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STUDY QUESTION: Does lifestyle intervention consisting of an energy-restricted diet, enhancement of physical activity and motivational
counseling prior to IVF improve embryo utilization rate (EUR) and cumulative live birth rate (CLBR) in women with obesity?

SUMMARY ANSWER: A 6-month lifestyle intervention preceding IVF improved neither EUR nor CLBR in women with obesity in the
first IVF treatment cycle where at least one oocyte was retrieved.

WHAT IS KNOWN ALREADY: A randomized controlled trial (RCT) evaluating the efficacy of a low caloric liquid formula diet (LCD)
preceding IVF in women with obesity was unable to demonstrate an effect of LCD on embryo quality and live birth rate: in this study, only
one fresh embryo transfer (ET) or, in case of freeze-all strategy, the first transfer with frozen-thawed embryos was reported. We hypothe-
sized that any effect on embryo quality of a lifestyle intervention in women with obesity undergoing IVF treatment is better revealed by
EUR and CLBR after transfer of all fresh and frozen-thawed embryos.

STUDY DESIGN, SIZE, DURATION: This is a nested cohort study within an RCT, the LIFEstyle study. The original study examined
whether a 6-month lifestyle intervention prior to infertility treatment in women with obesity improved live birth rate, compared to prompt
infertility treatment within 24 months after randomization. In the original study between 2009 and 2012, 577 (three women withdrew in-
formed consent) women with obesity and infertility were assigned to a lifestyle intervention followed by infertility treatment (n¼ 289) or
to prompt infertility treatment (n¼ 285).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Only participants from the LIFEstyle study who received IVF treatment were
eligible for the current analysis. In total, 137 participants (n¼ 58 in the intervention group and n¼ 79 in the control group) started the first
cycle. In 25 participants, the first cycle was cancelled prior to oocyte retrieval mostly due to poor response. Sixteen participants started a
second or third consecutive cycle. The first cycle with successful oocyte retrieval was used for this analysis, resulting in analysis of 51 par-
ticipants in the intervention group and 72 participants in the control group. Considering differences in embryo scoring methods and ET day
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strategy between IVF centers, we used EUR as a proxy for embryo quality. EUR was defined as the proportion of inseminated/injected
oocytes per cycle that was transferred or cryopreserved as an embryo. Analysis was performed per cycle and per oocyte/embryo. CLBR
was defined as the percentage of participants with at least one live birth from the first fresh and subsequent frozen-thawed ET(s). In addi-
tion, we calculated the Z-score for singleton neonatal birthweight and compared these outcomes between the two groups.

MAIN RESULTS AND THE ROLE OF CHANCE: The overall mean age was 31.6 years and the mean BMI was 35.4§ 3.2 kg/m2 in the
intervention group, and 34.9§ 2.9 kg/m2 in the control group. The weight change at 6 months was in favor of the intervention group
(mean difference in kg vs the control group: �3.14, 95% CI: �5.73 to �0.56). The median (Q25; Q75) number of oocytes retrieved was
4.00 (2.00; 8.00) in the intervention group versus 6.00 (4.00; 9.75) in the control group, and was not significantly different, as was the
number of oocytes inseminated/injected (4.00 [2.00; 8.00] vs 6.00 [3.00; 8.75]), normal fertilized embryos (2.00 [0.50; 5.00] vs 3.00
[1.00; 5.00]) and the number of cryopreserved embryos (2.00 [1.25; 4.75] vs 2.00 [1.00; 4.00]). The median (Q25; Q75) EUR was 33.3%
(12.5%; 60.0%) in the intervention group and 33.3% (16.7%; 50.0%) in the control group in the per cycle analysis (adjusted B: 2.7%, 95%
CI: �8.6% to 14.0%). In the per oocyte/embryo analysis, in total, 280 oocytes were injected or inseminated in the intervention group,
113 were utilized (transferred or cryopreserved, EUR ¼ 40.4%); in the control group, EUR was 30.8% (142/461). The lifestyle intervention
did not significantly improve EUR (adjusted odds ratio [OR]: 1.36, 95% CI: 0.94–1.98) in the per oocyte/embryo analysis, taking into ac-
count the interdependency of the oocytes per participant. CLBR was not significantly different between the intervention group and the
control group after adjusting for type of infertility (male factor and unexplained) and smoking (27.5% vs 22.2%, adjusted OR: 1.03, 95% CI:
0.43–2.47). Singleton neonatal birthweight and Z-score were not significantly different between the two groups.

LIMITATIONS, REASONS FOR CAUTION: This study is a nested cohort study within an RCT, and no power calculation was per-
formed. The randomization was not stratified for indicated treatment, and although we corrected our analyses for baseline differences,
there may be residual confounding. The limited absolute weight loss and the short duration of the lifestyle intervention might be insufficient
to affect EUR and CLBR.

WIDER IMPLICATIONS OF THE FINDINGS: Our data do not support the hypothesis of a beneficial short-term effect of lifestyle in-
tervention on EUR and CLBR after IVF in women with obesity, although more studies are needed as there may be a potential clinically rel-
evant effect on EUR.

STUDY FUNDING/COMPETING INTEREST(S): The study was supported by a grant from ZonMw, the Dutch Organization for
Health Research and Development (50-50110-96-518). A.H. has received an unrestricted educational grant from Ferring pharmaceuticals
BV, The Netherlands. B.W.J.M. is supported by an NHMRC Investigator grant (GNT1176437). B.W.J.M. reports consultancy for Guerbet,
has been a member of the ObsEva advisory board and holds Stock options for ObsEva. B.W.J.M. has received research funding from
Guerbet, Ferring and Merck. F.J.M.B. reports personal fees from membership of the external advisory board for Merck Serono and a re-
search support grant from Merck Serono, outside the submitted work.

TRIAL REGISTRATION NUMBER: The LIFEstyle RCT was registered at the Dutch trial registry (NTR 1530). https://www.trialregis
ter.nl/trialreg/admin/rctview.asp?TC ¼ 1530.

Key words: obesity / lifestyle intervention / embryo quality / embryo utilization rate / cumulative live birth rate

WHAT DOES THIS MEAN FOR PATIENTS?
Women with obesity do not achieve a pregnancy after IVF treatment as easily as normal-weight women. Children born from obese moth-
ers are more likely to have a high birthweight and are more prone to disease in later life. Improving maternal health and reducing body
weight before pregnancy is recommended for women with obesity prior to infertility treatment. A lifestyle intervention, meaning changes
to how the women live—for example, changes in what and how much they eat and how much exercise they take—is the recommended
approach to improve health by reducing body weight. However, studies in obese women that evaluated the effects of lifestyle intervention
before IVF treatment have not shown clear results so far. In particular, it is not known how lifestyle intervention may influence the very
early development of the embryo that is formed during IVF. In this study, we investigated embryo quality in women who underwent IVF af-
ter a 6-month lifestyle intervention. The intervention consisted of diet modification, physical activity enhancement and motivational counsel-
ing. We compared women who received the intervention to women who did not. The number of embryos that showed sufficient early de-
velopment to be transferred back into the womb, the number of live births and the body weight of the babies were compared between
these groups.

We compared 51 women who followed the lifestyle intervention to 72 women who did not. We found that the lifestyle intervention did
not increase the number of embryos that could be transferred into the womb. There was also no difference between the two groups in
the number of babies that were born and in the birthweight of the babies. Further research is necessary to increase our understanding of
the complex ways in which lifestyle intervention can influence embryo quality.
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.
Introduction
Obesity is associated with decreased live birth rates following IVF

(Luke et al., 2011a,b; Kawwass et al., 2016; Sermondade et al., 2019).
Several underlying mechanisms of embryonic origin and endometrial
receptivity may lead to this decreased live birth rate. Oocytes re-
trieved from women with obesity are smaller compared to normal-
weight women and they reach the morula stage faster after fertilization
(Leary et al., 2015). In women with overweight or obesity, the glucose
consumption and endogenous triglyceride levels are disrupted at the
blastocyst stage, which leads to abnormal developmental timing and
metabolic regulation within embryos (Leary et al., 2015). Additional
studies have demonstrated differences in the follicular fluid composi-
tion between obese and non-obese women, which might negatively af-
fect oocyte quality and therefore hamper embryo development
(Robker et al., 2009; Jungheim et al., 2011; Valckx et al., 2012).
Moreover, decreased endometrial receptivity also leads to lower im-
plantation rates and higher miscarriage rates in women with obesity
(Bellver et al., 2010, 2013; Provost et al., 2016).

Fetal growth and neonatal outcomes are negatively impacted by ma-
ternal obesity, with higher rates of intrauterine fetal death, gestational
diabetes, pre-eclampsia, large for gestational age (LGA) babies, con-
genital anomalies and admission to a neonatal intensive care unit
(Leddy et al., 2008). Children born from obese mothers are at higher
risk of obesity and metabolic disease later in life (Howell and Powell,
2017). Although there is still a lack of evidence from randomized con-
trolled trials (RCT) evaluating the effectiveness of lifestyle intervention
prior to IVF treatment and a debate of the effectiveness of lifestyle in-
tervention prior to IVF treatment is ongoing (Norman and Mol, 2018),
up until now optimizing maternal pre-pregnancy health is recom-
mended for women with obesity prior to conception or infertility
treatment (Practice Committee of the American Society for
Reproductive Medicine, 2015).

Data regarding the effectiveness of lifestyle intervention on oocyte
or embryo quality and live birth rate are scarce. In a prospective co-
hort study, Chavarro et al. (2012) reported that short-term weight
loss was associated with a higher percentage of Metaphase II oocytes
retrieved but this had no effect on embryo development. An RCT
evaluating the efficacy of a low caloric liquid formula diet (LCD) leading
to effective weight reduction preceding IVF showed that LCD in
women with obesity indicated for IVF did not affect embryo quality
(number of good-quality embryos, number of transferred and frozen
embryos) and the live birth rate following IVF, although more natural
conceptions occurred in the intervention arm (Einarsson et al., 2017).
In this study, only one fresh embryo transfer (ET), or in case of a
freeze-all strategy, the first transfer with frozen-thawed embryos, was
reported. In fresh IVF cycles, the morphologically best embryo(s) are
usually chosen for transfer, keeping any remaining good-quality em-
bryos for future frozen-thawed ET when necessary. Therefore, the
overall effect of weight loss on embryo quality could be underesti-
mated if frozen-thawed ET(s) following the fresh cycle and pregnancies
from these transfers are ignored.

We conducted and published an RCT examining whether lifestyle
intervention prior to infertility treatment improves live birth rates in
women with obesity (Mutsaerts et al., 2016). Lifestyle intervention

prior to infertility treatment did not result in higher rates of a vaginal
birth of a singleton at 37 weeks or more within 24 months after ran-
domization compared with prompt infertility treatment. This analysis
included all live births resulting from natural conception, ovulation in-
duction (OI), IUI and IVF or ICSI. Embryo quality parameters were
not investigated. We now present the evaluation of the effect of life-
style intervention on embryo quality in a nested cohort of women
scheduled for IVF or ICSI during the RCT. The aim of this study was
to examine whether a lifestyle intervention improves embryo quality,
expressed as embryo utilization rate (EUR) and cumulative live birth
rate (CLBR) following the first fresh and subsequent frozen-thawed
ET(s). Considering the consecutive processes that lead to pregnancy
and eventually childbirth, in which embryo utilization reflects an early
stage and live birth encompasses the full process, the effectiveness of
lifestyle intervention could be reflected by reporting both of the
outcomes.

Materials and methods

Study design
This is a nested cohort study within an RCT. Data for women who
underwent IVF or ICSI were selected from the database of the
LIFEstyle study (Mutsaerts et al., 2016). Briefly, the original study in-
cluded 577 women (3 women withdrew informed consent, leaving
574 available for analysis) of reproductive age (18–39 years) with obe-
sity and infertility who were assigned to a 6-month lifestyle interven-
tion followed by 18 months of infertility treatment (n¼ 289) or to
prompt infertility treatment for 24 months (n¼ 285) between 2009
and 2012. The main goal of the lifestyle intervention was to reduce
body weight by at least 5% of the original during the 6-month interven-
tion period or to reduce the BMI to below 29 kg/m2 (Mutsaerts et al.,
2010). The intervention consisted of an energy-restricted diet (using
an average decrease of 500 kcal below their baseline intake, but not
<1200 kcal per day), enhancement of physical activity (using a step
counter to increase up to 10 000 steps a day and moderate physical
activities lasting at least 30 min for two to three times a week) and
motivational counseling.

We included infertile women with a BMI �29 kg/m2. Infertility was
defined as the failure to become pregnant within 12 months of unpro-
tected intercourse. All participants received explorative fertility investi-
gation before randomization to determine the type of infertility and
the concomitant infertility treatment. Participants were scheduled for
OI, IUI or IVF/ICSI based on the type of infertility, physical examina-
tion, medical history and the Hunault prediction model (Hunault et al.,
2004). Subsequently, participants in the intervention group started the
lifestyle intervention, while participants in the control group had care
as usual, including immediate infertility treatment if needed. The
follow-up time was 24 months after randomization.

Participants from the LIFEstyle study who received IVF treatment
were eligible for the current analysis. The first complete IVF cycle lead-
ing to a successful oocyte retrieval, including subsequent frozen-
thawed ET(s) in case no live birth occurred after the fresh ET after
randomization, was included.

Lifestyle intervention does not improve embryo quality 3
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.Oocyte/embryo culture and embryo
outcome parameters
IVF or ICSI with controlled ovarian stimulation (COS) or modified na-
ture cycle (MNC) (Pelinck et al., 2008) was performed according to
the local protocols of each participating hospital. In general, �4 h after
follicular aspiration, oocytes were either inseminated with motile sper-
matozoa (IVF) or injected with one spermatozoon (ICSI) based on the
semen quality. The next morning, the presence of two pronuclei
(2PN) was checked for each oocyte. Embryonic development was
checked on a daily basis. ET was performed on Day 2, 3 or 4 after fol-
licle aspiration. Strategy for the number of embryos to transfer differed
for each participating hospital, but no more than two embryos were
transferred. Supplementary embryos were cryopreserved if embryo
quality was sufficient according to standards of the participating IVF
centers. After the pregnancy test was positive, vaginal sonography was
performed �4 weeks after ET. In case no pregnancy occurred in the
fresh cycle, frozen embryos were thawed and transferred if available
until the last surviving embryo was transferred. Cycles were prepared
using either a natural cycle evaluated with sonography to induce ovula-
tion using hCG when a dominant follicle reached at least 18 mm or an
artificial cycle using orally administered estradiol and vaginal progester-
one (600 mg divided into three dosages a day).

Oocyte/embryo parameters included the number of oocytes re-
trieved, number of oocytes inseminated/injected, number of oocytes
fertilized, number of normal fertilized embryos (defined as the pres-
ence of 2PN), day of ET and number of transferred embryos, number
of cryopreserved embryos and EUR. In the current analysis, EUR was
defined as the proportion of inseminated/injected oocytes per cycle
that was transferred or cryopreserved as an embryo. In case the first
cycle was cancelled prior to oocyte retrieval owing to poor response
or anticipation of ovarian hyperstimulation syndrome, the subsequent
cycle with successful oocyte retrieval was used for the analysis.

Pregnancy and neonatal data collection
Research nurses recorded data on weight at baseline, at 3 and
6 months after randomization or at the end of lifestyle intervention in
case, the target weight was reached, details of the IVF treatment and
pregnancy outcomes after ET in a web-based digital form. Data on the
course of pregnancy and childbirth were also recorded when a woman
conceived within 24 months after randomization but childbirth oc-
curred after the 24-month follow-up. Clinical pregnancy was defined
as a pregnancy diagnosed by visualization of one or more intra-uterine
gestational sacs. Ongoing pregnancy was defined as a viable intrauter-
ine pregnancy of at least 12 weeks duration confirmed on an ultra-
sound scan. Miscarriage was defined as the loss of an intra-uterine
pregnancy after a clinical pregnancy was registered. Live birth was de-
fined as newborns, after 22 weeks’ gestation, that exhibits any sign of
life. CLBR was defined as the percentage of participants with at least
one live birth from the first fresh and subsequent frozen-thawed ET(s).
Only the first live birth counted per participant. Neonatal outcomes
were neonatal birthweight, gestational age, gender and small for gesta-
tion age (SGA) or large for gestation age (LGA), defined as birthweight

below the 10th or above the 90th percentile, respectively, according
to the Dutch reference curves (Visser et al., 2009).

Statistical analysis
SPSS Statistics 25 (IBM, Chicago, IL, USA) was used to perform the
analysis. A P-value of <0.05 was considered to indicate statistically sig-
nificant difference. Normality testing was performed with histograms,
normal probability plots (Q–Q plots) combined with the Kolmogorov–
Smirnov (K–S) test. Data are presented as mean § SD (normally dis-
tributed) or median with interquartile (Q25 and Q75, non-normally
distributed) for continuous variables. Categorical variables are pre-
sented as the proportion (percent).

Baseline characteristics of included participants were compared be-
tween the intervention and the control group using Fisher’s exact test or
chi-square test for categorical variables and Student’s T-test or Mann–
Whitney U test for continuous variables. In addition, we compared base-
line characteristics between participants with least one oocyte retrieved
(participants included in the analysis) and participants with unsuccessful
IVF/ICSI treatment (participants not included in the analysis).

To compare the characteristics of oocytes and embryos, analysis
was performed per cycle and per oocyte/embryo. For the per cycle
analysis, linear regression was used for continuous outcomes and bi-
nary (multinomial) logistic regression was used for categorical out-
comes. Unadjusted and adjusted odds ratio (OR) and 95% CI or mean
difference and 95% CI are presented. Analyses were adjusted for type
of infertility (unexplained and male factor) and smoking based on their
difference between groups at baseline. For the per oocyte/embryo
analysis, a generalized estimation equations model with an exchange-
able or independent correlation matrix was used to analyze the effect
of the lifestyle intervention on oocyte/embryo parameters, taking the
dependency of oocytes from the same women into consideration.
Afterward, type of infertility (unexplained and male factor) and smok-
ing were added to the model as potential confounders.

In the per cycle analysis, EUR was first calculated per participant as
the number of utilized embryos (transferred or cryopreserved) divided
by the number of inseminated or injected oocytes. Then the average
rate was calculated and presented for the intervention and the control
group. In the per oocyte/embryo analysis, utilization of each individual
embryo was recorded and EUR per group was calculated across all in-
dividual embryos. The denominator was the total number of insemi-
nated or injected oocytes per group. The proportion and 95% CI
were presented for the intervention and the control group.

Pregnancy outcomes (clinical pregnancy, ongoing pregnancy, miscar-
riage and live birth after the fresh ET and frozen-thawed ET and cumu-
lative outcomes per participant) and singleton neonatal birthweight,
birthweight in Z-score, gestational age, gender, LGA or SGA were
compared using linear regression or logistic regression where relevant,
adjusted for potential confounders as mentioned above. The Z-score
for singleton neonatal birthweight was calculated after adjusting for
gestational age, offspring gender and parity (Land, 2006).

In an MNC, only one oocyte is retrieved. Thus, EUR in the per cy-
cle analysis is either 0% or 100% for these cycles. A sensitivity analysis

4 Wang et al.
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excluding MNC was performed to evaluate the influence of these
cycles on our overall results.

Results

Study population
The flowchart of the selection of current study groups is shown in
Fig. 1. In total, 158 participants were scheduled for IVF/ICSI treatment
at randomization. The flowchart shows the details of women that con-
ceived naturally, dropped out, lost to follow-up, or had cancelled
cycles and hence the consecutive cycle was used for the analysis, leav-
ing 51 cycles of women in the intervention group, and 72 in the con-
trol group.

Baseline characteristics
The baseline characteristics of included participants in the current
study are shown in Table I. The overall mean age was 31.6 years in
both groups. There was no statistically significant difference in maternal
age at the start of the IVF treatment between the intervention group

and the control group (32.5 vs 32.2 years, P¼ 0.74). The mean BMI
was 35.4§ 3.2 kg/m2 in the intervention group, and 34.9§ 2.9 kg/m2

in the control group. Type of infertility (unexplained, male factor) and
smoking habit differed significantly between the two groups. In the in-
tervention group, there were more smokers than in the control group
(35.3% vs 18.1%, respectively P¼ 0.03). The differences between par-
ticipants included in the analysis and participants not included are
shown in Supplementary Table SI.

Weight change, medication usage, and
oocyte/embryo characteristics
After the 6-month lifestyle intervention, the mean weight change in 51
women in the intervention group selected for this analysis was
�3.95 kg, while it was �0.80 kg in 72 women in the control group.
The mean difference in weight change between the intervention and
control groups was statistically significant (mean difference in kg:
�3.14, 95% CI: �5.73 to �0.56) in favor of the intervention group
(Table II). The stimulation method (COS or MNC), COS regimes (an-
tagonist or agonist) and FSH dosage were not significantly different be-
tween the two groups (Table II). The median (Q25; Q75) number of
oocytes retrieved was 4.00 (2.00; 8.00) in the intervention group

Figure 1. Flowchart of the selection of the study group. *Including participants who were indicated for other treatments and then switched
to IVF/ICSI treatment. @Including participants who did not complete the lifestyle intervention. OHSS: ovarian hyperstimulation syndrome.
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versus 6.00 (4.00; 9.75) in the control group, and was not significantly
different, as was the number of oocytes inseminated/injected (4.00
[2.00; 8.00] vs 6.00 [3.00; 8.75]), and the number of normal fertilized
embryos (2.00 [0.50; 5.00] vs 3.00 [1.00; 5.00]). Twenty participants
in the intervention group (39.2%) had at least one cryopreserved em-
bryo versus 37.5% (27/72) in the control group. The median number
of cryopreserved embryos was 2.00 (1.25; 4.75) in the intervention
group and 2.00 (1.00; 4.00) in the control group without significant dif-
ference (adjusted B: 0.77, 95% CI: �0.58 to 2.13). The median (Q25;
Q75) EUR was 33.3% (12.5%; 60.0%) in the intervention group and
33.3% (16.7%; 50.0%) in the control group in the per cycle analysis
(adjusted B: 2.7%, 95% CI: �8.6% to 14.0%). In the per oocyte/em-
bryo analysis, in total, 280 oocytes were injected or inseminated in the
intervention group, of which 113 were utilized (EUR ¼ 40.4%); in the
control group, EUR was 30.8% (142/461). The lifestyle intervention
did not significantly improve EUR (crude OR: 1.35, 95% CI: 0.94–1.94;
adjusted OR: 1.36, 95% CI: 0.94–1.98) in the per oocyte/embryo
analysis.

Pregnancy and neonatal outcomes
Clinical pregnancy, ongoing pregnancy, miscarriage and live birth result-
ing from fresh and frozen-thawed ET(s) are shown in Table III. After
the first fresh ET, there were 27.5% (14/51) clinical pregnancies and
25.5% (13/51) live births in the intervention group, and 27.8% (20/
71) and 18.1% (13/72) in the control group. There were no significant
differences in clinical pregnancy rates (adjusted OR: 0.93, 95% CI:
0.40–2.16) and live births rates (adjusted OR: 1.21, 95% CI: 0.48–
3.06) between the two groups. Among 38 women not having a live
birth after the first ET in the intervention group, there were 14 partici-
pants who had at least one cryopreserved embryo. Among 59 women

not having a live birth after the first ET in the control group, 20 partici-
pants had at least one cryopreserved embryo. All cryopreserved em-
bryos from those 34 women were thawed and transferred if they
survived, leading to 1 and 3 live births, respectively, in the intervention
and the control group. CLBR was 27.5% in the intervention group ver-
sus 22.2% in the control group (crude OR: 1.32, 95% CI: 0.58–3.03;
adjusted OR: 1.03, 95% CI: 0.43–2.47). The singleton neonatal birth-
weight was 3371§ 606.4 g (n¼ 13) and 3540§ 588.5 g (n¼ 16) in
the intervention group and the control group, respectively (adjusted B:
�136.6 g, 95% CI: �634.4 to 361.3). No significant differences be-
tween groups were found in gender and LGA or SGA of the
neonates.

Sensitivity analysis
Exclusion of 19 MNC cases did not affect the main results of EUR and
CLBR (Supplementary Tables SII and SIII).

Discussion
This nested cohort study within an RCT showed that, compared to
prompt IVF, a 6-month lifestyle intervention preceding IVF did not sig-
nificantly influence EUR and CLBR in the first cycle leading to success-
ful oocyte retrieval. Moreover, birthweight of the offspring was not
affected. Nevertheless, our findings indicate that there may potentially
be a clinically relevant effect on EUR, but further studies in larger pop-
ulations are required to confirm this.

Little is known about the effect of a lifestyle intervention on embryo
quality in women with obesity who receive IVF treatment. We hypoth-
esized that a lifestyle intervention could have a beneficial effect on

............................................................................................................................................................................................................................

Table I Baseline characteristics of participants with an indication for IVF and with at least one successful oocyte retrieval.

IVF/ICSI group with LIFEstyle in-
tervention (n 5 51)

IVF/ICSI control group without
LIFEstyle intervention (n 5 72)

P-value

Maternal age (years) 31.6§ 4.6 31.6§ 4.5 1.00

Maternal age when starting IVF (years) 32.5§ 4.5 32.2§ 4.5 0.74

BMI (kg/m2) 35.4§ 3.2 34.9§ 2.9 0.33

Smoking 18 (35.3%) 13 (18.1%) 0.03

History of previous pregnancies

Live birth 14 (27.5%) 15 (20.8%) 0.39

Miscarriage 9 (17.6%) 10 (13.9%) 0.57

Ectopic pregnancy 3 (5.9%) 3 (4.2%) 0.69

Duration of infertility (years) 2.33 (1.67; 4.00) 2.17 (1.35; 4.38) 0.57

Primary infertility 30 (58.8%) 50 (69.4%) 0.22

Type of infertility#

Anovulation 4 (7.8%) 9 (12.5%) 0.41

Unexplained 5 (9.8%) 21 (29.2%) 0.01

Male factor 38 (74.5%) 39 (54.2%) 0.02

Tubal factor 8 (15.7%) 9 (12.5%) 0.61

Data are presented as mean § SD or median with interquartile (Q25; Q75) or proportion (percent). The differences between two groups were compared using Fisher’s exact test or
chi-square test for categorical variables, and Student’s T-test or Mann–Whitney U test for continuous variables.
#Some women had more than one diagnosis, an overall P-value was unavailable.
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Table II Weight change, medication usage, and oocyte/embryo characteristics.

Analysis per cycle

Characteristics IVF/ICSI group with
LIFEstyle

intervention (n 5 51)

IVF/ICSI control group
without LIFEstyle

intervention (n 5 72)

Unadjusted OR (95% CI)
or mean difference

(95% CI)

Adjusted OR (95% CI)
or B (95% CI)

Weight change at 6 months af-
ter intervention (kg)

�3.95§ 6.98 �0.80§ 4.10 �3.14 (�5.73 to �0.56)* �3.12 (�5.63 to �0.60)*

BMI change at 6 months after
intervention (kg/m2)

�1.42§ 2.53 �0.31§ 1.39 �1.11 (�2.04 to �0.19)* �1.12 (�2.01 to �0.23)*

Stimulation method

MNC 9 (17.6%) 10 (13.9%) 1.33 (0.50–3.55) 1.20 (0.43–3.36)

COS 42 (82.4%) 62 (86.1%) Reference Reference

COS regimes

Antagonist 3 (7.1%) 4 (6.5%) 1.12 (0.24–5.26) 1.88 (0.32–11.0)

Agonist 39 (92.9%) 58 (93.5%) Reference Reference

Total dose of FSH (IU) 2152§ 1242 2126§ 1177 26.21 (�417.9 to 470.3) �13.45 (�482.3 to 455.4)

FSH duration (days) 12.1§ 5.29 12.5§ 6.36 �0.44 (�2.63 to 1.75) �0.73 (�3.05 to 1.59)

Fertilization method

IVF 13 (25.5%) 26 (36.1%) 0.61 (0.27–1.34) 0.74 (0.24–2.25)

ICSI 38 (74.5%) 46 (63.9%) Reference Reference

Number of oocytes retrieved 4.00 (2.00; 8.00) 6.00 (4.00; 9.75) �1.04 (�2.81 to 0.73) �1.61 (�3.44 to 0.22)

Number of oocytes insemi-
nated/injected

4.00 (2.00; 8.00) 6.00 (3.00; 8.75) �0.91 (�2.58 to 0.75) �1.38 (�3.09 to 0.32)

Number of oocytes fertilized 3.00 (1.00; 7.00) 4.00 (1.00; 7.00) �0.34 (�1.81 to 1.13) �0.90 (�2.42 to 0.63)

Number of normal fertilized
embryos (2PN)

2.00 (0.50; 5.00) 3.00 (1.00; 5.00) �0.24 (�1.42 to 0.94) �0.62 (�1.86 to 0.63)

Fresh ET performed

Yes 40 (78.4%) 63 (87.5%) 0.52 (0.20–1.37) 0.40 (0.14–1.16)

No 11 (21.6%) 9 (12.5%) Reference Reference

Day of ET

2 23 (57.5%) 29 (46.0%) 2.91 (0.73–11.7) 3.51 (0.83–14.9)

3 14 (35.0%) 23 (36.5%) 2.23 (0.53–9.41) 1.95 (0.44–8.65)

4 3 (7.5%) 11 (17.5%) Reference Reference

Number of transferred
embryos

1 35 (87.5%) 48 (76.2%) 2.19 (0.73–6.58) 2.40 (0.74–7.79)

2 5 (12.5%) 15 (23.8%) Reference Reference

Cryopreservation performed

Yes 20 (39.2%) 27 (37.5%) 1.08 (0.51–2.25) 1.03 (0.47–2.25)

No 31 (60.8%) 45 (62.5%) Reference Reference

Number of cryopreserved
embryos

2.00 (1.25; 4.75) 2.00 (1.00; 4.00) 1.03 (-0.29–2.35) 0.77 (-0.58–2.13)

Number of cryopreserved
embryos categorized

0 31 (60.8%) 45 (62.5%) 0.95 (0.34–2.63) 0.93 (0.33–2.64)

1 5 (9.8%) 11 (15.3%) 0.63 (0.16–2.52) 0.70 (0.17–2.91)

2 7 (13.7%) 5 (6.9%) 1.93 (0.45–8.33) 2.00 (0.45–8.87)

More than 2 8 (15.7%) 11 (15.3%) Reference Reference

EUR1 33.3% (12.5%; 60.0%) 33.3% (16.7%; 50.0%) 1.7% (�8.9% to 12.3%) 2.7% (�8.6% to 14.0%)

Analysis per oocyte/embryo

Characteristics Oocyte retrieved

(n¼ 304)

Oocyte retrieved (n¼ 504) Unadjusted GEE-OR (95% CI) Adjusted GEE-OR (95% CI)

(continued)
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..oocytes, leading to a better embryo quality expressed as higher EUR
and CLBR. We found that a 6-month lifestyle intervention did not im-
prove EUR or CLBR, despite significantly more weight loss in the inter-
vention group compared to the control group. Einarsson et al. (2017)
have also reported similar embryo quality (expressed as the number
of oocytes fertilized, the number of good-quality embryos on Day 2
and the number of transferred and frozen embryos) in the intervention
and the control group in their RCT investigating the efficacy of LCD
prior to IVF. However, there are important differences between
Einarsson’s study and ours. First of all, the study by Einarsson was an
RCT whereas our study is a post hoc analysis of an RCT. Their group
had, on average, a lower BMI at inclusion, ranging between 30 and
35 kg/m2, whereas in our study the average BMI for women indicated
for IVF at inclusion was �35 kg/m2. Second, different intervention
strategies were applied. While Einarsson used LCD with a daily intake
of 880 kcal to reduce body weight, we focused on healthy food
choices and moderate calorie restriction, i.e. maintaining more than
1200 kcal per day. We wanted to avoid rapid weight loss achieved by
crash diets, which is suspected to be detrimental to oocyte quality and
fertilization rates (Tsagareli et al., 2006). The study by Einarrsson
resulted in an average weight loss of 9 kg in the LCD intervention arm
compared to 4 kg weight loss in the intervention group in our study.
Moreover, our intervention protocol also aimed to increase moderate
physical activity (van Elten et al., 2018), while no intervention on physi-
cal activity was included in the RCT reported by Einarsson.
Additionally, a recent exploratory retrospective study illustrated that
the number of good-quality embryos did not significantly differ be-
tween women who underwent bariatric surgery resulting in a mean
BMI of 28.9 kg/m2 and women with a mean BMI of 37.7 kg/m2 who
did not have surgery (Grzegorczyk-Martin et al., 2020). Although the
differences between these studies complicate comparisons of the
results, all studies point in the same direction: after intervention with
diet in combination with exercise, or LCD, or bariatric surgery to re-
duce body weight in women with obesity, no improvement was found

regarding embryo quality or EUR as proxy for embryo quality. In addi-
tion to EUR in our study, CLBR and neonatal birthweight in Z-score
were not significantly different between the intervention and the con-
trol group. This is consistent with the existing evidence from a meta-
analysis on this topic (Lan et al., 2017).

Recent murine studies indicate that mitochondrial dysfunction is the pri-
mary underlying mechanism leading to obesity-induced fertility problems
(Grindler and Moley, 2013). The effects on oocyte quality of resumption
of regular chow diet after a high-fat diet have been explored in a murine
model of obesity induced by high-fat diet (Reynolds et al., 2015). Although
it was observed that an 8-week switch from a high-fat diet to a regular
diet lowered body weight and reduced cholesterol and glucose levels,
oocytes from the intervention group exhibited higher rates of meiotic spin-
dle, lipid accumulation and mitochondrial defects than oocytes from con-
trol mice on regular chow diet (Reynolds et al., 2015). The exact
mechanism is unclear, but these mice studies suggest that resumption of
regular diet might not reverse mitochondrial dysfunction in high-fat diet in-
duced obesity in a short period (Reynolds et al., 2015). Results from an-
other murine study showed that voluntary exercise independent of diet
did not benefit weight loss and failed to reverse the rate of oocytes with
deformed spindles and meiotic maturation. However, lipid metabolism im-
proved, and exercise exposure had potential beneficial effects on mito-
chondrial ultrastructure (Boudoures et al., 2016). We have shown that
participants in the intervention group indeed had more healthy food
choices with a reduction in soda, salty and sweet snack intake in the short
term (van Elten et al., 2018). However, our current analyses suggest that
this did not result in improvement of EUR. In our study, the lifestyle inter-
vention consisted of a combined strategy of caloric restriction, physical en-
hancement and behavior modification, which makes it difficult to examine
the effect of each factor independently. Furthermore, follicles develop for
several months before ovulation (McGee and Hsueh, 2000; Baerwald
et al., 2012), so the duration of our lifestyle intervention might have been
too short to measure its effect on EUR. Of note, although there was no
statistically significant difference in EUR between the two groups, the

............................................................................................................................................................................................................................

Table II Continued

Analysis per cycle

Characteristics IVF/ICSI group with
LIFEstyle

intervention (n 5 51)

IVF/ICSI control group
without LIFEstyle

intervention (n 5 72)

Unadjusted OR (95% CI)
or mean difference

(95% CI)

Adjusted OR (95% CI)
or B (95% CI)

Injected/inseminated
oocytes2

280 (92.1%) 461 (91.5%) 1.17 (0.62–2.19) 1.32 (0.68–2.55)

Embryo transferred3 45 (16.1%) 78 (16.9%) 0.94 (0.68–1.31) 0.99 (0.72–1.38)

Embryo cryopreserved3 68 (24.3%) 64 (13.9%) 1.57 (0.89–2.80) 1.49 (0.84–2.66)

Embryo utilized (EUR)4 113 (40.4%) 142 (30.8%) 1.35 (0.94–1.94) 1.36 (0.94–1.98)

Data are presented as mean § SD or median with interquartile (Q25; Q75) or proportion (percent). To compare the characteristics of oocytes and embryos, analysis was performed
per cycle and per oocyte/embryo. For the per cycle analysis, linear regression or binary (multinomial) logistic regression was used. For the per oocyte/embryo analysis, GEE was used.
Data were adjusted for type of infertility (unexplained and male factor) and smoking. Number of cryopreserved embryos categorized were adjusted for smoking due to failure to con-
verge in the fully-corrected model.
COS: controlled ovarian stimulation; ET: embryo transfer; EUR: embryo utilization rate; GEE: generalized estimating equations; MNC: modified nature cycle.
1 In the per cycle analysis, EUR was first calculated per subject, then averaged per group.
2 Expressed as proportion of the number of oocytes retrieved.
3 Expressed as proportion of the number of oocytes injected or inseminated.
4 In the per oocyte/embryo analysis, utilization of each individual embryo was used. The denominator was the total number of inseminated or injected oocytes per group.
*P< 0.05.
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..lifestyle intervention prior to IVF resulted in a relative increase of EUR by
35%, and patients may benefit significantly as a result. More studies or
pooled analyses are needed to verify these potentially clinically relevant
effects of lifestyle intervention.

We observed that for fresh cycles, there were fewer miscarriages in
the intervention group (7.1%) than in the control group (35.0%). Since
our numbers are small, this may be a chance finding. As suggested, the
role of the endometrium may also be critical in this respect (Bellver
et al., 2007). In a previous lifestyle intervention study, a 3-month com-
bined diet and exercise lifestyle intervention up-regulated endome-
trium insulin signaling in women with obesity and polycystic ovary
syndrome (Ujvari et al., 2014). The lifestyle intervention positively al-
tered glucose homeostasis and might, thus, restore the endometrium
function (Bellver et al., 2011; Ujvari et al., 2014). The importance of
endometrium was also illustrated by a large cohort study including
9587 first egg donation cycles, which showed a detrimental effect of

obesity of the recipients on the live birth rate. Parameters, such as fer-
tilization rate, embryo fragmentation and number of blastomeres, did
not differ significantly between recipient groups with various BMI levels.
These results suggest that obesity negatively alters uterine receptivity
rather than embryo quality, thereby affecting the live birth rate (Bellver
et al., 2013). Future clinical studies could further investigate the role of
lifestyle intervention in the improvement of endometrium function in
women with obesity.

There are several strengths of our study. Since obesity is associated
with increased cycle cancellation rates (Luke et al., 2011a,b), we evalu-
ated outcomes based on cycles with at least one successful oocyte re-
trieval rather than started cycles, which increased our number of
oocytes and embryos that could be analyzed. Analysis per oocyte re-
trieval rather than per started cycle allowed us to evaluate the effect
of lifestyle intervention on oocyte/embryo quality directly. We had de-
tailed prospective data of the study population, which made it possible

............................................................................................................................................................................................................................

Table III Pregnancy and neonatal outcomes.

IVF/ICSI group with LIFEstyle
intervention (n 5 51)

IVF/ICSI control group
without LIFEstyle

intervention (n 5 72)

Unadjusted OR (95% CI)
or mean difference

(95% CI)

Adjusted OR (95% CI)
or B (95% CI)

Fresh IVF/ICSI cycle1

Clinical pregnancy 14 (27.5%) 20 (27.8%) 0.98 (0.44–2.20) 0.93 (0.40–2.16)

Ongoing pregnancy 13 (25.5%) 15 (20.8%) 1.30 (0.56–3.04) 1.03 (0.42–2.52)

Miscarriage 1 (7.1%) 7 (35.0%) 0.14 (0.02–1.33) 0.19 (0.01–3.05)

Live births 13 (25.5%) 13 (18.1%) 1.55 (0.65–3.71) 1.21 (0.48–3.06)

Frozen-thawed cycles2

Clinical pregnancy 2 (14.3%) 4 (20.0%) 0.67 (0.10–4.26) 0.51 (0.08–3.49)

Ongoing pregnancy 1 (7.1%) 3 (15.0%) 0.44 (0.04–4.69) 0.34 (0.03–4.05)

Miscarriage3 1 (50.0%) 1 (25.0%) 3.00 (0.08–107) NA#

Live births4 1 (7.1%) 3 (15.0%) 0.44 (0.04–4.69) 0.34 (0.03–4.05)

Fresh IVF/ICSI cycle and subsequent frozen-thawed cycles3

Cumulative live births 14 (27.5%) 16 (22.2%) 1.32 (0.58–3.03) 1.03 (0.43–2.47)

Cumulative multiple births 1 (7.1%) 0 (0.0%) NA@ NA@

Neonatal outcomes4

Neonatal birthweight (g) 3371§ 606.4 3540§ 588.5 �169.4 (�626.4 to 287.6) �136.6 (�634.4 to 361.3)

Birth weight Z-score 0.28§ 0.90 0.64§ 1.11 �0.36 (�1.14 to 0.42) �0.23 (�1.09 to 0.64)

Gestational age (weeks) 38.8§ 1.9 39.1§ 1.9 �0.34 (�1.83 to 1.14) �0.52 (�2.08 to 1.04)

Gender

Male 6 (46.2%) 7 (43.8%) 1.10 (0.25–4.80) 0.89 (0.18–4.38)

Female 7 (53.8%) 9 (56.3%) Reference Reference

LGA 2 (15.4%) 5 (31.3%) 0.40 (0.06–2.52) 0.37 (0.05–2.67)

SGA 1 (7.7%) 0 (0.0%) NA@ NA@

Data are presented as mean § SD or proportion (percent). Data were compared between groups using linear regression or logistic regression. Data were adjusted for type of infertility
(unexplained and male factor) and smoking.
LGA: large for gestational age; SGA: small for gestational age.
1 Expressed as proportion of participants included (miscarriage rates are expressed as proportion of clinical pregnancies result from fresh ET).
2 Expressed as proportion of participants who had at least one cryopreserved embryo if no pregnancy occurred from fresh ET (miscarriage rates are expressed as proportion of clinical
pregnancies result from frozen-thawed ET).
3 Expressed as proportion of participants included (cumulative multiple birth rates are expressed as proportion of cumulative live births result from fresh or subsequent frozen-thawed
ET).
4 Only singletons were included.
# No adjusted model was performed due to the small sample size.
@ No OR was calculated since there was no event in the control group.
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to adjust for potential confounders. Although our study constitutes a
significant contribution to the scarce evidence, there are limitations in
our study. It is a post hoc analysis, not supported by a power calcula-
tion, and, thus, Type II errors are more likely to occur. The randomi-
zation was not stratified for indicated treatment, therefore, our
analysis was not a randomized comparison. To account for this, we
adjusted our analysis for baseline differences and potential confounders
although residual confounding may still occur. Moreover, the relatively
homogeneous group of study participants with obesity limits generaliz-
ability of the results. The limited absolute weight loss and the short du-
ration of the lifestyle intervention might be insufficient to affect EUR
and CLBR. However, given that proposed prolonged lifestyle interven-
tion in infertile patients is difficult in clinical practice, we believe our
current study is a good representation of a realistic practical interven-
tion and therefore provides potential guidance for clinical application.
Furthermore, a limited number of participants achieved the goal (to re-
duce body weight by at least 5% or to reduce BMI to below 29 kg/
m2) either at 3 or 6 months after randomization, irrespective of ran-
domization group. Thus, performing a subgroup or mediation analysis
was not appropriate owing to the relatively small sample size. Finally,
not all participating hospitals provided individual parameters of oo-
cyte/embryo. As a result, the number of top-quality embryos could
not be reported in this analysis. EUR is an alternative indicator of em-
bryo quality and an even better parameter to evaluate the overall ef-
fect of lifestyle intervention for women with obesity since all
recovered embryos that could be transferred and cryopreserved
should at least be morphologically normally developed embryos.

In conclusion, a 6-month lifestyle intervention preceding IVF did not im-
prove EUR and CLBR in women with obesity. Our data do not support
the hypothesis of a beneficial short-term effect of lifestyle intervention on
embryo quality in women with obesity, expressed as EUR and CLBR.
Further research is necessary to increase our understanding of the com-
plex mechanisms underlying the effects of lifestyle intervention in women
with obesity on embryo quality and endometrial receptivity.

Supplementary data
Supplementary data are available at Human Reproduction Open online.
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