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STUDY QUESTION: Does an intensive weight reduction programme prior to IVF increase live birth rates for infertile obese women?

SUMMARY ANSWER: An intensive weight reduction programme resulted in a large weight loss but did not substantially affect live birth
rates in obese women scheduled for IVF.

WHAT IS ALREADY KNOWN: Among obese women, fertility and obstetric outcomes are influenced negatively with increased risk of
miscarriage and a higher risk of maternal and neonatal complications. A recent large randomized controlled trial found no effect of lifestyle
intervention on live birth in infertile obese women.

STUDY DESIGN, SIZE, DURATION: A prospective, multicentre, randomized controlled trial was performed between 2010 and 2016
in the Nordic countries. In total, 962 women were assessed for eligibility and 317 women were randomized. Computerized randomization
with concealed allocation was performed in the proportions 1:1 to one of two groups: weight reduction intervention followed by IVF-
treatment or IVF-treatment only. One cycle per patient was included.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Nine infertility clinics in Sweden, Denmark and Iceland participated. Women
under 38 years of age planning IVF, and having a BMI ≥30 and <35 kg/m2 were randomized to two groups: an intervention group (160
patients) with weight reduction before IVF, starting with 12 weeks of a low calorie liquid formula diet (LCD) of 880 kcal/day and thereafter
weight stabilization for 2–5 weeks, or a control group (157 patients) with IVF only.

MAIN RESULTS AND ROLE OF CHANCE: In the full analysis set (FAS), the live birth rate was 29.6% (45/152) in the weight reduction
and IVF group and 27.5% (42/153) in the IVF only group. The difference was not statistically significant (difference 2.2%, 95% CI: 12.9 to
−8.6, P = 0.77). The mean weight change was −9.44 (6.57) kg in the weight reduction and IVF group as compared to +1.19 (1.95) kg in the
IVF only group, being highly significant (P < 0.0001). Significantly more live births were achieved through spontaneous pregnancies in the
weight reduction and IVF group, 10.5% (16) as compared to the IVF only group 2.6% (4) (P = 0.009). Miscarriage rates and gonadotropin
dose used for IVF stimulation did not differ between groups. Two subgroup analyses were performed. The first compared women with
PCOS in the two randomized groups, and the second compared women in the weight reduction group reaching BMI ≤ 25 kg/m2 or reaching
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a weight loss of at least five BMI units to the IVF only group. No statistical differences in live birth rates between the groups in either subgroup
analysis were found.

LIMITATIONS, REASON FOR CAUTION: The study was not powered to detect a small increase in live births due to weight reduction
and was not blinded for the patients or physician. Further, the intervention group had a longer time to achieve a spontaneous pregnancy, but
were therefore slightly older than the control group at IVF. The study only included women with a BMI lower than 35 kg/m2.

WIDER IMPLICATIONS OF THE FINDINGS: The study suggests that weight loss for obese women (BMI: 30–34.9 kg/m2) may not
rectify the outcome in IVF cycles, although a significant higher number of spontaneous conceptions occurred in the weight loss group. Also,
the study suggests that intensive weight reduction with LCD treatment does not negatively affects the results.
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sonal fees from Merck outside the submitted work. Dr Friberg reports personal fees from Ferring, Merck, MSD, Finox and personal fees from
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Introduction
Obesity is a major global health problem. In the Nordic countries,
obesity prevalence varies between 18.0 and 28.8% in the female popu-
lation (Ng et al., 2014). Fertility and obstetric outcome are negatively
affected by obesity in women, with an increased risk of miscarriage
(Metwally et al., 2008) and a higher risk of obstetric and neonatal com-
plications (Dokras et al., 2006; Cnattingius et al., 2013; Johansson
et al., 2014). For obese women undergoing assisted reproductive tech-
niques such as IVF, the pregnancy and live birth rate is compromised
(Maheshwari et al., 2007; Luke et al., 2011; Bellver et al., 2013;
Petersen et al., 2013; Provost et al., 2016). Compared to women with
a normal BMI, obese women undergoing IVF treatment require higher
doses of gonadotropins, illustrating an impaired response to ovarian
stimulation, and they also have an increased miscarriage rate
(Fedorcsàk et al., 2004; Metwally et al., 2008). A weight loss of 5–10%
in obese women has, however, been demonstrated to be effective in
normalizing menstruation, ovulation and spontaneous pregnancy rates
(Norman et al., 2004). Although it has often been suggested that
weight reduction interventions should be considered for obese infertile
women (Norman et al., 2004; Maheshwari et al., 2007), very few trials
have been published supporting such a strategy. In addition to a few
trials, not powered for pregnancy and live birth rates (Tsagareli et al.,
2006; Moran et al., 2011; Sim et al., 2014; Becker et al., 2015), a recent
large Dutch randomized controlled trial found that lifestyle interven-
tion had no effect on live births in infertile obese women (Mutsaerts
et al., 2016).
The aim of this study was to evaluate whether weight reduction in

infertile obese women (BMI ≥ 30 < 35 kg/m2) scheduled for IVF
improved the outcome assessed as live births, compared with women
who received IVF treatment without previous weight loss.

Materials andMethods
We performed a multicentre, multidisciplinary, prospective, randomized
controlled trial (RCT) at nine infertility clinics starting between 2010 and
2012 in Sweden and from 2013 in Denmark and Iceland. All participants
provided written informed consent. The trial was approved by research
ethics committees in Sweden, Denmark and Iceland. Sahlgrenska
University Hospital, Gothenburg, Sweden provided the trial database and
the computerized randomization programme and acted as the data-
coordinating centre for this study. The first and last authors vouch for the
accuracy and completeness of the data and for the fidelity of this report to
the trial protocol.

Study population
Those eligible for the trial were infertile women between 18 and 38 years
of age with indications for IVF and planning to start their first, second or
third IVF treatment and with a BMI ≥ 30 < 35 kg/m2. In general, public
clinics in the Nordic countries do not treat women if they are over 40 years
of age or have a BMI above 35 kg/m2. Women were excluded from the
trial if they had insulin dependent diabetes mellitus and other exclusion fac-
tors such as planned oocyte donation, planned pre-implantation genetic
diagnosis, husband having azoospermia known at randomization, not hav-
ing adequate knowledge of the local language, binge eating disorder
(defined by Questionnaire of Eating and Weight Patterns-Revised;
Yanovski, 1993) or previous participation in the study. Only one cycle per
patient was included in the study. In the case of an emergency medical
problem which resulted in the freezing of all embryos, the first transfer
using cryopreserved embryos was included in the analysis.

Randomization
Randomization was performed with a computerized randomization pro-
gramme with concealed allocation of patients and in the proportion of 1:1.
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Optimal allocation was applied according to Pocock’s minimization tech-
nique for sequential randomization (Pocock, 1983) taking account of the
number of previously performed fresh IVF cycles, age of the woman, par-
ity, polycystic ovarian syndrome (PCOS), fertilization method planned,
tubal factor, smoking, BMI and waist circumference. The randomization
was performed by the physician or the midwife/nurse at the first visit to
the IVF clinic for first cycle patients or at a consultation between IVF cycles
for second and third cycle patients. Blinding was not possible for patients
or physicians; however, the embryologists and statisticians were unaware
as to which group the patients were allocated.

Weight reduction intervention
The aim of the weight reduction was to reach a BMI as close to normal as
possible during a time period of approximately 16 weeks. The intervention
started with 12 weeks of a strict low calorie liquid formula diet (LCD),
with a daily energy intake of 880 kcal (Modifast, Nutrition & Santé, France).
During the LCD period, all patients had scheduled visits with a health pro-
fessional at weeks 0 (baseline), 2, 5, 8 and 12, where weight was recorded.
After termination of the 12-week LCD period, the patients were sched-
uled for individual visits with a dietician for a period of between 2 and 5
weeks, for the re-introduction of solid foods and weight control stabiliza-
tion. Prior to IVF treatment, the patient met the dietician again for a
follow-up visit. Patients unable to complete the LCD treatment received
individualized weight loss counselling until the start of IVF treatment. The
patients started IVF after the weight intervention period regardless of the
weight reduction achieved. During and after IVF treatment, all patients in
the weight intervention group were offered complementary dietary coun-
selling by the dietician for one year from randomization.

IVF treatment
All patients in the study were treated with a gonadotropin releasing hor-
mone agonist and individualized doses of follitropin alfa (Gonal-F, Merck,
Germany) from 112.5 to 450 IU/day. The cycles were monitored accord-
ing to local routines in each clinic with serum-estradiol measurements
and/or vaginal sonography. Ovulation was induced with choriongonado-
tropin alfa (Ovitrelle, Merck, Germany) and approximately 36 h later,
oocyte retrieval was performed by means of transvaginal puncture.
Fertilization was carried out using standard IVF technique or, in the case of
male infertility, ICSI according to standard procedures. Embryo transfer
(ET) was mostly performed using cleaving stage embryos (Day 2 or 3).
Luteal-phase support was given from the day of oocyte retrieval with pro-
gesterone by vaginal route until a pregnancy test was performed 14 days
after ET. If the patient was pregnant, defined as serum-human chorionic
gonadotropin >5 IU/L, a vaginal sonography was performed ~4 weeks
after ET, i.e. pregnancy week 7.

Outcomes
The primary outcome was live birth, defined as at least one child born alive
regardless of gestational age. Pre-specified secondary outcomes were
pregnancy-related measurements such as biochemical pregnancy rate, clin-
ical pregnancy rate, miscarriage rate, live birth rate after spontaneous preg-
nancy and multiple birth rates. Further secondary outcomes were
IVF-related measurements including number of cancelled cycles, total dose
of gonadotropins, number of oocytes retrieved and the rate of ovarian
hyperstimulation syndrome (OHSS). Embryological measurements
included the number of good quality embryos and the number of frozen
embryos. Finally, dietary-related measurements included weight change
between randomization and the last weight measurement recorded before
or at oocyte retrieval and the number of patients showing compliance,

defined as reaching normal BMI (<25.0 kg/m2) or lowering the BMI by at
least five units.

Statistical analysis
Our power calculation was based on a previous study (Kahnberg et al.,
2009), where the live birth rate was 12.5% (7/56) for obese women
(BMI ≥ 30 kg/m2) and 26.3% (81/308) for women with a normal weight
(BMI: 20–25 kg/m2). To find a difference of 13% (12–25%), 152 patients
were needed in each group, giving a total of 304 patients (significance 5%,
power 80%). To compensate for dropouts, the sample size was increased
to 316. No loss of follow up was expected.

The main analysis was performed on the full analysis set (FAS) popula-
tion and consisted of all randomized women having at least one follow-up
variable and having started the IVF treatment (defined as having started
stimulation with follitropin alfa) or having achieved a spontaneous preg-
nancy. Each woman was evaluated in the group to which she was rando-
mized, regardless of what treatment she received or whether or not she
completed the weight-loss programme. A complementary analysis was
performed on the per protocol (PP) population and consisted of all rando-
mized subjects having completed the study without significant protocol
deviation. All spontaneous pregnancies occurring in both groups after ran-
domization were included in both FAS and PP analyses.

Comparison between the two randomized groups was performed
unadjusted. Fisher’s exact test was used for the primary efficacy variable,
live birth, and for all dichotomous variables. The Mann–Whitney U-test
was used for continuous variables, Mantel–Haenszel chi-square test was
used for ordered categorical variables and Pearson’s chi-square test was
used for all non-ordered categorical variables. The distribution of continu-
ous variables, as well as changes in continuous variables, are given as mean,
SD, median, minimum and maximum. Categorical variables are given as
number and percentages. Complementary analyses for primary and
selected secondary efficacy variables were performed in the FAS,
and adjusted for differences in baseline variables. Adjustments were per-
formed by multivariable logistic regression for dichotomous variables and
by ANCOVA for continuous variables.

For the primary variable, live birth, and for important secondary vari-
ables, risk differences and risk ratios with 95% CI and exact 95% CI for the
estimated proportions were calculated. All significance tests were two
sided and conducted at the 5% significance level. A futility analysis was per-
formed when approximately half of the planned patients had been
included. The steering committee recommended that the study should
continue. Two subgroup analyses were performed for the primary efficacy
variable and for selected secondary variables; one for PCOS patients
(Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group,
2004) and one for patients completing the diet programme and reaching
BMI ≤ 25 kg/m2 or lowering BMI by at least five units.

Results

Patients
Between October 2010 and January 2016, 962 women were assessed
for eligibility (Fig. 1). Of these, 645 women did not meet inclusion cri-
teria, declined to participate or were not included for other reasons.
Thus 317 women were randomized to one of the two groups. Follow-
up on pregnancies was completed in February 2017. Baseline charac-
teristics were similar in the two groups, except that more terminations
of pregnancies had occurred in the control group. The median
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duration of infertility was quite long in both groups, being 3 years
(Table I).
In the weight reduction and IVF group, one patient did not receive

the allocated intervention and seven patients discontinued the inter-
vention. In the IVF only group, two patients did not receive the allo-
cated intervention and two patients discontinued the intervention. No
patients were lost to follow up (Fig. 1).

Live births and secondary outcomes
In the FAS analysis, the live birth rate was 29.6% (45/152) in the
weight reduction and IVF group and 27.5% (42/153) in the IVF only
group. The difference was not statistically significant (difference 2.2%,
95% CI: 12.9 to −8.6, P = 0.77).
Significantly more live births were achieved through spontan-

eous pregnancies in the weight reduction and IVF group than in

Assessed for eligibility (n = 962)

Excluded (n = 645)

♦ Not meeting inclusion criteria (n = 362)

♦ Declined to participate (n = 223)

♦ Other reasons (n = 60)

Analysed Full Analysis Set (n = 1 52)

Excluded from per protocol analysis (n = 5)

2 patients; Performed weight reduction, but IVF

was delayed 6 months

1 patient; Performed weight reduction and IVF,

but declined ET for personal reasons

1 patient; Performed another fertility treatment

during weight reduction and got pregnant 

1 patient; Performed weight reduction and IVF

but all oocytes frozen, no sperm available

Lost to follow-up (n = 0)

Discontinued intervention (n = 7)

5 patients; Performed weight reduction but not

IVF due to divorce or disease of spouse

2 patients; Performed weight reduction, but

not IVF due to medical or personal reasons

Allocated to Weight reduction and IVF (n = 160)

♦ Received allocated intervention (n = 159)

♦ Did not receive allocated intervention (n = 1)

1 patient; Exclusion criteria to treatment

(contra-indication to pregnancy). No weight

reduction or IVF performed.

Lost to follow-up (n = 0)

Discontinued intervention (n = 2)

1 patient; Performed IVF but delayed more

than 1 year and exclusion criteria (BMI>38)

was present at that time  

1 patient; Performed other fertility treatment

and got pregnant

Allocated to Only IVF (n =1 57)
♦ Received allocated intervention (n = 155)

♦ Did not receive allocated intervention  (n = 2)

1 patient; No IVF due to divorce

1 patient; NoIVF due to delay 11 months and

the study closed for intervention July 2016

Analysed Full Analysis Set (n = 153)

Excluded from per protocol analysis (n = 5)

5 patients; IVF performed, but delayed 6–18

months  

Allocation

Analysis

Follow-Up

Enrollment

Randomized (n = 317)

Figure 1 Flow chart of eligibility, randomization and follow-up.
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the IVF only group, 10.5% (16) as compared to 2.6% (4) (differ-
ence 7.9, 95% CI: 14.1–1.8, P = 0.009) (Table II). No difference
between the groups occurred concerning treatments with IVF or
ICSI. The PP analysis showed similar results and with no signifi-
cant difference in live birth rates and more spontaneous
pregnancies resulting in live births in the weight reduction group
(Supplementary Table S1).

Weight reduction intervention
The mean weight change from randomization to last recorded weight
during intervention, often the weight at oocyte retrieval, was −9.44
(±6.57) kg in the weight reduction and IVF group, as compared to
+1.19 (±1.95) kg in the IVF only group (Fig. 2). These results were
highly significant (P < 0.0001). At the last recorded assessment before
or at oocyte retrieval, the weight and BMI differed significantly
between the two groups (weight 83.3 and 92.2 kg; BMI: 29.8 and
33.4 kg/m2) (P < 0.0001) (Table III).

Subgroup analyses
Two subgroup analyses were performed. The first compared women
with PCOS in the two randomized groups and the live birth rate was
11/40 (27.5%) for the weight reduction group and 9/41 (22.0%) for
the IVF-only group (P = 0.75). The second subgroup analysis compared
women in the weight reduction group reaching BMI ≤ 25 kg/m2, or
achieving a weight loss of five BMI units, to the IVF-only group and the
live birth rate was 7/38 (18.4%) in the weight reduction group and
42/153 (27.5%) for the IVF-only group (P = 0.35). The comparisons
showed no statistical differences in live birth rates between groups
(Supplementary Tables SII and SIII).

Adverse events
A total of fourteen severe adverse events that demanded hospitaliza-
tion, including ten events related to the IVF treatment, occurred in the
study. There were three cases of severe OHSS, three cases of ovarian
or endometrial infections, two cases of miscarriage and two cases of

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

Table I Characteristics of the patients in the full analysis set.

Variable Weight reduction and IVF group (n = 152) IVF only group (n = 153) P-value

Age of the woman at randomization (years) 31.5 (4.3) 31.7 (4.1) 0.70

31.6 (22.3; 38.0) 31.8 (22.7; 38.0)

n = 152 n = 153

Duration of infertility (months) 38.7 (24.3) 38.6 (21.4) 0.41

36.0 (6.0; 168.0) 36.0 (1.0; 180.0)

n = 152 n = 153

Cause for infertility

Tubal factor 13 (8.6%) 14 (9.2%)

Endometriosis 6 (3.9%) 2 (1.3%)

Polycystic ovary syndrome 35 (23.0%) 28 (18.3%)

Male factor 49 (32.2%) 47 (30.7%)

Unexplained infertility 43 (28.3%) 48 (31.4%)

Other 6 (4.0%) 14 (9.1%) 0.32

Smoking 16 (10.5%) 13 (8.5%) 0.68

Ethnicity

Caucasian 141 (92.8%) 140 (91.5%)

Other 11 (7.3%) 8 (5.2%) 0.91

History of previous pregnancies

Live birth 11 (7.2%) 12 (7.8%) 1.00

Miscarriage 7 (4.6%) 7 (4.6%) 1.00

Termination of pregnancy 12 (7.9%) 31 (20.3%) 0.0029

Ectopic pregnancy 0 (0.0%) 3 (2.0%) 0.25

History of previous treatment with in vitro fertilization

No treatments 124 (81.6%) 124 (81.0%)

One treatment 15 (9.9%) 19 (12.4%)

Two treatments 13 (8.6%) 10 (6.5%) 0.83

For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (min; max)/n = is presented.
For comparison between groups Fisher´s Exact test (lowest 1-sided P-value multiplied by 2) was used for dichotomous variables and chi square test was used for non-ordered cat-
egorical variables and the Mann–Whitney U test was used for continuous variables.
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.............................................................................................................................................................................................

Table II Outcomes according to treatment group in the full analysis set.

Variable Weight reduction and IVF group (n = 152) IVF only group (n = 153) P-value

Spontaneous pregnancy leading to live birth¤ 16 (10.5%) 4 (2.6%) 0.0089

No. of patients starting follitropin alfa stimulation 136 (89.5%) 149 (97.4%) <0.005

Cancelled cycle** 3 (2.2%) 9 (6.0%) 0.19

Total dose of follitropin alfa (IU) 2122 (855) 2184 (1034) 0.89

1886 (925; 5550) 1850 (859; 6000)

n = 136 n = 149

Follitropin alfa (IU) required per oocyte retrieved 434.9 (629.5) 411.2 (444.7) 0.91

265.4 (44.9; 5550.0) 262.1 (41.0; 2850.0)

n = 133 n = 139

No. of oocytes retrieved per patient 8.56 (5.28) 9.00 (5.85) 0.63

7.00 (1.00; 25.00) 8.00 (0.00; 32.00)

n = 133 n = 140

Moderate or severe ovarian hyperstimulation syndrome 5 (3.8%) 7 (5.0%) 0.74

No. of oocytes fertilized*** 4.35 (3.78) 4.76 (3.63) 0.24

4.00 (0.00; 21.00) 4.00 (0.00; 17.00)

n = 133 n = 139

Rate of fertilization= 0.51 (0.30) 0.54 (0.27) 0.40

0.53 (0.000; 1.000) 0.57 (0.000; 1.000)

n = 133 n = 139

No. of good quality embryos* Day 2 2.43 (2.57) 2.64 (2.59) 0.51

2.00 (0.00; 14.00) 2.00 (0.00; 12.00)

n = 131 n = 137

No. of frozen embryos 1.32 (1.66) 1.64 (2.56) 0.84

1.00 (0.00; 8.00) 1.00 (0.00; 15.00)

n = 127 n = 133

No. of transferred embryos

0 24 (18.6%) 16 (11.6%)

1 94 (72.9%) 110 (79.7%)

2 11 (8.5%) 12 (8.7%) 0.22

Embryo transfer performed 105 (77.2%) 122 (81.9%) 0.46

No. of good quality embryos* transferred

0 17 (16.2%) 20 (16.4%)

1 82 (78.1%) 96 (78.7%)

2 6 (5.7%) 6 (4.9%) 0.87

Day of embryo transfer

2 95 (90.5%) 109 (89.3%)

3 8 (7.6%) 8 (6.6%)

5 2 (1.9%) 5 (4.1%) 0.47

Clinical pregnancy## 53 (34.9%) 47 (30.7%) 0.52

Ectopic pregnancy### 1/66 (1.5%) 1/56 (1.8%)

Biochemical pregnancy#### 12/66 (18.2%) 8/56 (14.3%)

Miscarriage gestational weeks 6–12 8/66 (12.1%) 4/56 (7.1%)

Miscarriage gestational weeks 13–22 0 (0.0%) 1/56 (1.8%)

Live birth (including spontaneous pregnancies) 45 (29.6%) 42 (27.5%) 0.77

Continued
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ectopic pregnancy. In addition, two cases of surgery and two cases of
infection unrelated to the treatment occurred.

Discussion
This large randomized, multicentre study showed that a weight reduc-
tion intervention with LCD and diet re-introduction, lasting 16 weeks
in total, resulted in a substantial weight loss. Nevertheless, it did not
improve live birth rates in moderately obese women scheduled for
IVF, compared to women scheduled for IVF without previous weight
reduction.
However, the frequency of live births after spontaneous pregnancy

was higher in the weight reduction group. Some of the explanation for
this finding would naturally be that the women in the weight reduction
group had longer time to achieve a spontaneous pregnancy, but it
might also be because of the weight reduction in itself, as has been
shown previously (Norman et al., 2004). For the patients and for the
society reimbursing the patients, spontaneous pregnancy was a very
important occurrence since fewer patients needed to undergo IVF in
this group.
It has been described previously (Panidis et al., 2008; Legros et al.,

2015) that especially infertile women with PCOS would benefit from
weight reduction, but our subgroup analysis did not confirm this,
showing no statistical difference between the groups.
Encouragingly, no detrimental effect of LCD on IVF outcome was

noticed, as had been proposed (Tsagareli et al., 2006). Rather unexpect-
edly, our results indicates that weight loss for moderately obese women
(BMI: 30–35 kg/m2) might not rectify the outcome in IVF cycles, although
poorer results after IVF in this group, and especially for women with high-
er BMI, has been shown in many large observational studies.
(Maheshwari et al., 2007; Luke et al., 2011; Bellver et al., 2013; Petersen
et al., 2013; Provost et al., 2016). Of late, articles have been published
arguing that is unethical not to offer IVF to obese women, since the
results are better than for many other groups that are currently being
treated (Legro, 2016; Tremellen et al., 2017). The live birth rates in the
IVF only group, i.e. in women not losing weight, were much higher than

expected and in line with current national data from the Swedish national
quality registry for assisted reproduction (Q-IVF).
Our study does not confirm the results of an Australian RCT (Sim

et al., 2014), that started after ours with fewer participants, and was
not powered for life birth results. It showed that after an intensive
12-week lifestyle intervention, the patients had an average of 6.6 kg
weight loss and a significantly higher live birth rate than the control
group (44 vs 14%), and required fewer treatment cycles (two vs four).
On the other hand, our results are in accordance with a large Dutch
RCT (Mutsaerts et al., 2016), recently published, where no improve-
ment in live birth rates was noticed after an intensive lifestyle interven-
tion in obese women. In that study more than 600 obese women were
randomized to 6 months of lifestyle intervention before 18 months of
infertility treatment or to immediate infertility treatment for 24 months.
The average weight loss in the intervention group was 4.4 kg, The

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

Table II Continued

Variable Weight reduction and IVF group (n = 152) IVF only group (n = 153) P-value

Singleton births 45 (100.0%) 41 (97.6%)

Twin births 0 (0.0%) 1 (2.4%) 1.00

For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (min; max)/n = is presented.
For comparison between groups Fisher’s Exact test (lowest 1-sided P-value multiplied by 2) was used for dichotomous variables and the Mantel–Haenszel chi square test was used
for ordered categorical variables and chi square test was used for non-ordered categorical variables and the Mann–Whitney U-test was used for continuous variables.
Calculation of CI for continuous variables is based on the assumption of normality. When variances are not equal (P < 0.05) the SD is based on Satterthwaite’s approximation, other-
wise the SD is based on the pooled SDs.
*Day 2; 4–5 blastomeres, <20% fragmentation and no multinucleated blastomeres
**After starting the stimulation with follitrophin alfa.
***Defined as when two pronuclei were visible Day 1 after fertilization.
=No. of two pronuclei/no. of oocytes retrieved.
¤Pregnancy occurring without assisted reproduction technique treatment.
##Amniotic sac, with or without fetus, observed at sonography in gestational week 7.
###Pregnancy located outside the uterine cavity.
####Human chorion gonadotrophin in serum >5 IE/L but no amniotic sac visible at sonography gestational week 7.

Figure 2 Graph of weight change for the two study groups from
randomization to oocyte retrieval.
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primary outcome was term vaginal birth rate within 24 months, which
was significantly higher in the immediate treatment group (35.2 vs
27.1%). Nor did our study confirm, as previously described (Fedorcsàk
et al., 2004), that lower doses of gonadotropins are required in women
with lower BMI, nor did it confirm that the miscarriage rate in this
group is lower compared to the miscarriage rate in obese women.
It has been discussed that the only effective treatment of obesity is bar-
iatric surgery (Carlsson et al., 2012). However, in the Nordic countries,
as well as in international guidelines, the eligibility criteria for bariatric
surgery is considerably higher (BMI ≥ 40 kg/m2) than for the patients in
our study, who were obese with a BMI of ≥ 30 < 35 kg/m2. We thus
chose a LCD for weight reduction since this is a well-documented, safe
and effective method (Mustajoki and Pekkarinen, 2001; Parretti et al.,
2016), giving substantial weight loss within a reasonable time frame for
patients planning IVF. The higher frequency of prior termination of
pregnancy noticed in the baseline characteristics for the IVF only group
can be regarded as a random finding. Randomization was only balanced
for parity, not for all outcomes of pregnancy. However, previous preg-
nancies, including terminations, have been found to be a positive pre-
dictor of clinical pregnancy (Templeton et al., 1996). Adjustment for
this imbalance in baseline did not alter the results.
The lack of a positive effect of weight reduction prior to IVF on sub-

sequent live births might be surprising in view of earlier observational
studies (Maheshwari et al., 2007; Luke et al., 2011; Petersen et al.,
2013; Provost et al., 2016), showing a clear association between BMI
and success after IVF. Although only a few of our patients reached a
BMI ≤ 25 kg/m2, a substantial weight loss was achieved in the weight
reduction and IVF group for most patients. Despite no significantly
improved effects being detected in live birth rates in the weight reduc-
tion group, the weight reduction per se ought to be beneficial in the
longer term (Gregg et al., 2016) and might also be a positive factor
when assessing cumulative live birth rates. Furthermore, it is indeed
important to bear in mind the increased obstetric risks for mother and

child that follow with obesity (Dokras et al., 2006; Luke et al., 2011;
Cnattingius et al., 2013; Johansson et al., 2014), and weight reduction
before pregnancy obviously must lower these risks.
The strength of this study is that it was randomized and included

many centres, allowing for generalizability and a substantial weight
reduction was achieved by most patients.
A limitation was that the intervention group had a longer time to

achieve a spontaneous pregnancy, ~4 extra months prior to IVF. This
was impossible to avoid, since the IVF-only group could not be motivated
to wait for their IVF treatment for such a long period of time. On the
other hand, this resulted in the intervention group being older than
the control group at the time of the IVF. This is important to consider,
since age is the most prominent predictor of success after IVF. Also, the
study was for obvious reasons not blinded for the patients or physician.
A further limitation is that despite being quite large, the study was not
powered to detect small differences in the number of live births between
groups. Concerning the power calculation behind this study, one could
argue that even a smaller difference in live birth rate would be valuable
for the patient. However, we believe that a rather large difference in LBR
is required to motivate young women to participate in this rather
demanding trial, a statement well supported by the randomization pro-
cess indicating a high decline rate. Further, the study only included
women with a BMI lower than 35 kg/m2 from participation, due to the
Nordic IVF regulations. Another limitation to the study is that the time
from the weight reduction up to the IVF treatment might have been too
short, although a stabilizing diet re-introduction phase of 2–5 weeks was
added, to correct for negative effects of obesity and adipose tissue both
on the endometrium and oocytes (Bellver et al., 2013; Comninos et al.,
2014; Leary et al., 2015; Cardozo et al., 2016).
In conclusion, this randomized trial showed that an intensive weight

reduction programme resulted in a large weight loss, but did not sub-
stantially affect live birth rates in obese women scheduled for IVF. The
study suggests that weight loss for obese women (BMI: 30–34.9 kg/m2)

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

Table III BMI and weight changes during time between randomization and the last recorded measurement up to oocyte
retrieval for the full analysis set population.

Variable Weight reduction and IVF
(n = 152)

IVF only (n = 153) P-value

BMI (kg/m2) at randomization 33.1 (1.3) 33.0 (1.5) 0.77

33.4 (29.9; 35.1) 33.3 (30.0; 35.1)

Change in BMI from randomization to last BMI recorded up to oocyte retrieval −3.25 (2.42) 0.449 (0.724) <0.0001

−3.63 (−7.91; 2.91) 0.312 (−1.121; 4.060)

Weight at randomization (kg) 92.4 (8.0) 91.0 (8.4) 0.25

91.6 (74.3; 111.0) 91.4 (68.0; 114.7)

Change in weight (kg) from randomization to last recorded weight up to oocyte retrieval −9.10 (6.83) 1.19 (1.95) <0.0001

−10.15 (−23.30; 7.90) 0.90 (−3.30; 9.60)

Change in weight (%) from randomization to last weight recorded up to oocyte retrieval

≤4.9% weight change, n (%) (including weight gain) 40 (26.3%) 153 (100.0%)

5.0–9.9% weight change, n (%) 29 (19.1%) 0 (0.0%)

≥10.0% weight change, n (%) 83 (54.6%) 0 (0.0%) <0.0001

For categorical variables n (%) is presented.
For continuous variables mean (SD)/median (min; max)/n = is presented.
For comparison between groups the Mantel–Haenszel chi square test was used for ordered categorical variables and the Mann–Whitney U-test was used for continuous variables.
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may not rectify the outcome in IVF cycles, although a significant higher
number of spontaneous conceptions occurred. Also, it suggests that an
intensive weight reduction with LCD treatment does not negatively
affects the results.

Supplementary data
Supplementary data are available atHuman Reproduction online.
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