Suna Yildirim Karaca; Data
Collection: Alper lleri, Suna Yildirim Karaca, Hande Ileri, Hakan
Goélbasi; Analysis and Interpretation: Alper Ileri, Hande Ileri;
Literature Review: Hande Ileri; Writing Manuscript: Alper Ileri,
Suna Yildirim Karaca, Hande Ileri, Hakan Golbasi, Allam Giilsah
Sahingoz Yildirim, Yasar Bekir Kutbay, Altug Kog, Mehmet
Ozeren; Critical Review: Altug Kog, Mehmet Ozeren.



Alper ILERI et al.

JCOG. 2022;32(3):106-10

REFERENCES

Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL, Redman CW, et
al. Presence of fetal DNA in maternal plasma and serum. Lancet.
1997,350(9076):485-7. [Crossref] [PubMed]

Sekizawa A, Samura O, Zhen DK, Falco V, Farina A, Bianchi DW. Apop-
tosis in fetal nucleated erythrocytes circulating in maternal blood. Prenat
Diagn. 2000;20(11):886-9. [Crossref] [PubMed]

Guibert J, Benachi A, Grebille AG, Ernault P, Zorn JR, Costa JM. Kinet-
ics of SRY gene appearance in maternal serum: detection by real time
PCR in early pregnancy after assisted reproductive technique. Hum Re-
prod. 2003;18(8):1733-6. [Crossref] [PubMed]

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. [Crossref] [PubMed]

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 con-
sequences for test accuracy. J Matern Fetal Neonatal Med.
2018;31(14):1865-72. [Crossref] [PubMed]

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. [Crossref] [PubMed]

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

Silva JF, Ocarino NM, Serakides R. Thyroid hormones and female re-
production. Biol Reprod. 2018;99(5):907-21. [Crossref] [PubMed]

Silva JF, Ocarino NM, Serakides R. Maternal thyroid dysfunction affects
placental profile of inflammatory mediators and the intrauterine tro-
phoblast migration kinetics. Reproduction. 2014;147(6):803-16. [Cross-
ref] [PubMed]

. Koc A, Ozer Kaya O, Ozyilmaz B, Kutbay YB, Kirbiyik O, Ozdemir TR,

et al. Targeted fetal cell-free DNA screening for aneuploidies in 4,594
pregnancies: Single center study. Mol Genet Genomic Med.
2019;7(7):e00678. [Crossref] [PubMed] [PMC]

. Bulur O, Atak Z, Ertugrul DT, Beyan E, Gunakan E, Karakaya S, et al.

Trimester-specific reference intervals of thyroid function tests in Turkish
pregnants. Gynecol Endocrinol. 2020;36(5):413-6. [Crossref] [PubMed]

110

12.

20.

21.

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

. Taglauer ES, Wilkins-Haug L, Bianchi DW. Review: cell-free fetal DNA

in the maternal circulation as an indication of placental health and dis-
ease. Placenta. 2014;35 Suppl(Suppl):S64-8. [Crossref] [PubMed]
[PMC]

. 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
plasma and their implications for noninvasive prenatal testing. Prenat
Diagn. 2015;35(8):816-22. [Crossref] [PubMed]

. Silva JF, Ocarino NM, Serakides R. Placental angiogenic and hormonal

factors are affected by thyroid hormones in rats. Pathol Res Pract.
2015;211(3):226-34. [Crossref] [PubMed]

. Hui L. Noninvasive prenatal testing for aneuploidy using cell-free DNA -

New implications for maternal health. Obstet Med. 2016;9(4):148-52.
[Crossref] [PubMed] [PMC]

. Gromminger S, Erkan S, Schock U, Stangier K, Bonnet J, Schloo R, et

al. The influence of low molecular weight heparin medication on plasma
DNA in pregnant women. Prenat Diagn. 2015;35(11):1155-7. [Crossref]
[PubMed]

. Ma GC, Wu WJ, Lee MH, Lin YS, Chen M. Low-molecular-weight he-

parin associated with reduced fetal fraction and subsequent false-neg-
ative cell-free DNA test result for trisomy 21. Ultrasound Obstet Gynecol.
2018;51(2):276-7. [Crossref] [PubMed]

. Kuhlmann-Capek M, Chiossi G, Singh P, Monsivais L, Lozovyy V, Gal-

lagher 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.
[Crossref] [PubMed]

Hui CY, Tan WC, Tan EL, Tan LK. Repeated failed non-invasive prena-
tal testing in a woman with immune thrombocytopenia and antiphos-
pholipid  syndrome: lessons learnt. BMJ Case Rep.
2016;2016:bcr2016216593. [Crossref] [PubMed] [PMC]

Hui L, Pertile M, Tassone M, Bruno D. Minimal impact of maternal intra-
venous immunoglobulin infusion on cell-free DNA sequencing for fetal
aneuploidy. Ultrasound Obstet Gynecol. 2016;48(2):250. [Crossref]
[PubMed]


https://www.sciencedirect.com/science/article/abs/pii/S0140673697021740?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/9274585/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/1097-0223(200011)20:11%3C886::AID-PD942%3E3.0.CO;2-4
https://pubmed.ncbi.nlm.nih.gov/11113889/
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deg320
https://pubmed.ncbi.nlm.nih.gov/12871892/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.4119
https://pubmed.ncbi.nlm.nih.gov/23553731/
https://www.tandfonline.com/doi/full/10.1080/14767058.2017.1330881
https://pubmed.ncbi.nlm.nih.gov/28514925/
https://academic.oup.com/humrep/article/33/4/572/4859693
https://pubmed.ncbi.nlm.nih.gov/29462319/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.12331
https://pubmed.ncbi.nlm.nih.gov/23108725/
https://academic.oup.com/biolreprod/article/99/5/907/4995900
https://pubmed.ncbi.nlm.nih.gov/29767691/
https://rep.bioscientifica.com/view/journals/rep/147/6/803.xml
https://rep.bioscientifica.com/view/journals/rep/147/6/803.xml
https://pubmed.ncbi.nlm.nih.gov/24534949/
https://onlinelibrary.wiley.com/doi/10.1002/mgg3.678
https://pubmed.ncbi.nlm.nih.gov/31070015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6625369/
https://www.tandfonline.com/doi/full/10.1080/09513590.2019.1666817
https://pubmed.ncbi.nlm.nih.gov/31532263/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.5620
https://pubmed.ncbi.nlm.nih.gov/31821597/
https://www.sciencedirect.com/science/article/abs/pii/S0143400413008345?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24388429/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886648/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.4625
https://pubmed.ncbi.nlm.nih.gov/26013964/
https://www.sciencedirect.com/science/article/abs/pii/S034403381400315X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25499719/
https://journals.sagepub.com/doi/10.1177/1753495X16652007
https://pubmed.ncbi.nlm.nih.gov/27829872/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5089342/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.4668
https://pubmed.ncbi.nlm.nih.gov/26248743/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.17473
https://pubmed.ncbi.nlm.nih.gov/28337808/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/pd.5436
https://pubmed.ncbi.nlm.nih.gov/30740743/
https://casereports.bmj.com/content/2016/bcr-2016-216593
https://pubmed.ncbi.nlm.nih.gov/27920020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5174759/
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.15803
https://pubmed.ncbi.nlm.nih.gov/26643390/

