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Introduction

Nuchal translucency (NT) is the normal fluid-filled 
subcutaneous space identified at the back of the fetal neck 
during the late first trimester and early second trimester(1). 
NT is one of the parameters of first trimester screening tests 

for trisomies 21, 18 and 13(2), and an increased NT is thought 
to be related to dilated lymphatic channels and is considered 
a nonspecific sign of a more generalized fetal abnormality(3). 
Fetuses with an increased NT are at increased risk of 
chromosomal anomalies, structural defects, and genetic 
syndromes(4,5).

Öz
Amaç: Yenidoğan iyilik hali ve doğum kilosu ile ense kalınlığı (NT) değerleri arasındaki ilişkiyi değerlendirmek
Gereç ve Yöntemler: Bu retrospektif kohort çalışma 2016-2018 yılları arasında bir üniversite hastanesinde takipli; sağlıklı, miadında ve tekil yenidoğan 
ile sonuçlanan 508 gebeliği kapsamaktadır. NT-ortalamanın kat (MoM) değerleri ile maternal vücut kitle indeksi, doğum kilosu, cinsiyet, bebek yoğun 
bakım (NICU) ihtiyacı ve APGAR skorları değerlendirildi. Benzer şekilde ilk trimesterda da doğum kilosu, NT-MoM ve biyokimyasal data değerlendirildi.
Bulgular: NT ve doğum kilosu arasında pozitif korelasyon saptandı (p<0,001). NT değerleri arttıkça APGAR 5. dakika skorları değişmezken (p=0,057); 1. 
dakika skorlarının düştüğü (p=0,001) ve NICU ihtiyacının arttığı saptandı (p=0,001).
Sonuç: Bu çalışmada, birinci trimester NT ile doğum kilosu arasında pozitif korelasyon, yenidoğan iyilik hali ile negative korelasyon saptandı.
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Abstract

Objective: To evaluate the relationship between nuchal translucency (NT) values with birthweight and the wellbeing of the newborn. 
Materials and Methods: This retrospective cohort study that included 508 patients made use of data on healthy full-term, singleton, live birth newborns 
in a university hospital between 2016 and 2018. The relationship between the NT multiple of the median (MoM) value and maternal body mass index, 
birthweight, sex, need for neonatal intensive care unit (NICU), and APGAR scores was evaluated. Similarly, the relationship between birthweight and NT 
MoM, and biochemical data in the first trimester was also evaluated. 
Results: There was a positive correlation between NT and birthweight (p<0.001). The need for NICU admission increased (p=0.001), and APGAR 1st 

minute scores decreased (p=0.001) with increasing NT, and APGAR 5th minute scores remained unchanged (p=0.057).
Conclusion: The present study identified a positive correlation between first trimester NT and birthweight, and a negative correlation with the wellbeing 
of the neonate.
Keywords: Nuchal translucency, birthweight, APGAR score, fetal development
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Recent studies have reported that despite increased NT in the 
first trimester in fetuses with normal karyotypes, no problem 
will be experienced in the long term if ultrasonographic 
(USG) scans show normal findings in the second trimester; 
however, there is an increased probability of adverse 
pregnancy outcomes(6,7). Although noninvasive prenatal 
diagnosis tests have largely replaced first-trimester screening 
tests, the measurement of NT in the first trimester will always 
maintain importance. A future protocol is considered to 
involve USG screening in the second trimester, directed by 
the noninvasive prenatal tests and NT measurements in the 
first trimester(8). 
Although there are ongoing studies in literature attempting 
to determine cut-off values for NT in healthy fetuses with no 
chromosomal anomalies, researchers have also noticed that 
NT values vary depending on race and fetal development(9-12). 
It is now thought that differences in fetal body measurements, 
even NT, can be observed from the first trimester onwards(13).
The present study investigated whether NT values measured 
in the first trimester varied such as other measurements 
regarding the body or if it indicated adverse pregnancy 
events. To this end, the study investigated the relationship 
between NT values with birthweight and the wellbeing of the 
newborn. 

Materials and Methods

This retrospective cohort study made use of data on healthy 
full-term, singleton, live birth newborns in a university 
hospital between 2016 and 2018. The study included 508 
patients for whom postnatal and first trimester screening 
test findings were available. Newborns with congenital 
anomalies or systemic diseases diagnosed in the intrauterine 
or postpartum period, and those underwent karyotype 
analysis for any reason during pregnancy or postpartum 
and who were found to have an abnormal karyotype were 
excluded from the study. Patients with indefinite last 
menstrual periods and those with USG measurements that 
were inconsistent with the last menstrual period, in vitro 
fertilization (IVF) patients, patients who received exogenous 
progesterone in the first trimester, multiple pregnancies, 
patients delivering their babies before 37 weeks of gestation, 
newborns with known intrauterine viral infections, patients 
with preeclampsia/eclampsia, and diabetic mothers were 
also excluded from the study. The maternal age, height, 
weight, data on previous pregnancies, crown-rump-length 
measurements (mm), pregnancy-associated plasma protein A 
multiples of median (PAPP-A MoM) values, free beta human 
chorionic gonadotropin (hCG) MoM values, and NT MoM 
values were used for abnormal karyotype screening tests in 
the first trimester, maternal weight gain, newborn’s APGAR 
scores, need for neonatal intensive care unit (NICU), sex, and 
birthweight of those involved in the study were recorded. The 
relationship between the NT MoM values and maternal body 

mass index (BMI), birthweight, sex, and APGAR scores was 
evaluated. Similarly, the relationship between birthweight 
and NT MoM and biochemical data in the first trimester was 
also evaluated. 

Statistical Analysis

All statistical analyses were performed using SPSS for 
Windows 11.5 software program (SPSS Inc., Chicago, IL). 
Compatibility of data with normal distribution was examined 
graphically and using the Kolmogorov-Smirnov test. Mean ± 
standard deviation and median (min-max) were used for the 
quantitative variables, an numbers (percentage) were used 
as descriptors for categorical variables in the study. When to 
look whether there was a statistically significant difference 
between the categories of a qualitative variable with two 
categories in terms of a quantitative variable, Student’s t-test 
was used if the normal distribution assumption was met; if 
not, Mann-Whitney U test was used. The chi-square test was 
used to examine the relationship between two categorical 
variables. Covariance analysis (ANCOVA) was used to see 
whether one or more continuous independent parameters 
had any impact on the dependent parameter. Receiver 
operating charcteristics curve analysis was used to find the 
discriminative factors between the groups. Significance level 
was set at p=0.05.

Results 

The study included 508 subjects, the demographic 
characteristics of whom and the parameters evaluated in the 
study are presented in Table 1. 
Of these subjects, 25 (4.9%) were current smokers. The nasal 
bone could not be visualized in 22 subjects (4.3%). Of the 
newborns, 267 (52.5%) were male and 241 (47.4%) were 
female. Of the 21 (4.1%) babies that were required to be 
admitted to the NICU, 15 (71.4%) had respiratory problems 
and five (23.8%) had other system problems (gastrointestinal, 
cardiovascular); four babies (0.7%) died in the neonatal 
period. 
Multiple linear regression analysis was performed to evaluate 
the relationship between NT MoM values and maternal BMI, 
and the parameters of the newborn (Table 2). In the multiple 
linear regression model: NT MoM: 0.687+0.001 * newborn’s 
weight + 0.503 * need for NICU + (-0.025) * newborn’s 
APGAR 1 min, and the p values for the variables were <0.001, 
<0.001, and 0.015, respectively. When the variables were 
incorporated into the model together, they accounted for 
15.6% of the variance in the NT MoM variable.
Linear regression analysis was made to evaluate the 
relationship between newborn weight with maternal 
parameters and NT MoM (Table 3). In the multiple linear 
regression model: newborn weight: 2896.277 + 16.031 * 
weight gain + (-331.941) * smoking + 248.250 * Nt MoM, and 
the p values for the variables were 0.003, 0.001, and <0.001, 
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Table 1. Demographic data, parameters related to the pregnancy and the newborn

Variables n Mean ± SD
Median
(Min-Max)

Maternal Age (year) 508 30.18±5.07 30.00 (17.00-44.00)

Pregestational BMI (kg/m2 ) 508 26.53±5.14 25.78 (12.54-44.53)

Number of previous pregnancies 507 2.27±1.42 2.00 (1.00-8.00)

Number of previous livebirths 297 0.86±1.06 1.00 (0.00-7.00)

Number of previous pregnancy losses 293 0.38±0.77 0.00 (0.00-5.00)

Gestational week at screening 503 12.18±0.69 12.20 (11.00-13.85)

CRL (mm) 508 59.83±9.56 59.20 (45.00-84.00)

PAPP-A MoM 505 1.21±0.84 1.05 (0.17-7.59)

Free beta hCG MoM 503 1.20±0.80 1.05 (0.14-6.00)

NT MoM 508 0.86±0.32 0.82 (0.50-2.15)

Maternal weight-gain in pregnancy (kg) 502 10.83±4.31 10.00 (5.00-33.00)

APGAR min 1 499 8.58±1.37 9.00 (3.00-9.00)

APGAR min 5 503 9.65±1.51 10.00 (2.00-10.00)

Gestational week at birth 508 39.±2.23 38.20 (37.00-42.00)

Birthweight (g) 508 3240.56±505.43 3235.00 (1625.00-4850.00)

SD: Standard deviation, Min: Minimum, Max: Maximum, BMI: Body mass index, CRL: Crown-rump-length, PAPP-A: Pregnancy-associated plasma protein A, MoM: Multiples of median, 
hCG: Human chorionic gonadotropin, NT: Nuchal translucency

Table 2. Nuchal translucency MoM-when the variables are included in the model one at a time

Independent Variables β S.E. R2 p value
95% Confidence interval

Lower limit Upper limit

Newborn’s weight 0.001 0.001 0.038 <0.001 0.001 0.002

Need for NICU 0.580 0.074 0.113 <0.001 0.435 0.725

Fetal sex -0.048 0.029 0.006 0.097 -0.105 0.009

Newborn’s Apgar 1 min -0.042 0.010 0.034 <0.001 -0.062 -0.022

Newborn’s Apgar 5 min -0.019 0.009 0.008 0.057 -0.037 -0.001

BMI 0.002 0.003 0.001 0.440 -0.003 0.008

MoM: Multiples of median, NICU: Neonatal intensive care unit, BMI: Body mass index

Table 3. Newborn’s Weight-when the variables were included in the model one at a time

Independent variables β S.E. R2 p value
95% Confidence interval

Lower limit Upper limit

Age 1.204 4.507 0.001 0.789 -7.651 10.059

Number of previous pregnancies 7.961 30.490 0.001 0.794 -52.049 67.971

Weight gain 17.201 5.023 0.027 0.001 7.327 27.076

Smoking -335.883 108.009 0.021 0.002 -548.135 -123.632

BMI 5.785 4.578 0.003 0.207 -3.210 14.780

PAPP-A MoM 13.460 26.788 0.001 0.616 -39.171 66.092

Free beta hCG MoM -7.023 28.434 0.001 0.805 -62.891 48.844

NT MoM 310.047 70.918 0.038 <0.001 170.703 449.391

BMI: Body mass index, PAPP-A: Pregnancy-associated plasma protein A, MoM: Multiples of median, hCG: Human chorionic gonadotropin, NT: Nuchal translucency
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respectively. When these variables were incorporated into the 
model together, they accounted for 9.2% of the variance in 
the newborn weight.
The variables were added individually to the model in a 
logistic regression analysis performed to evaluate the effects 
of maternal and fetal factors on the need for admission to the 
NICU (Table 4). The logistic regression model was statistically 
significant (p<0.001), and explained 30.4% (Nagelkerke R2) 
of the variance in the need for NICU, and accurately classified 
96.7% of patients. Increasing maternal age and NT MoM were 
associated with an increase in the likelihood of requiring 
admission to the NICU.

Discussion

The present study evaluates the relationship between NT in 
the first trimester and newborn weight, and found a significant 
positive correlation between the two. The study also evaluates 
the relationship between NT in the first trimester and the 
wellbeing of the newborn, and found that an increase in NT 
was associated with an increase in the need for admission to 
the NICU and a decrease in the APGAR 1st minute score. 
It is currently acknowledged in the literature that variations 
in fetal weight occur from the first trimester onwards, rather 
than the traditionally accepted second half of the second 
trimester, fetal measurements other than NT have been 
used in these studies(13-16). Studies in the literature have 
linked increased first trimester NT to adverse pregnancy 
outcomes after being linked initially to fetal birthweight over 
complications accruing during pregnancy. Krantz et al.(17) 
showed that PAPP-A and increased NT could be associated 
with adverse pregnancy outcomes, and particularly with 
intrauterine growth retardation (IUGR)(17), and another study 
suggested that increased NT together with impaired glucose 
intolerance could reflect fetal macrosomia(18).
In later years, studies began to report an association between 
NT and birthweight in the absence of adverse pregnancy 
outcomes. In a study of the non-diabetic population, it 
was shown that an increased first trimester NT was linked 

to large-for-gestational-age (LGA) neonates(19). In a study 
published in 2017 by Hackmon et al.(20), it was reported that 
early fetal measurements and NT were correlated with term 
birthweight(20). Given that previous studies faced problems in 
accurately determining gestational age, this study involved 
IVF patients so as to ensure the accuracy of gestational age.
The present study established a positive association between 
first trimester NT and birthweight, although our study includes 
non-IVF patients. Some studies in literature demonstrated 
increased NT with the use of exogenous progesterone in the 
first trimester(21,22), and it is widely known that progesterone is 
used in the luteal phase and the first trimester as a worldwide 
standard procedure in IVF patients(23,24). Accordingly, the 
current study population was selected from non-IVF patients 
and those who did not use progesterone in the first trimester. 
For an accurate determination of gestational age, patients 
with a last menstrual period that was consistent with USG 
measurements were selected.
Plasencia et al.(25) reported an association between birthweight 
and NT, serum PAPP-A, beta hCG, and uterine artery Doppler 
PI measurements, and suggested that these findings could 
lead to the early recognition of LGA infants. The present 
study did not include Doppler USG findings; however, we 
identified no association between parameters other than NT 
(PAPP-A and beta hCG) and birthweight.
The findings of the present study identified no relationship 
between NT and fetal sex, although there have been studies 
in literature in which such a relationship was demonstrated. 
Spencer et al. reported that NT was 3.4% lower in female 
fetuses(26), whereas Weismann-Brenner et al. (27), in contrast, 
found that NT was higher in the male sex, and that the 
correlation between NT and birthweight was independent of 
sex. Such a relationship could not be reliably established in 
the present study due to the small number of participants.
Aside from its relationship with NT, the present study 
identified a positive correlation between birthweight and 
maternal weight gain, and a negative correlation with 
smoking, and both of these findings are consistent with 
literature(28-30).

Table 4. Need for NICU-When the variables are included in the model one at a time

Independent variables
(reference category)

β S.E. OR p value
95% Confidence interval

Lower limit Upper limit

PAPP-A MoM 0.260 0.206 1.297 0.206 0.867 1.940

Free beta hCG MoM -0.031 0.316 0.970 0.923 0.522 1.802

Fetal sex (male) 0.476 0.501 1.610 0.342 0.602 4.300

Smoking (no) 0.988 0.785 2.686 0.208 0.576 12.517

Maternal age 0.126 0.052 1.135 0.015 1.025 1.257

Gravida -0.263 0.357 0.769 0.462 0.382 1.547

NT MoM 4.047 0.683 57.198 <0.001* 15.003 218.064

*p<0.05 statistical significance, NICU: Neonatal intensive care unit, OR: Odds ratio, PAPP-A: Pregnancy-associated plasma protein A, MoM: Multiples of median, hCG: Human chorionic 
gonadotropin, NT: Nuchal translucency

Kalem et al. NT and birthweight, Neonatal Wellbeing Association



39

Turk J Obstet Gynecol 2019;16:35-40

In the present study, it was observed that the need for NICU 
admission increased and APGAR 1st minute scores decreased 
with increasing NT, but APGAR 5th minute scores remained 
unchanged. Previous studies suggest that if U scans in the 
second trimester and afterwards are normal in babies with 
increased first trimester NT and normal karyotypes, there 
will be no adverse outcome in the long term, although 
there is an increased likelihood of adverse pregnancy 
outcomes(6,7,31). Studies have also shown that the long-term 
neurodevelopmental outcome of children after increased fetal 
NT is reassuring(32).
The APGAR 5-minute score is also a good indicator of a 
long-term neurodevelopmental outcome(33), and its lack of 
variance to NT in the present study is an expected finding. 
The APGAR 1st minute score determines how well the baby 
tolerated the birthing process(34), and the relationship between 
increased NT and the APGAR 1st minute score identified in 
the present study suggests that babies with increased NT may 
have poorly tolerated the birthing process. This indicates 
that a relationship may exist between increased NT and 
placental insufficiency. In a recently published study, Lee et 
al. (35) evaluated the relationship between NT and placental 
dysfunction and reported higher first trimester NT in babies 
exhibiting signs of placental insufficiency, although this was 
not statistically demonstrated. It would seem that this topic 
deserves further comprehensive research.
The increased need for NICU admission with increasing 
NT values in the present study indicates that placental 
insufficiency develops and tolerance to the birthing process 
decreases with increasing NT MoM values. Our study has 
demonstrated two factors that affect the need for NICU 
admission, namely increasing maternal age and increasing 
NT. It is, however, unknown whether a relationship exists 
between increasing maternal age and increasing NT in babies 
with normal karyotypes. The increasing rate of miscarriage 
with increasing maternal age complicates a joint evaluation 
of these two factors, but it is clear that this area merits more 
comprehensive research.
Studies in the literature have reported an increased likelihood 
of submicroscopic chromosomal abnormalities in fetuses 
with increased NT and normal karyotypes, and that this could 
cause structural defects in the second and third trimesters. The 
placenta may be affected by these microscopic chromosomal 
abnormalities, and accordingly, may cause adverse pregnancy 
outcomes such as preeclampsia and IUGR(36). 
The present study is the first in the literature to investigate 
the relationship between the first trimester NT MoM values 
of healthy newborns with both the birthweight and the 
wellbeing of the newborns. The most important limitation of 
the current study is that no karyotype analysis was available 
for all of the newborns in the study. Furthermore, no long-
term data related to the newborns in the study were included, 
other than the neonatal period. The retrospective nature, the 

lack of details for the indications of NICU admission, and 
lack of a retrospective power analysis also limits of this study.
In conclusion, the present study identified a positive 
correlation between first trimester NT and birthweight, and 
a negative correlation with the wellbeing of the neonate. A 
number of studies in literature have aimed at determining 
cut-off levels for NT; these studies should take into account 
the variations in NT values. It is not yet understood whether 
different NT values indicate a variation in fetal development 
or an adverse perinatal outcome, and so further studies are 
required to clarify this issue.

Ethics

Ethics Committee Approval: The study was approved by Liv 
Hospital Ankara (approval no: 2017/2-003).
Informed Consent: Retrospective study. 
Peer-review: External and internal peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Z.K., A.E.K., Concept: 
Z.K., M.N.K., A.E.K., Design: Z.K., B.B., Data Collection 
or Processing: A.E.K., B.B., Analysis or Interpretation: B.B., 
M.N.K., Literature Search: Z.K., A.E.K.
Writing: Z.K., M.N.K.
Conflict of Interest: No conflict of interest was declared by 
the authors.
Financial Disclosure: The authors declared that this study 
received no financial support.

References

1. Bunduki V, Zugaib M. The Fetus at the First Trimester. In Atlas of 
Fetal Ultrasound 2018 (pp. 15-28). Springer, Cham.

2. Kagan KO, Wright D, Nicolaides KH. First-trimester contingent 
screening for trisomies 21, 18 and 13 by fetal nuchal translucency 
and ductus venosus flow and maternal blood cell-free DNA testing. 
Ultrasound Obstet Gynecol 2015;45:42-7.

3. Burger NB, Bekker MN, Kok E, De Groot CJ, Martin JF, Shou W, et 
al. Increased nuchal translucency origins from abnormal lymphatic 
development and is independent of the presence of a cardiac defect. 
Prenat Diagn 2015;35:1278-86.

4. Taipale P, Hiilesmaa V, Salonen R, Ylöstalo P. Increased nuchal 
translucency as a marker for fetal chromosomal defects. N Engl J 
Med 1997;337:1654-8.

5. Souka AP, Snijders RJ, Novakov A, Soares W, Nicolaides KH. 
Defects and syndromes in chromosomally normal fetuses with 
increased nuchal translucency thickness at 10-14 weeks of gestation. 
Ultrasound Obstet Gynecol 1998;11:391-400.

6. Lithner CU, Kublickas M, Ek S. Pregnancy outcome for fetuses with 
increased nuchal translucency but normal karyotype. J Med Screen 
2016;23:1-6.

7. Äyräs O, Eronen M, Tikkanen M, Rahkola-Soisalo P, Paavonen J, 
Stefanovic V. Long-term outcome in apparently healthy children 
with increased nuchal translucency in the first trimester screening. 
Acta Obstet Gynecol Scand 2016;95:541-6.

8. Lichtenbelt KD, Diemel BD, Koster MP, Manten GT, Siljee J, Schuring-
Blom GH, et al. Detection of fetal chromosomal anomalies: does 

Kalem et al. NT and birthweight, Neonatal Wellbeing Association



40

Turk J Obstet Gynecol 2019;16:35-40

nuchal translucency measurement have added value in the era of 
non-invasive prenatal testing? Prenat Diagn 2015;35:663-8.

9. Maya I, Yacobson S, Kahana S, Yeshaya J, Tenne T, Agmon-Fishman 
I, et al. Cut-off value of nuchal translucency as indication for 
chromosomal microarray analysis. Ultrasound Obstet Gynecol 
2017;50:332-5. 

10. Sharifzadeh M, Adibi A, Kazemi K, Hovsepian S. Normal reference 
range of fetal nuchal translucency thickness in pregnant women in 
the first trimester, one center study. J Res Med Sci 2015;20:969.

11. Huang T, Wang F, Boucher K, O’Donnell A, Rashid S, Summers AM. 
Racial differences in first trimester nuchal translucency. Prenat Diagn 
2007;27:1174-6.

12. Chen M, Lam YH, Tang MH, Lee CP, Sin SY, Tang R, et al. The effect 
of ethnic origin on nuchal translucency at 10-14 weeks of gestation. 
Prenat Diagn 2002;22:576-8.

13. Salomon LJ, Hourrier S, Fanchin R, Ville Y, Rozenberg P. Is 
firsttrimester crown-rump length associated with birthweight?. 
BJOG 2011;118:1223-8.

14. Pardo J, Peled Y, Yogev Y, Melamed N, Ben-Haroush A. Association 
of Crown-Rump Length at 11 to 14 Weeks’ Gestation and Risk of a 
Large-for-Gestational-Age Neonate. J Ultrasound Med 2010;29:1315-
9. 

15. Pardo J, Peled Y, Yogev Y, Melamed N, Ben-Haroush A. Association 
of Crown-rump Length at 11 to 14 Weeks’ Gestation and Risk of a 
Large-for-gestational-age Neonate. J Ultrasound Med 2011;66:10-1.

16. Smith GC, Smith MF, McNay MB, Fleming JE. First-trimester growth 
and the risk of low birth weight. N Engl J Med 1998;339:1817-22.

17. Krantz D, Goetzl L, Simpson JL, Thom E, Zachary J, Hallahan TW, 
et al. Association of extreme first-trimester free human chorionic 
gonadotropin-β, pregnancy-associated plasma protein A, and nuchal 
translucency with intrauterine growth restriction and other adverse 
pregnancy outcomes. Am J Obstet Gynecol 2004;191:1452-8.

18. Kelekci S, Yilmaz B, Savan K, Sonmez S. Can increased nuchal 
translucency in the first trimester of pregnancy predict gestational 
diabetes mellitus. J Obstet Gynaecol 2005;25:579-82.

19. Weissmann-Brenner A, Weisz B, Lerner-Geva L, Gindes L, Achiron R. 
Increased nuchal translucency is associated with large for gestational 
age neonates in singleton pregnancies. J Perinat Med 2011;39:305-9.

20. Hackmon R, Librach C, Burwick R, Rodrigues N, Farine D, Berger 
H. Do Early Fetal Measurements and Nuchal Translucency Correlate 
With Term Birth Weight?. J Obstet Gynaecol Can 2017;399:750-6.

21. Namlı Kalem M, Kalem Z, Bakırarar B, Ergün A, Gürgan T. The effect 
of progesterone use in the first trimester on fetal nuchal translucency. 
J Turk Ger Gynecol Assoc 2018;19: 29.

22. Giorlandino C, Cignini P, Padula F, Giannarelli D, d’Emidio L, 
Aloisi A, et al. Effects of exogenous progesterone on fetal nuchal 
translucency: an observational prospective study. Am J Obstet 
Gynecol 2015;212:335-e1.

23. Griesinger G, Meldrum D. Introduction: Management of the luteal 
phase in assisted reproductive technology. Fertil Steril 2018;109:747-
8.

24. Child T, Leonard SA, Evans JS, Lass A. Systematic review of the 
clinical efficacy of vaginal progesterone for luteal phase support 
in assisted reproductive technology cycles. Reprod Biomed Online 
2018;36:630-45.

25. Plasencia W, González Dávila E, Tetilla V, Padrón Pérez E, García 
Hernández JA, & González Maternal NL. First-trimester screening 
for large-for-gestational-age infants. Ultrasound Obstet Gynecol 
2012;39:389-95.

26. Spencer K, Ong CY, Liao AW, Papademetriou D, Nicolaides KH. The 
influence of fetal sex in screening for trisomy 21 by fetal nuchal 
translucency, maternal serum free β-hCG  and PAPP-A at 10-14 
weeks of gestation. Prenat Diagn 2000;20:673-5.

27. Weissmann-Brenner A, Weisz B, Lerner-Geva L, Gindes L, Achiron R. 
Increased nuchal translucency is associated with large for gestational 
age neonates in singleton pregnancies. J Perinat Med 2011;39:305-9.

28. Siega-Riz AM, Viswanathan M, Moos MK, Deierlein A, Mumford S, 
Knaack J, et al. A systematic review of outcomes of maternal weight 
gain according to the Institute of Medicine recommendations: 
birthweight, fetal growth, and postpartum weight retention. Am J 
Obstet Gynecol 2009;201:339-e1.

29. Kalem MN, Kamalak Z, Kosus N, Kosus A, Kalem Z. Prenatal 
multivitamin supplementation increases birth weight. Int J Reprod 
Contracept Obstet and Gynecol 2017;6:2148-53.

30. Ko TJ, Tsai LY, Chu LC, Yeh SJ, Leung C, Chen CY, et al. Parental 
smoking during pregnancy and its association with low birth weight, 
small for gestational age, and preterm birth offspring: a birth cohort 
study. Pediatr Neonatol 2014;55:20-7.

31. Bakker M, Pajkrt E, Bilardo CM. Increased nuchal translucency with 
normal karyotype and anomaly scan: What next?. Best Pract Res Clin 
Obstet Gynaecol 2014;28:355-66.

32. Äyräs O, Eronen M, Tikkanen M, Rahkola-Soisalo P, Paavonen J, 
Stefanovic V Long-term neurodevelopmental outcome of children 
from euploid pregnancies with increased nuchal translucency in the 
first trimester screening. Prenat Diagn 2015;35:362-9. 

33. Thorngren-Jerneck K, HerbstA. Low 5-minute Apgar score: a 
population-based register study of 1 million term births. Obstet 
Gynecol 2001;98:65-70.

34. Rüdiger M, Braun N, Aranda J, Aguar M, Bergert R, Bystricka, et al. 
(2015). Neonatal assessment in the delivery room-Trial to Evaluate a 
Specified Type of Apgar (TEST-Apgar). BMC pediatrics 2015;15:18.

35. Lee H, Han S, Lee Y, Kim S. The correlation of nuchal translucency 
and maternal serum aneuploidy markers with placental dysfunction. 
Ultrasound in Obstetrics & Gynecology 2017;50:335-335. EP16.13. 
36. Yang X, Li R, Fu F, Zhang Y, Li D, Liao C. Submicroscopic 
chromosomal abnormalities in fetuses with increased nuchal 
translucency and normal karyotype. J Matern Fetal Neonatal Med 
2017;30:194-8.

36. Yang X, Li R, Fu F, Zhang Y, Li D, Liao C. Submicroscopic chromosomal 
abnormalities in fetuses with increased nuchal translucency and 
normal karyotype. J Matern Fetal Neonatal Med 2017;30:194-8.

Kalem et al. NT and birthweight, Neonatal Wellbeing Association


