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STUDY QUESTION: Does the type of media used to culture embryos for IVF influence the birthweight and length of neonates?

SUMMARY ANSWER: No significant differences were observed in birthweight and length among the three embryo culture media used
for in vitro embryo culture.

WHAT IS KNOWN ALREADY: Since the establishment of IVF as an assisted reproductive technology (ART), many different culture
systems have been used for the development of human embryos. Some studies have shown that the types of culture media influence
the newborn birthweight; however, other studies have shown no effect. To further explore this contradictory issue, we compared the birth-
weight and length of neonates born after the transfer of embryos cultured in one of three commercially available media.

STUDY DESIGN, SIZE AND DURATION: This retrospective analysis of birthweight and length of newborns included 1201 women
who delivered singletons and 445 women who delivered twins. The following three commercially available culture media were used: G5™,
Global and Quinn’s advantage media. Women who underwent IVF-ET cycles between 2008 and 2010 were analyzed.
PARTICIPANTS/MATERIALS, SETTING AND METHODS: Patients younger than 40 years of age with a body mass index (BMI)
<30 kg/m?* were analyzed. Only data from singletons and twins born alive after the 20th week of gestation were included in the data analysis.
Patients who received preimplantation genetic diagnosis (PGD) and donor oocytes were excluded.

MAIN RESULTS AND THE ROLE OF CHANCE: The analysis of 1201 singletons and 445 sets of twins showed no significant asso-
ciation between mean birthweight or mean birth length and the type of embryo culture medium. Inter-twin mean birthweight and length
disparities were analyzed, but were not shown to be significantly different. Multiple linear regression analysis showed that maternal
weight, maternal height, gestational age and infant gender were significantly related to birthweight, and paternal height, gestational age
and newborn complications were significantly associated with birth length.

LIMITATIONS AND REASONS FOR CAUTION: The current study showed that birthweight and length of newborns were not asso-
ciated with the embryo culture medium. More research needs to be performed to analyze the effects of other culture medium formulations
and to evaluate the long-term effects of embryo culture medium on the health of children conceived through ART.

WIDER IMPLICATIONS OF THESE FINDINGS: Our retrospective study suggests that embryo culture medium does not influence
neonatal birthweight and length; however, the effects of culture medium on epigenetic variation of embryos need to be studied further.
STUDY FUNDING/COMPETING INTEREST(S): This study was funded by National Natural Science Foundation of China
(81070534) and National Natural Science Foundation of China for Young Scholars (81200437). The authors have no conflicts of interest
to declare.
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Introduction

Since the establishment of IVF as an assisted reproductive technology
(ART), many different culture systems have been used for the devel-
opment of human embryos (Quinn, 2012; Rieger, 2012). Recently, an
increasing number of IVF centers have utilized commercially available
and quality-controlled media, such as GI.3, G5, Cook, HTF and
Quinn’s advantage. However, some studies have shown that different
medium systems change the expression of imprinted genes, including
lgf 2, HI9 and DMR2 (Khosla et al., 2001; Rivera et al., 2008; Market-
Velker et al., 2010). In particular, loss of DMR2 methylation induces
the Beckwith—Wiedemann syndrome (Catchpoole et al., 2000; Halli-
day et al., 2004; Chang et al., 2005). Dumoulin et al. (2010) reported
that the use of Cook medium, compared with Vitrolife medium,
resulted in singletons with a lower mean birthweight and led to
higher inter-twin mean birthweight disparities and birthweight discor-
dancy. A trend towards lower birthweight was also noted with the
Cook medium compared with the Vitrolife medium after frozen
embryo transfer (Nelissen et al, 2012). However, Eaton et al.
(2012) reported that GI.3, Global and G1.5 culture media did not in-
fluence neonatal birthweight following IVF. Another study demon-
strated no significant relationships between HTF and Sage culture
media and birthweight (Vergouw et al., 2012). Whether or not, the
measured effects in these studies be generalized to other culture
media is not known. In an attempt to investigate this issue, we com-
pared the birthweights and lengths of neonates conceived from the
transfer of embryos cultured in one of three commercially available
media.

Materials and methods

Patients

This retrospective study was approved by the Ethics Committee of Peking
University Third Hospital. Women who underwent IVF-ET cycles between
2008 and 2010 in the Reproductive Medical Centre of Peking University
Third Hospital were analyzed. Women underwent controlled ovarian
hyperstimulation with a GnRH agonist or GnRH antagonist protocol as
described previously (Liu et al., 2012). Ovarian follicle development was
monitored based on serum estradiol (E2) levels and transvaginal ultrasono-
graphic measurements. When at least one follicle reached a mean diam-
eter of 18 mm and the E2 concentration exceeded 500 pg/ml, 10000
units of urinary hCG (Serono, Aubonne, Switzerland) were administered
before ultrasonography-guided oocyte retrieval. Luteal support was
initiated on the day after oocyte retrieval using 60 mg of progesterone
(Xianju Pharmacy, Zhejiang, China; Xiaoying et al., 2012).

Laboratory protocols

The following three commercially available culture media were used: G5™
(Vitrolife, Gottenburg, Sweden); Global (IVF Online, Toronto, Canada)
and Quinn’s advantage medium (SAGE, CA, USA). The corresponding
sera supplemented the media: HSA solution™ (Vitrolife); HSA solution
(IVF Online) and Quinn’s advantage SPS (SAGE). Mineral oil was obtained
from Sigma (St. Louis, MO, USA) and used after washing and sterile filtra-
tion. The clinical pregnancy rates were 42.9, 40.8 and 39.3% for G5™,
Global and Quinn’s advantage media, respectively; there were no signifi-
cant differences in clinical pregnancy rates among the three culture
media. The ratio of cycles using each culture medium was ~3:3:1
(G5™:  Global:Quinn’s advantage). IVF and ICSI were performed

according to the laboratory’s routine insemination procedures on the
day of oocyte retrieval (DO). The presence of two pronuclei was observed
|6—18 h after insemination or injection, and the zygotes were then cul-
tured in 25 pl of pre-equilibrated cleavage medium droplets (GI, Global
HTF and Quinn’s advantage cleavage medium). The embryos were cul-
tured in incubators at 37°C under 5 or 6% CO, as described previously
(Ming et al., 2012). The morphology of embryos was evaluated 68—72 h
after insemination with respect to cell number, fragmentation and sym-
metry. The number of embryos transferred was determined based on
the patient age, number of IVF cycles and embryo quality.

Data collection

In the present study, only patients younger than 40 years of age with a
body mass index (BMI) <30kg/m> were analyzed. Patients were
excluded if they received preimplantation genetic diagnosis or donor
oocytes. Furthermore, only data from singletons and twins born alive
after the 20th week of gestation were included in the data analysis. The
criteria for data collection were the same as used in previous reports; spe-
cifically, gestational age, low birthweight (LBW) and high birthweight
(HBW) were defined as described previously (Nelissen et al., 2012).

Statistics analysis

All statistical analyses were performed with SPSS software. The basic char-
acteristics of the patients were compared using Student’s t-tests (continu-
ous variables) and categorical variables were evaluated with y* tests.
Multiple linear regression analyses were used to evaluate the association
between culture media and birthweight or length, while controlling for
the effects of possible confounding factors, including fertilization
methods (IVF or ICSI), maternal age, paternal age, maternal height, pater-
nal height, maternal weight, paternal weight, subfertility types, duration of
subfertility, cause of subfertility, gestational age, infant gender, number of
transferred embryos, number of cycles and newborn complications (neo-
natal brain injury, congenital heart disease, Down syndrome, hypertrophic
pyloric stenosis, icterus hepatitis or congenital cartilage disease).

Results

Data from 1646 patients were analyzed. Among the 1201 women
who delivered singletons, 596 had embryos cultured in the G5™
medium, 460 had embryos cultured in the Global medium and 145
had embryos cultured in the Quinn’s advantage medium. Among
the 445 women who delivered twins, 196 had embryos cultured in
the G5™ medium, 159 had embryos cultured in the Global medium
and 90 had embryos cultured in the Quinn’s advantage medium.
The parental and cycle characteristics are shown in Table |. Smoking
was not included in our analysis because few women smoke in China.
The birth outcomes of singletons were compared as shown in
Table Il. The mean birthweight was 3246.10 + 22.06 g in the G5™
group, 3293.88 + 26.26g in the Global group and 3291.24 +
43.45 g in the Quinn’s group. The mean birth length of singletons
was 50.19 + 0.13 cm in the G5™ group, 50.32 + 0.15cm in the
Global group and 50.45 + 0.25 cm in the Quinn’s group. There was
no significant association between the mean birthweight or length
and type of culture medium. Furthermore, we investigated the poten-
tial interactions between gender, gestational age, LBW, HBW and
culture medium. Again, no significant differences were observed.
The effects of the stimulation protocols on birthweight and length
were also compared, as shown in Supplementary data, Table SI.
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Table I Patients and cycle characteristics.

Characteristic G5™ (n =792) Global (n = 619) Quinn’s advantage (n = 235) P-value

Primary indication for IVF treatment
Male factor 152 (19.19) 136 (21.97) 34 (14.47) 0.056
Tubal factor 270 (34.09) 205 (33.12) 88 (37.45) 0.056
Male and tubal factor 332 (41.92) 262 (42.33) 99 (42.13) 0.056
Unexplained 38 (4.80) 16 (2.58) 14 (5.96) 0.056
Duration of subfertility (years) 457 +322 472 +3.18 4.72 + 331 0.679
Primary subfertility 485 (61.24) 345 (55.74) 134 (57.02) 0.100
Cycles with ICSI 281 (35.48) 255 (41.20) 87 (37.02) 0.086

Maternal characteristics
Age (years) 31.21 +4.05 31.17 +3.84 31.54 +3.96 0.451
Age >38 years 52 (6.57) 26 (4.20) 9 (3.83) 0.080
Height (cm) 161.61 + 4.48 161.89 + 4.91 161.34 + 4.53 0.268
Weight (kg) 57.10 £ 7.32 57.52 +7.79 56.45 + 6.79 0.164
Body mass index 21.87+272 2194 +2.73 21.69 + 251 0.492

Paternal characteristics
Age (years) 32.65 + 4.06 3278 + 4.15 32.78 +3.93 0.815
Height (cm) 173.34 +5.28 173.49 + 5.40 173.17 + 5.20 0.722
Weight (kg) 73.010 + 9.69 73.56 +10.30 74.25 + 10.20 0.278
Body mass index 24.30 +£2.79 24.40 + 2.91 2471 +2.80 0.150

Data are presented as numbers (%) or mean + SD.

The birth outcomes of twins were compared, as shown in Table IIl. Discussion

The mean birthweight was 2500.63 + 30.74 g in the G5™ group,
2554.78 + 35.58 g in the Global group and 2483.42 + 53.68 g in
the Quinn’s group. The mean birth length of twins was 48.58 +
0.28 cm in the G5™ group, 48.03 + 0.27 cm in the Global group
and 47.88 + 0.42 cm in the Quinn’s group. There was no significant
association between the mean birthweight or length and the type of
embryo culture medium. Furthermore, the inter-twin mean birth-
weight and length disparities were analyzed. No significant differences
were observed in the birthweight and length disparities among the
three embryo culture media.

Finally, multiple linear regression was used to determine the rela-
tionship between embryo culture medium and birthweight, birth
length and gestational age in neonates with fertilization methods, ma-
ternal age, paternal age, maternal height, paternal height, maternal
weight, paternal weight, subfertility types, duration of subfertility,
cause of subfertility, gestational age, gender, number of transferred
embryos, number of cycles and newborn complications. As shown
in Table IV, birthweight after embryo culture was associated with ma-
ternal height, maternal weight, gestational age at birth and gender.
There was also a potential interaction between birth length and pater-
nal height, gestational age at birth and newborn complications (neo-
natal brain injury, congenital heart disease, Down syndrome,
hypertrophic pyloric stenosis, icterus hepatitis and congenital cartilage
disease). The data from the multiple linear regression analysis of ges-
tational age at birth also indicated that there were no significant differ-
ences among the three culture media.

Our retrospective study demonstrates that the type of embryo culture
medium does not influence the mean birthweight or mean birth
length.

It is well known that birthweight is a commonly used measure for
the assessment of perinatal outcome, which is related to morbidity
and mortality (Land, 2006). Therefore, many IVF centers focus on
the effect of in vitro culture of embryos on neonatal birthweight.
The birthweights of neonates were not found to differ significantly
when embryos were cultured in the Global or Vitrolife medium
(Eaton et al., 2012), and another study demonstrated that different
culture media do not affect the mean birthweight of newborns
(Vergouw et al., 2012). In contrast, Dumoulin et al. (2010) reported
that embryos cultured in the Cook medium had significantly lower
mean birthweights than embryos cultured in the Vitrolife medium.
However this result may be due to the lower number of blastomeres
in the transferred embryos in the Cook medium group. Additionally,
the mothers in the Cook group were shorter and weighed less,
which can influence neonatal birthweight, and the number of
samples was small (Vitrolife group, n= 110; Cook group, n= 78).
In our retrospective study, there were 792 neonates in the Vitrolife
G5™ group, 619 neonates in the Global group and 235 neonates in
the Quinn’s group. These numbers are large enough to detect the
effects of different media on neonatal birthweight. Cheung et al.
(2002) found that birth length is strongly associated with both neonatal
and post-neonatal mortality. Therefore, the birth lengths of singletons
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Table Il Neonatal characteristics of live born singletons.

G5™ Global Quinn’s RR (95% CI) RR (95% CI) RR (95% CI) P-value
(n = 596) (n = 460) advantage G5™_-Global G5™—-Quinn’s Global-Quinn’s
(n = 145) advantage advantage

Boys 312 (52.35) 254 (55.22) 71 (48.97) 0.948 (0.847—1.061) 1.069 (0.890—1.284) 1.128 (0.937-1.357) 0.376
Gestational age at birth (weeks) 38.45 + 0.08 3825+ 0.11 3826 +0.17 — — — 0.270
Preterm birth (<37weeks) 54 (9.06) 52 (11.30) 18 (12.41) 0.801 (0.559—1.150) 0.730 (0.442—1.205) 0.911 (0.551—1.505) 0.335
Birthweight (g) 3246.10 +22.06  3293.88 + 26.26 3291.24 + 43.45 — — — 0.327
Birth length (cm) 50.19 +0.13 50.32 £ 0.15 50.45 4+ 0.25 — — — 0.594
Low birthweight (<2500 g) 34 (5.70) 25 (5.43) 6 (4.14) 1.050 (0.635—1.734) 1.379 (0.590-3.221) [.313 (0.550-3.139) 0.756
High birthweight (>4500 g) 3 (0.50) 6 (1.30) 3 (2.07) 0.386 (0.097—1.535) 0.243 (0.050—1.193) 0.630 (0.160, 2.489) 0.166
Data are presented as numbers (%) or mean + SD. RR, rate ratio; 95% Cl, confidence interval.
Table 111 Neonatal outcomes of live born twins.

G5™ Global Quinn’s RR (95% CI) RR (95% CI) RR (95% CI) P-value

(n=196) (n=159) advantage G5™ -Global G5™-Quinn’s Global-Quinn’s

(n=90) advantage advantage

Monozygotic twins (n) 12 (6.12) 7 (4.40) 5 (5.56) 1.416 (0.544-3.686) [.109 (0.379-53.274) 0.783 (0.241-2.543) 0.773
Gestational age (weeks) 36.20+0.16 36.32+0.16 36.21 +0.21 — — — 0.862
Preterm birth (<37 weeks) 84 (42.86) 75 (47.17) 47 (52.22) 0.840 (0.552—1.279) 0.686 (0.416—1.133) 0.817 (0.487-1.371) 0.324
Low birthweight (<2500 g) 135 (34.44) 15 (36.16) 76 (42.22) 0.927 (0.680—1.263) 0.719 (0.501-1.032) 0.775 (0.533-1.127) 0.195
Very low birthweight (<1500 g) 8 (2.04) 5(1.57) 8 (4.44) 1.304 (0.422-4.026) 0.448 (0.165—1.213) 0.343 (0.111-1.066) 0.109
Mean birthweight (g) 2500.63 + 30.74  2554.78 + 35.58 2483.42 £+ 53.68 — — — 0.397
Mean birthweight disparity (g) 325.54 £+ 20.80 334.65 + 26.83 299.72 + 29.54 — — — 0.684
Mean birthweight disparity (%) 15.19 + 0.0l 15.40 + 0.01 [5.00 + 0.02 — — — 0.740
Mean birth length (cm) 48.58 + 0.28 48.03 + 0.27 47.88 + 0.42 — — — 0.245
Mean birth length disparity (cm) 1.05 +0.195 .08 +0.148 .33 +0.23 — — — 0.655
Mean birth length disparity (%) 2.30 4+ 0.00 2.34 +0.00 243 £+ 0.0l — — — 0.670

Data are presented as numbers (%) or mean + SD. RR, rate ratio; 95% Cl, confidence interval.

€T0Z ‘S AInc uo (JINYV) Arigi] AiseAluN eRYUY B /B10'seulnolploixo deiwnyy/:dny wolj pepeojumod

9ZIS YMIq UO BIPSW 3UN3Nd 0AIqUID JO 39347

S9L1


http://humrep.oxfordjournals.org/

1766

Lin et al.

Table IV Results of multiple regression analysis among live born singletons.

Birthweight (g)

B t P-value
Media | 0.050 1.777 0.076
Media 2 0.042 1.496 0.135
ICSI (versus IVF) —0.005 —0.141 0.888
Maternal age (per year) —0.032 —0.708 0.479
Paternal age (per year) —0.054 —1.316 0.188
Maternal height (per cm) 0.072 2.477 0.013*
Maternal weight (per kg) 0.148 5.130 0.000*
Paternal height (per cm) 0.045 1.410 0.159
Paternal weight (per kg) —0.029 —0.916 0.360
Types of subfertility 0.018 0.605 0.546
Duration of subfertility (per year) 0.006 0.184 0.854
Male versus other 0.041 0.874 0.382
Unexplained versus other 0.036 0.850 0.396
Tubal versus other —0.034 —1.152 0.250
Gestational age at birth (per week) 0.345 12.796 0.000*
Gender (male versus female) 0.083 3.103 0.002*
No. of transferred embryos 0.026 0.856 0.392
Cycle number (> 1 versus ) —0.004 —0.150 0.881
Newborn complications (yes or no) —0.034 —1.265 0.206

Birth length (cm) Gestational age at birth

(weeks)

Bt ............... p_va|ue Bt ............... pva|ue
0.032 0.884 0.377 —0.043 —1.436 0.151
0.053 |.435 0.152 —0.019 —0.641 0.522

—0.027 —0.608 0.543 0.084 2.239 0.025*

=0.113 —1.869 0.062 —0.020 —0411 0.68
0.036 0.666 0.506 0.001 0.018 0.985
0.013 0.332 0.740 —0.007 -0.215 0.830
0.073 |.888 0.059 0.025 0.799 0.425
0.084 1.985 0.048* 0.046 1.334 0.182
0.006 0.147 0.883 —0.066 —1.907 0.057

—0.022 —0.568 0.570 -0.018 —0.583 0.560
0.010 0.250 0.803 —0.034 —1.007 0314
0.032 0.513 0.608 0.153 3.071 0.002*
0.030 0.525 0.600 0.114 2.473 0.014*

—0.015 —0.383 0.702 0.002 0.066 0.948
0.224 6.328 0.000* — — —
0.068 1.914 0.056 —0.085 —2.952 0.003*
0.006 0.136 0.892 —0.072 —2.160 0.031*
0.031 0.838 0.402 —0.029 —0.962 0.336

—0.086 —2.465 0.014* —0.078 —2.700 0.007*

B is the regression coefficient.
*P < 0.05.

and twins were also compared, which have not been analyzed in pre-
vious studies. Similar to the birthweights, there were no significant dif-
ferences in the mean birth lengths of embryos cultured in different
media. Furthermore, the inter-twin mean birthweight and length dis-
parities were analyzed, but were not shown to be significantly different
between media types. It seems possible that the embryo culture
medium does not influence the neonatal birthweight or length.
Fu and Yu (2011) constructed newborn weight-for-gestational age
nomograms based on a computerized perinatal database. The
weights of 28 052 singleton deliveries derived from spontaneous con-
ceptions were analyzed. Fu and Yu (201 |) reported that the neonatal
mean weights were 3160, 3282 and 3388 g at 38, 39 and 40 weeks of
gestation, respectively. The mean birth length of naturally conceived
children born was ~50.5 cm (Jie et al., 201 1). Indeed, the birthweights
and lengths of newborns derived from IVF in this study are similar to
newborns derived from spontaneous conceptions. Although this study
has also confirmed a lack of effect due to culture media, the present
analysis is limited because only three commercially available culture
media were evaluated. Additional research needs to be conducted
to analyze the effects of other culture media formulations.

Multiple linear regression analysis was performed to determine the
relationship between confounding factors and birthweight and length.
Maternal weight, gestational age and neonatal gender were significantly
related to birthweight in agreement with earlier studies (Oken et dl.,
2003). Surprisingly, maternal height also correlated with the birth-
weight in the current study. It is possible that race influences

newborn birthweight. The present study is the first study in which
the relationship between birth length and paternal height, gestational
age and newborn complications was investigated. When the analysis
was adjusted for the gestational age at birth, significant differences in
birthweight were not observed among the three commercial
embryo culture media. However, we showed that the gestational
age was related to the fertilization method, cause of infertility,
gender, number of transferred embryos and newborn complications.
Previous studies have demonstrated that there are significant relation-
ships between the fertilization method, etiology of infertility, and fetal
gender and length of gestation (Lao et al., 201 |; Nelson and Lawlor,
2011). Transfer of multiple embryos results in a high rate of multiple
pregnancies and preterm delivery (Barri et al., 2011). Craigo (2011)
also reported that newborn complications increased the incidence
of preterm infants. Therefore, it is possible that the fertilization
method, infertility types, gender, number of transferred embryos
and newborn complications influence gestational age.

Epigenetic programming of gametes and early post-fertilization
embryos is essential for the development of a new organism, a
process that requires DNA methylation, histone modification, chro-
matin remodeling and interfering RNA (Shi and Wu, 2009; Hales
et al, 2011). Increasing data suggest that ovarian stimulation and
embryo culture medium affect genetic imprinting. Serum-containing
medium decreases the expression of H19 and Igf2 and reduces birth-
weight compared with serum-free medium in mice (Khosla et al.,
2001). Although the media were supplemented by different sera,
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effects of culture media on birthweight and length were not demon-
strated in the present study. The birthweight and length of newborns
were also not found to differ significantly when patients used different
stimulation protocols. It is possible that the culture environment still
influences the epigenetic variation of the embryo, which may not be
represented by birthweight and length. Therefore, the effects of
embryo culture medium on the health of ART-derived children
need additional research.

In conclusion, the present study showed that no significant differ-
ences exist in birthweight and length after the use of the three
embryo culture media for in vitro embryo culture. However, more re-
search needs to be performed to evaluate the long-term effects of
culture medium on embryo development.
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Supplementary data are available at http://humrep.oxfordjournals.org/.
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