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Introduction

Since the birth of the first child conceived by in vitro fertilization (IVF) in 1978, ART 
has continued to rise in both availability and usage. The introduction embryo 
cryopreservation in the beginning 1980s has occurred after developments and 
enhancement important laboratory technologies in ART filed (Niederberger 
et al., 2018).

Infertility therapies such as in IVF, ICSI, artificial insemination (AI), as well as 
ovarian stimulation (OI) all involve ART  in order to induce pregnancy. In the 
growing world, it is believed that between 1.5 and 6% of newborns were 
conceived with the help of ART (De Geyter et al.,2018) (Goldsmith et al., 
2018) (Sundaram et al., 2019) and (Pinborg, 2019). 

Conventional in vitro insemination as well as ICSI, in which a single 
spermatozoon is inserted into the oocyte  cytoplasm, are both examples of 
the sequence of procedures known collectively as in vitro fertilization, which 
involves the extracorporeal fertilizing of gametes. Embryo transfer (ET), is 
the process of implanting an IVF or ICSI-created embryo in the uterus at the 
cleavage or blastocyst stage. Following fertilization, the embryo(s) with the 
best possible morphology are selected and transferred directly into the uterine 
cavity (Fresh Embryo Transfer). Embryos that meet the criteria for transfer but 
aren't used in the current cycle may be frozen and used in a Frozen/Thawed 
Embryo Transfer (FET) in the following cycle. The frozen embryo(s) can be 
thawed as well as transferred if the woman is unable to conceive following the 
fresh transfer or if she needs another child (Zegers-Hochschild et al., 2017).

Assisted reproductive technology is associated with a higher risk of neonatal 
problems than those from natural conception, despite recent advances in 
laboratory technology as well as clinical care. (Kawwass and Badell, 2018). 
Still, ART-conceived infants have poor perinatal outcomes in comparison with 
those from naturally-conceived (Westvik-Johari et al., 2021).

 Antenatally, an ultrasound performed in early pregnancy is the most reliable 
method for determining gestational age (Butt and Lim, 2014).  Postnatally, 
validated scoring systems to evaluate neuromuscular and physical maturity, 
such as the Dubowitz neurological examination and Ballard Score, can be used 
to estimate a neonate’s gestational age (Dubowitz et al., 1970) (Ballard et al., 
1979) (Ballard et al., 1991) and (Dubowitz et al., 2005).

Clinically, determining a newborn's gestational age (GA) is useful for classifying 
them as either preterm, full-term, as well as small for date infant so that they can 

be treated appropriately. Accurate GA knowledge helps in the early detection 
of life-threatening conditions in newborns, including as hypoglycemia shortly 
following birth, septicemia, feeding problems, as well as asphyxia. Physical as 
well as neuromuscular characteristics such as the Dubowitz chart, Parkins' 
approach, the Ballard method, and the New Ballard Score (NBS) chart can be 
used to estimate GA in addition to last menstrual cycle (LMP) as well as initial 
ultrasound (US) reports (Symington and Pinalli, 2006).

In clinical practice, determining a newborn's gestational age is crucial for 
identifying infants who are at increased risk of complications due to their 
gestational  age. Preterm and full-term infants' gestational ages can be 
accurately estimated through clinical examination using the New Ballard 
Score (NBS) (Md et al., 2022). The goal of this study was to detect difference in 
maturity of newborns conceived from fresh as well as frozen embryo transfer 
in comparison with those from naturally conceived.   

Subjects and methods

•	 Study design

Cross Sectional Case Controlled study was designed to detect the difference in 
maturity of newborns conceived from fresh as well as frozen embryo transfer 
in comparison with those from naturally conceived. All parents signed a 
consent form that they agreed that their newborns participated in this ‎study 
after an explanation of protocol.

•	 Ethical considerations 

The approval of the protocol of this study was done by the ethics committee 
of the Faculty of ‎Physical Therapy, Cairo University on 5/1/2021, NO: P.T. REC 
/012/003064. The trial was registered with Clinical Trials. gov NCT 04772872.

•	 Enrollment

186 newborns were selected from ‎AL Mansoura University ‎Hospitals and 
private centers for obstetrics and gynecology and ICSI from February 2021 till 
April 2023.

•	 Subjects

This study included 186 newborns whom born through IVF/ICSI following 37 
weeks of gestation as well as those from naturally conceived. 186 newborns 
were distributed into three groups; Group A: 62 Naturally conceived newborns, 
Group B: 62 Newborns conceived from fresh embryo transfer and Group C: 
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Abstract

There are serious emotional, financial, demographic, as well as medical impacts associated with infertility. Over 
80 million people all over the world are affected by it. It is believed that between 10% and 15% of all couples in 
their reproductive years experience by reproductive problems. Assisted Reproductive Technologies (ART) were 
first developed nearly four decades ago to aid in reducing the burden if infertility in affected couples. Today, ART 
is accountable for greater than 4 percent of all live births. While most of ART-born infants are healthy, concerns 
about the health of ART-born infants have emerged recently. There is an elevated risk of perinatal negative 
outcome in newborns conceived by ART. This study was aimed to detect difference in maturity of newborns 
conceived from fresh as well as frozen embryo transfer in comparison with those from naturally conceived. 186 
full term newborns whom mothers age ranged from 25 to 35 years old with their BMI ranged from 18.5 to 29 
and they were born through in vitro fertilization/ intra cytoplasmic injection (IVF/ICSI) (frozen embryo transfer 
(vitrification process) and fresh embryo transfer) following 37 weeks of gestation were enrolled in this study. 
Newborns conceived without fertility treatments (natural conception) served as a reference group.  Newborns 
were equally distributed into three groups: Group A: 62 Naturally conceived newborns, Group B: 62 Newborns 
conceived from fresh embryo transfer and Group C: 62 Newborns conceived from frozen embryo transfer 
through vitrification process. Newborns in the three groups were assessed for maturity by New Ballard Score 
that was corresponded to estimated gestational age in weeks. The Kruskal-Wallis test was used to compare the 
maturity of newborns born by normal conception, fresh embryo transfer, as well as frozen embryo transfer. For 
multiple comparisons following a significant ANOVA test, the Tukey honestly significant difference (Tukey- HSD) 
test was employed, and for multiple comparisons following a significant Kruskal-Wallis test, the Bonferroni 
post hoc test was utilized.  Statistical significance was assumed at the p<0.05. When comparing the three 
groups, it was found that the estimated gestational age significantly lowest in group B (fresh embryo transfer) 
in comparison with both group C (frozen embryo transfer) as well as group A (normal conception) and it was 
significantly lower in group A (normal conception) compared to group C (frozen embryo transfer). There was 
difference in maturity has been detected in newborns conceived from fresh as well as frozen embryo transfer 
in comparison with naturally conceived.  
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62 Newborns conceived from frozen embryo transfer through vitrification 
process. 

Newborn who participated in this study met the subsequent criteria: newborn’s 
mothers age ranged from 25 to 35 years old with their BMI ranged from 18.5 
to 29 and he/she was born via IVF/ICSI (frozen embryo transfer (vitrification 
process) as well as fresh embryo transfer) following 37 weeks of gestation. As 
a reference group, newborns were born via natural conception (without any 
fertility treatment) were included. Exclusion criteria was the following: vanishing 
twins, preterm singleton, congenital abnormalities, gestational surrogates, 
donor oocyte pregnancy, several birth and singleton whose mother suffered 
from: ovarian hyper stimulation syndrome, metabolic diseases, chronic health 
issues, placenta previa, gestational condition, premature tear of membrane or 
uterine contraction, placenta accrete and cervical insufficiency and newborn 
whose mother was smoking. Enrolment of the newborns were shown in Figure 
(1) (Figure 1).

Assessment

The New Ballard Score was created by Dr. Jeanne L. Ballard (Ballard et al., 
1991) as a quick and reliable means of determining the level of gestational 
maturity in a singleton newborn. The New Ballard score was utilized for 
newborns up to 4 days following delivery to assess their physical as well as 
neuromuscular maturity. Since the physical aspects of development progress 
rapidly after birth, the neuromuscular aspects showed greater stability over 
time. However, illness as well as medications (such as magnesium sulfate 
administered during delivery) altered the neuromuscular components.

For determining a newborn's clinical gestational age (GA) at birth, the New 
Ballard Score (NBS) is currently regarded as the most reliable approach (Erman 
et al., 2006). The NBS was utilized to assign gestational age whenever there 
was a significant difference among the obstetrically determined gestational 
age and the findings of physical examination; its accuracy was limited to within 
seven days. The maturity rating used to predict gestational age between 20 
and 44 weeks of gestation. At a week of newborn´s age, the NBS provides a 
valid and reliable estimate of gestational age (Sasidharan et al., 2009).‎  

As indicated in table (1), the NBS is a result of a series of steps taken to identify 
a newborn's gestational age via neuromuscular and physical evaluation. The 
maturational changes experienced by the fetus inside the uterus are utilized 
as a basis for the score. The neurological criteria rely heavily on measures 
of muscle tone, while the physical criteria are based on actual,  anatomical 
changes. The newborn (who is less than 37 weeks old) has a natural low level 
of muscle tone called hypotonia. Muscle tone develops during gestation, 
therefore a premature newborn will have lower levels (Symington and Pinalli, 
2006) (Table 1).

Scoring:        

After finishing the assessment of all items of New Ballard Score, the score was 
given for each newborn. New Ballard Score allowed scores of each item ranged 
from -1 to 5, so the total scores of all items were ranged from -10 to 50. The 
corresponding gestational age ranged from 20 weeks to 44 weeks as shown 
in table (2). For scores that was among the 5-point increments, a method 
suggested by Ballard was extrapolated utilizing. (Ballard et al., 1991) (Table 2).

Statistical analysis 

IBM's SPSS (Statistical Package for the Social Sciences) for Windows (IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp) was used to 
analyze the data. Normality was tested utilizing  of the Kolmogorov-Smirnov 
test. Mean and standard deviation were used to represent continuous data, 
whereas numbers and percentages were used to represent categorical data. 
Significant results were defined as those with a p-value of 0.05. Analysis of 
correlation between two qualitative variables using the chi-squared test. The 
Kruskal-Wallis test was utilized to compare the maturity of newborns born by 
natural conception, embryo transfer (fresh as well as frozen). Indicating which 
significant difference among pairs of groups was determined using the Tukey 
honestly significant difference (Tukey- HSD) test as a post hoc test for multiple 
comparisons following a significant analysis of variance (ANOVA), and using 
the Bonferroni post hoc test following a significant Kruskal-Wallis test. Shapiro-
Wilk and Levine's tests were used to confirm that the variances among the 
groups were similar.

Figure 1: Flow chart of the study.

1-Neurological features 1-Posture
2-Square window
3-Arm recoil
4-Popliteal angle
5-Scarf sign
6-Heal to ear

2-External features 1-Skin
2-Lanugo
3-Planter surface
4-Breast
5-Eye/Ear
6-Genitalia

  Table 1: Neurological and external features of New Ballard Score.

Maturity Rating -- Ballard Method
Total Score Gestational age (Weeks)

-10 20
-5 22
0 24
5 26

10 28
15 30
20 32
25 34
30 36
35 38
40 40
45 42
50 44

Table 2: Maturity rating of New Ballard Score.    
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Results

Based on sample size calculation utilizing G-power test (effect size = 0.23، 
power = 80 %، type 1 error = 0.95 and α = 0.05). The calculated sample size 
was consequently 62 for each group, with an overall sample size of 186 
newborns in the study. A total of 186 full-term newborns were participated in 
this study, all of whom were born following 37 weeks of gestation via IVF/ICSI 
or were naturally conceived. each group included 62 newborns. Both sexes 
were included. Table (3), (4) reveals a comparison of the 3 groups ´ general 
characteristics at baseline.

Statistical analysis for outcome measures

In terms of estimated gestational age, there was a statistically significant 
difference among the 3  groups (P 0.05). For group A (Normally conceived), 
the mean and median value of their estimated gestational age were 35.85 ± 
1.88 weeks and 36.0 respectively. For group B (Fresh embryo), the mean and 
median value of their estimated gestational age were 35.11 ± 1.05 weeks and 
35.0 respectively. For group C (Frozen embryo), the mean and median value of 

their estimated gestational age were 38.74 ± 0.92 weeks and 39.0 respectively.

For several comparisons following a significant ANOVA test, the Tukey honestly 
significant difference (Tukey- HSD) test was employed, and for multiple 
comparisons following a significant Kruskal-Wallis test, the Bonferroni post 
hoc test was utilized. The test revealed that estimated gestational age was 
significantly lower in group B (fresh embryo transfer) compared to group 
C (frozen embryo transfer) and group A (normal conception) and it was 
significantly lower in group A (normal conception) in comparison with group C 
(frozen embryo transfer) as presented in table (5) and (6).  (Tables 3-6).

Discussion

The findings of the current study showed that there was difference in maturity 
of newborns conceived from fresh as well as frozen embryo transfer in comparison 
with those from naturally conceived. Group B (fresh embryo transfer) had a 
substantially smaller estimated gestational age than groups C (frozen embryo 
transfer) as well as A (normal conception), while group A had a substantially 
smaller estimated gestational age than group C (frozen embryo transfer).

Baseline characteristics      Group (A)                Group (B)           Group (C)
                                        Normal conception     Fresh embryo      Frozen embryo     Kruskal-Wallis                           
                                            (n= 62)                  (n= 62)                   (n= 62)            Test value      p- value
Maternal age (years)
x̅ ± SD                               28.80± 2.81            29.43± 2.72         29.95± 3.17        4.331         0.115*

Range                                  25.0-35.0               25.0-35.0              25.0-35.0
BMI (kg⁄cm²)
x̅ ± SD                               24.30 ± 2.40           24.38 ± 2.22        24.14 ± 2.62        0.377         0.828*

Range                                  18.9-28.4               19.9 -28.5             19.3-28.6
Paternal age (years)
x̅ ± SD                               32.48 ± 3.15           33.62 ± 3.81         33.73 ± 3.51      4.727          0.094*

Range                                   28.0-39.0              26.0-42.0              25.0-42.0
Duration of pregnancy (years)
x̅ ± SD                               3.75± 1.85              3.31± 1.50             3.98± 1.61         4.660         0.097*

Range                                  1.0- 7.0                  1.0- 6.0                   1.0- 7.0
Newborns gestational age at delivery (weeks)
x̅ ± SD                             38.44±0.59               38.18±0.72            38.24±0.67        4.601         0.100*

Range                               37.0- 39.0                  37.0- 39.0             37.0- 39.0
x̅, mean
SD, standard deviation
P-value, Probability value
BMI, body mass index
*non-significant

Table 3: Comparison of the three groups ´ baseline characteristics.

Baseline characteristics      Group (A)                Group (B)           Group (C)               
                                        Normal conception     Fresh embryo      Frozen embryo              ꭓ2              
                                           (n= 62)                        (n= 62)                   (n= 62)            Test value p-value

Type of labor                                                                                                                    0.845         0.655*

Vaginal delivery                  25(40.3 %)                28(45.2 %)           23(37.1 %) 
Cessarian section               37(59.7 %)                 34(54. 8%)           39(62.9 %)
Gender of singleton                                                                                                       4.70            0.095*

Boys                                    35 (56.5%)                 30 (48.4%)           23 (37.1 %)
Girls                                    27 (43.5%)                 32 (51.6%)           39 (62.9 %)
ꭓ2, Chi-square test
P-value, Probability value
*non-significant

Table 4: Comparison of the three groups regarding qualitative variables.

Groups   Estimated Gestational age 
(weeks) 
 x̅ ± SD

Median KW-value P- value Sig.

Group A 
(Normally conceived)

35.85± 1.88 36.0 108.96 <0.001 S

Group B 
(Fresh embryo)

35.11± 1.05 35.0

Group C 
(Frozen embryo)

38.74± 0.92 39.0

x̅ ± SD: Mean ± Standard Deviation; KW-value: Kruskal-Wallis test; P-value: Probability value (p≤ 0.05 and 0.01 are statistically significant); S: significant.

Table 5: Statistical analysis of estimated gestational age (weeks) between three groups.
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However, it is still unclear what factors contribute to the higher risk of large 
gestational age (LGA) as well as macrosomia following frozen ET. Several theories 
have been made to explain this explosive growth. First, embryos of greater 
quality may be more likely to survive the thawing as well as freezing process, 
suggesting a possible selection mechanism cause. Second, cryopreservation 
may also change the fetus's growth capability in its earliest embryonic stages 
due to epigenetic modifications (heritable alterations that are not produced 
by changes in the structure of DNA instead through modifications, including 
DNA methylation). A third suggested explanation is that most frozen ET cycles 
do not involve the ovarian stimulation employed in a fresh IVF cycle, this could 
explain why the uterine environment within  a frozen ET cycle is seen to be 
more similar to a natural uterine environment (Sine et al., 2019).

Ovarian stimulation in fresh cycles can generate supraphysiological hormone 
levels, which may have an effect on implantation and subsequent embryonic 
growth as well as development. The uterine environment in frozen ET more 
natural than that develops after hormonal stimulation of the ovary in fresh 
cycles and it's likely that the synchronisation among the endometrium as well 
as embryos at the time of transference is more precise in frozen cycles. These 
suggestions help to explain why fresh ET results in infants who are small for 
their gestational age, have premature births, and have low birth weights (Ming 
et al., 2012).  

The findings provide support to the hypothesis that elevated hormone levels 
play a significant impact through altering the intrauterine environment. Fresh 
ET has been linked to a higher risk of placental anomalies than frozen ET 
(Healy et al., 2010; Sazonova et al., 2012; Ishihara et al., 2014; Korosec 
et al., 2014). In addition, IVF placentas were heavier as well as  bigger than 
those from naturally conceived (Haavaldsen et al., 2012). Additionally, frozen 
ET infants had a higher perinatal mortality rate than those of fresh ET and 
naturally conceived (Wennerholm et al., 2013). Changes in the implantation 
as well as early fetal development stages may be caused to placental excessive 
growth, hypertensive diseases of pregnancy, and increased perinatal mortality.

There is a clear trend toward using frozen ET more frequently than fresh ET, 
and the frequency of frozen ET is rising quickly. Increased success rates can 
be attributed to advancements in cryopreservation methods, which probably 
result in less embryo cryodamage. This, along with growing evidence that a 
freeze-all policy reduces the possibility of complications during pregnancy 
and delivery, including premature birth, low birth weight, as well as small for 
gestational age. As factors that influence health as well as disease throughout 
one's life such as low birth weight as well as prematurity are critical to reduce 
in ART. (Sine and Anja, 2018). 

Our results are consistent with the scientific literature, which describes an 
increased risk of higher birth weight and macrosomia and increased risk of 
LGA in infants delivered following frozen ET compared to those born following 
fresh ET following natural conception (NC) (Shih et al., 2008; Pelkonen 
et al., 2010; Henningsen et al., 2011; Feng et al., 2012; Kato et al., 2012; 
Nakashima et al., 2013; Roy et al., 2014; Pinborg et al., 2014; Ozgur et al., 
2015 and Maas et al., 2016).

A systematic review as well as meta-analysis confirmed the findings of the 
study that obviously revealed that pregnancies via frozen ET have lesser 
relative risks of low birth weight (LBW), very low birth weight, very preterm 
birth, small for gestational age (SGA), placenta previa, as well as placental 
abruption in comparison with fresh ET (Acharya et al., 2018).

An additional meta-analysis of twenty-six studies revealed that compared to 
singleton pregnancies achieved through fresh ET, those achieved through 
frozen ET have a lower risk of premature birth, small for gestational age, as 
well as LBW, but a greater risk of large for gestational age (LGA) infants as well 
as hypertensive disorders of pregnancy (Maheshwari et al., 2018).

Compared to singleton births following either NC or fresh ET, the risk of frozen 
ET singleton births being LGA as well as macrosomic has been constructed by 
the work of Sine and Anja (2018). Frozen ET singleton infants were more likely 
to be born large for their gestational age (LGA) and macrosomic.

Previous investigations have found that embryo cryopreservation has been 
linked with a greater birth weight as well as greater incidence of LGA infants 
(Wikland et al., 2010; Shi et al., 2012; Belva et al., 2016; Litzky et al., 2018; 
Roque et al., 2019). Significant perinatal morbidity as well as elevated cardio-

metabolic risks are linked to LGA in infants, and these risks are often imprinted 
during development as well as remain throughout the child's life (Cnattingius 
et al., 2012) and (Chiavaroli et al., 2014).

Frozen ET is not commonly performed in a "super ovulated environment," 
which is defined by supraphysiologic estradiol as well as progesterone levels 
following ovarian stimulation (Hwang et al., 2019). Autologous fresh ET 
infants has been linked to be smaller compared to frozen ET infants. Estradiol 
levels are higher in fresh ET infants who are born small for their gestational age 
(Farhi et al., 2010; Imudia et al., 2012 and Royster et al., 2016). 

Flavia et al., (2020) demonstrated that fresh ET is accompanied with greater 
rates of LBW as well as SGA, whereas frozen ET is similarly accompanied with 
a higher risk of LGA. A greater risk of LGA was found in children conceived via 
frozen ET compared to children conceived via fresh ET born from the same 
mother (Luke et al., 2017). 

Iliodromiti et al. (2017) as well as Beta et al. (2019) provides evidence on 
the differences between fresh ET as well as NC and of frozen ET as well as NC, 
respectively. SGA, LGA, as well as preterm birth are all related to higher perinatal 
morbidity and mortality, in addition to infants delivered large for gestational 
age have a greater risk of delivery problems. Long-term negative effects are 
also linked to them. A higher risk of cardiovascular problems, mental health 
problems, as well as social challenges is connected with SGA  and preterm 
birth, while an greater risk of obesity as well as obesity-related bad outcomes 
has been linked with LGA (Moster et al., 2008) and (Belbasis et al., 2016).

Westvik-Johari et al. (2021) indicated that frozen ET was accompanied with 
greater birthweight as well as risk of LGA, while fresh ET was accompanied 
with the opposite.

Although Galliano et al. observed no difference in birth weight or risk of LGA 
following frozen ET as well as fresh ET when comparing siblings conceived 
through oocyte donation but the findings of the study contradict to their 
conclusions (Galliano et al., 2015).

This study's findings contradict those of Cassandra et al. (2020), who 
suggested that fresh ET may be linked to improved implantation as well as birth 
outcomes in comparison with frozen ET, and that the positive impact of fresh 
ET was comparable across all outcomes as well as across multiple sensitivity 
analyses. The previous research may have used a different evaluation method 
and/or different inclusion criteria from the present study, which may explain 
why they found different findings from the present study.

Limitations

This study is limited by factors related to sample selection as lack of sufficient 
information regarding previous pregnancy data, causes of infertility, protocol 
by which endometrium was prepared, details of stimulation protocol, previous 
failed ICSI and difference among ART as well as non-ART parents in life style 
factors including sports and diet and this is due to cultural bias do not give the 
capacity to take all information from mother.

Conclusion

There was a significant difference in maturity of newborns conceived from fresh 
and frozen embryo transfer compared with those from naturally conceived. 
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           Group effect Z- Value P-value Sig.
Group A vs. Group B 0.017           0.052 S
Group A vs. Group C 7.985 <0.001 S
Group B vs. Group C 9.985 <0.001 S
Z-value: Mann-Whitney test; P-value: Probability value; NS: Non-significant; S: Significant at p<0.05, p<0.01

Table 6: Multiple pairwise comparisons between three groups regarding estimated gestational age.
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