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Summary and general discussion

The aim of this thesis was to investigate in-detailed aspects of the effects of a lifestyle
intervention preceding infertility treatment when compared to prompt infertility treatment
in obese infertile women.

Summary of the results
Chapter 2 described the main results of the LIFEstyle study, a randomised controlled trial
in obese infertile women, investigating the effects of a six-month lifestyle intervention
preceding infertility treatment (intervention group) compared to immediate infertility
treatment (control group). The primary outcome was the vaginal birth of a healthy baby
from a singleton pregnancy at 37 weeks or more within 24 months after randomisation. A
total of 290 women were randomly assigned to the intervention group and 287 women
were assigned to the control group. The mean weight loss after 6 months was 4.4 ± 5.8 kg
in 236 non-pregnant women in the intervention group and 1.1 ± 4.3 kg in the 128 women
in the control group (P < 0.001). The discontinuation rate in the intervention group was
22%. Within 24 months after randomisation, the frequency of vaginal births of healthy
singletons at term was significantly lower in the intervention group than in the control
group: 76 (27%) versus 100 (35%) (RR 0.8; 95% CI 0.6-1.0). The rate of live birth rates within
24 months after randomisation followed a similar pattern. After the inclusion of data
from pregnancies that were conceived within 24 months after randomisation but where
childbirth occurred following that period, between-group differences in the rates of vaginal
births of healthy singletons at term (32% versus 39%, RR 0.8, 95% CI 0.7-1.0) or the rates of
live births (53% versus 58%, RR 0.9, 95% CI 0.8-1.1) were no longer statistically significant.
Overall, significantly more women in the intervention group than in the control group had
ongoing pregnancies that resulted from natural conception (26% versus 16%, RR 1.6, 95%
CI 1.2-2.2). The frequencies of complications related to pregnancy and labour in women and
neonates did not differ significantly between groups.
Chapter 3 described the effects of the lifestyle intervention in the LIFEstyle study in
subgroups of obese infertile women. The predefined subgroups of women were based on
age, body-mass index, ovulatory status and waist-hip ratio. The effect of the intervention
program in the subgroups was studied on healthy live birth rate within 24 months, as well
as the rate of overall live births (live births independent of gestational age, mode of delivery
and health) and natural conceptions conceived within 24 months. Neither maternal age,
ovulatory status nor BMI had an impact on the healthy live birth rate within 24 months, nor
did they influence the overall live birth rate within 24 months after randomisation. Waist-hip
ratio showed a significant interaction with the effect of lifestyle intervention on the healthy
live birth rate (P = 0.05), resulting in a lower healthy live birth rate in women with a WH ratio
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< 0.8 who participated in the lifestyle intervention. WH ratio had no interaction regarding
overall live birth rate nor on natural conception rate. The rate of natural conceptions
resulting in an ongoing pregnancy conceived within 24 months in the total randomised
population was significantly higher in women who received the lifestyle intervention (OR
1.8, 95%CI 1.2-2.8). This effect remained in women who were < 36 years (aOR 2.2 95% CI 1.43.4), women who were anovulatory (aOR 4.2, 95%CI 2.0-8.4), women with a BMI < 35 kg/m2
(aOR 3.2, 95% CI 1.4-7.2), women who had a BMI ≥ 35.0 kg/m2 (aOR 1.9, 95% CI 1.1-3.3), and
women with a WH ratio ≥ 0.8 (aOR 2.4, 95% CI 1.5-4.0) In anovulatory women, the lifestyle
intervention resulted in more natural conceptions compared to ovulatory women (P - value
for interaction = 0.02). There was no interaction between other subgroups and the effect of
the intervention on the rate of natural conception.
Chapter 4 presents an economic evaluation comparing the lifestyle intervention preceding
infertility treatment to prompt infertility treatment using data of the LIFEstyle study. The
economic evaluation was conducted as a cost-effectiveness analysis and included various
scenarios using different effectiveness measures and subgroups of women to estimate in
which scenario lifestyle intervention preceding infertility treatment could be cost-effective.
The primary outcome for effectiveness was the vaginal birth of a healthy singleton baby
at term within 24 months after randomisation (the healthy live birth rate). The economic
evaluation was performed from a hospital perspective and included direct medical
costs of the lifestyle intervention, infertility treatments, medication and pregnancy in the
intervention and control group. Further exploratory cost-effectiveness analyses included
scenarios with overall live birth within 24 months and overall live birth conceived within
24 months as effectiveness measures and scenarios with subgroups, i.e. of ovulatory and
anovulatory women, women < 36 years and ≥ 36 years of age and of completers of the
lifestyle intervention. Total mean costs per woman in the intervention group within 24
months after randomisation were €4324 (SD €4276) versus €5603 (SD €4632) in the control
group (cost difference of -€1278, P < 0.05). Healthy live birth rates were 27% and 35% in the
intervention group and the control group, respectively (effect difference of -8.1%, P < 0.05),
resulting in an incremental cost-effectiveness ratio of €15 845 per additional percentage
increase of the healthy live birth rate. Mean costs per healthy live birth event were €15 932
in the intervention group and €15 912 in the control group. Expanding the effectiveness
outcome to all live births conceived within 24 months, irrespective of delivery within or
after 24 months, improved cost-effectiveness of the lifestyle intervention. Using this wider
definition of effectiveness, the probability that lifestyle intervention preceding infertility
treatment was cost-effective in anovulatory women was 40%, in completers of the lifestyle
intervention 39%, and in women ≥ 36 years 29%.
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Chapter 5 provided an analysis of the effects of a lifestyle intervention on cardiometabolic
health and quality of life (QoL) on the short term. Cardiometabolic outcomes included
weight, waist- and hip circumference, body-mass index, systolic and diastolic blood
pressure, fasting glucose and insulin, homeostatic model assessment for insulin resistance
(HOMA-IR), high-sensitivity C-reactive protein (hs-CRP), lipids and a composite score for
metabolic syndrome. All outcomes were measured by research nurses at randomisation
and at 3 and 6 months after randomisation. Self-reported quality of life was measured at 3,
6 and 12 months. Weight (-3.1 kg 95% CI: -4.0--2.2 kg; P < 0.001), waist circumference (-2.4
cm 95% CI: -3.6--1.1 cm; P < 0.001), hip circumference (-3.0 95% CI: -4.2 --1.9 cm; P < 0.001),
BMI (-1.2 kg/m² 95% CI: -1.5--0.8 kg/m²; P < 0.001), systolic blood pressure (-2.8 mmHg 95%
CI: -5.0--0.7 mmHg; P = 0.01) and HOMA-IR (-0.5 95% CI: -0.8--0.1; P = 0.01) were significantly
lower in the intervention group as compared to controls after six months. Hs-CRP and lipids
did not differ between groups. The odds ratio for metabolic syndrome in the intervention
group was 0.5 (95% CI: 0.3-0.9) compared to controls. Physical QoL scores were higher in
the lifestyle intervention group (2.2 95% CI: 0.9 to 3.5; P = 0.001) while mental QoL scores
did not differ.
In Chapter 6 the effects of periconceptional weight loss on maternal and neonatal outcomes
were investigated, independent of randomisation arm of the LIFEstyle study. Women were
categorised into quartiles according to the magnitude of their periconceptional weight
change. In the LIFEstyle study, 321 obese infertile women achieved an ongoing pregnancy
which was conceived within 24 months after randomisation. Periconceptional weight
change (units of BMI in kg/m2) was available in 244 of these women (76%). Women in the
first quartile (Q1) had a periconceptional weight change of < -2.1 kg/m2, women in the
second quartile (Q2) -2.1 to -0.9 kg/m2, women in the third quartile (Q3) -0.9 to 0.1 kg/
m2 and women in the fourth quartile (Q4) gained ≥ 0.1 kg/m2. There were no significant
differences between women in the quartiles regarding rates of excessive gestational weight
gain, gestational diabetes, preterm birth, induction of labour, spontaneous vaginal birth
and Caesarean section. Compared to women in Q4, the adjusted odds ratios, aOR, and 95%
confidence interval for a hypertensive complication were; 0.6 (0.2-1.4) for women in Q1, 0.3
(0.1-0.8) for women in Q2, 0.4 (0.2-1.0) for women in Q3 and 0.4 (0.2-0.8) for women in Q1
to Q3 combined. In the subgroup analysis investigating only singleton pregnancies, the
statistically significant decreased rate of a hypertensive complication remained in women
in Q2 (aOR 0.3, 95% CI 0.1-0.7) and Q3 (aOR 0.4, 95% CI 0.2-1.0) and when comparing women
in Q1 to Q3 together to women in Q4 (aOR 0.4, 95% CI 0.2-0.8). Furthermore, there was a
significantly decreased aOR (95% CI) of preterm birth in women in Q2 (0.2, 0.1-1.0) and
when combining women in Q1 to Q3 (0.4, 0.1-1.0) compared to women in Q4.
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The aim of Chapter 7 was to identify determinants of successful lifestyle change in 289
obese infertile women in the intervention group of the LIFEstyle study. We operationalised
lifestyle change as successful weight loss (reduction of ≥ 5% of the original body weight or
achieving a BMI ≤ 29 kg/m2), weight loss in kilograms, a reduction in energy intake and an
increase in the number of steps. In addition, we investigated determinants of completion
of the intervention program. Women with higher scores on external eating behaviour had a
higher probability of successful weight loss (OR 1.1, 95% CI 1.0 to 1.1). Women with a higher
BMI and previous support by a dietician had a lower probability of successful weight loss
(OR 0.9, 95% CI 0.8-1.0 and OR 0.5, 95% CI 0.3-1.0, respectively). On average, women who
received previous support by a dietician lost 0.9 kg less weight (0.0-1.9kg) compared to
women without a history of support. Women with a higher self-efficacy level had a lower
mean energy intake relative to women with the lowest self-efficacy level (P < 0.01). There
was a trend in women with increased readiness to change towards taking more daily steps
(P = 0.05). The readiness to change towards weight loss was associated with completion of
the intervention (P = 0.04), with women in the action phase having a higher probability of
completing the intervention compared to women in the maintenance phase. We concluded
that the most consistent determinants for lifestyle change in obese infertile women were
not having had previous dietetic support and readiness to change.

Reflection on the results
Obesity in women of reproductive age is associated with decreased pregnancy chances
following natural and treatment dependent cycles, an increased risk of a pregnancy
complications, such as gestational diabetes, hypertensive complications and an increased
chance of neonatal macrosomia, congenital birth defects, perinatal death, childhood
overweight and premature mortality later in life.1-9

The LIFEstyle study: results on main outcome parameters
The main results of the LIFEstyle study show that, in obese infertile women, participating in a
six-month lifestyle intervention before commencing infertility treatment does not improve
the chance of a healthy singleton at term within 24 months. The LIFEstyle intervention did,
however, improve the chance of having a natural conception. Since the LIFEstyle study was
the first large randomised controlled trial on this topic, it is difficult to put these findings into
the context of the existing literature. Two previous RCTs with small sample sizes show that
weight loss is feasible in this patient group, whether this influenced reproductive outcomes
was unclear.10,11
There may be several reasons why, in the LIFEstyle study, the lifestyle intervention did not
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improve the chances of a healthy baby from a singleton pregnancy. It is possible that the
mean weight loss (-4.4 kg) in women participating in the lifestyle intervention, but who did
not conceive during the intervention period, was not sufficient to improve reproductive
outcomes, since many women remained obese and only 38% of non-pregnant women
achieved a weight loss of ≥ 5% of their original bodyweight. It is also possible that the
total duration of the lifestyle intervention (six months) and consequently not being
treated during this period was relatively long compared to the total follow-up period of
24 months. The influence of the follow-up period on the results of the trial is illustrated
by the converging rates of live births in the intervention and control group including live
births ending beyond 24 months of randomisation (53% versus 58% (RR 0.9, 95% CI 0.8
to 1.1). Therefore, a longer time to pregnancy should be anticipated when obese women
participate in lifestyle intervention prior to infertility treatment, without compromising
live birth rates. Indeed, lifestyle intervention in obese participants takes time. The
recommended period of intervention is at least six to nine months.12 During the design
of the LIFEstyle study we estimated that an intervention of more than six months would
hamper inclusion of patients in the trial, and hence an intervention with the duration of
six months was chosen. Furthermore, a longer follow up of more than 24 months after
randomisation was not possible due to restrains of the funding source. The third reason why
women participating in the lifestyle intervention group did not have improved chances of a
healthy singleton birth in the LIFEstyle study could be the result of the non-completer rate
of the lifestyle intervention of 22%. Similar rates of non-completion or drop-out of a lifestyle
intervention have been reported.13 The per-protocol analysis excluding non-completers of
the lifestyle intervention showed comparable rates of healthy singleton birth rates at term
(31% versus 35%, RR 0.9, 95% CI 0.1 to 1.1) and live births (51% versus 54%, RR 1.0, 95% CI 0.8
to 1.1) within 24 months after randomisation in the intervention compared to the control
group. Therefore, the rate of non-completers in the LIFEstyle study, although anticipated,
influenced the rate of the healthy singleton births of the intervention arm of the study,
negatively. Indeed, women who dropped-out of the lifestyle intervention had a low rate
of the primary outcome (12%). Preventing drop-out in lifestyle interventions might lead to
better overall results and should be focus of attention in future studies. The LIFEstyle study
was a pragmatic trial, in which both the weight loss that was achieved and the number of
women who did not complete the intervention illustrate how difficult changing lifestyle
is, despite intensive guidance by trained nurses. On the other hand, this first well‑powered
trial investigating this topic shows that 78% of the obese infertile women could complete
the lifestyle intervention, which resulted in comparable healthy live birth rates, more natural
conceptions and less need for additional infertility treatment. A RCT, published in August
2017, evaluating a lifestyle intervention in obese women (BMI between 30 and 35 kg/m2)
preceding IVF treatment, women allocated to the lifestyle intervention (n = 160) received a
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low-calorie liquid diet of 880 kcal/day for 12 weeks, followed by a weight stabilisation phase
for 2-5 weeks and IVF treatment.14 Women in the control group received IVF treatment
only (n = 157). Follow-up in both groups was restricted to one IVF treatment cycle. The
intervention resulted in significant mean weight loss (-9.4 kg in the intervention group,
versus weight gain +1.2 kg in the control group, P < 0.0001), but the number of live births
was did not improve after the lifestyle intervention (30% vs. 28%, P = 0.77). The rate of natural
conceptions leading to a live birth was significantly higher in women in the intervention
group (11% vs. 3%, P = 0.009). Women in this study received a much more intensive dietary
modification, using a low calorie liquid formula diet compared to women in the LIFEstyle
study and achieved more weight loss. In addition, participating women had a lower median
BMI (33 kg/m2) at baseline. The effects on the birth rates and the presence of more natural
conceptions, however, are similar as in our study, although the shorter follow-up period of
only one IVF cycle, in this recent RCT limits direct comparison of both studies.

Subgroup analyses of the LIFEstyle study
The subgroup analyses of the LIFEstyle study revealed an influence of body fat distribution
on the chance of a healthy singleton baby born at term within 24 months. In women with a
waist-hip (WH) ratio < 0.8, the six-month lifestyle intervention resulted in a lower healthy live
birth rate compared to women with a WH ratio ≥ 0.8. This might be an incidental finding, as
this finding was not reproduced for the other outcome measures such as overall live births.
An alternative explanation could be that women with a WH ratio < 0.8, and therefore a noncentral fat distribution, do not benefit from weight loss. It is known that intra-abdominal
adipose tissue accumulation is related to increased insulin resistance and cardiometabolic
risks.15,16 This is in contrast with subcutaneous fat accumulation, which is mainly present on
the hips, which poses little metabolic risks.16 Women with subcutaneous fat accumulation
(and a normal WH ratio) have a lower risk of metabolic imbalances, such as insulin resistance,
compared to women with intra-abdominal adipose tissue accumulation and possibly do
not benefit from a lifestyle intervention, which is aimed to alleviate metabolic imbalances
and by doing so improving conception rates.17 This finding should be investigated further, as
it might implicate that women with a normal WH ratio, and therefore mainly subcutaneous
fat accumulation, do not benefit from lifestyle intervention in terms delivery of a healthy
singleton at term within 24 months.
The increased chance of a natural conception, as seen in the LIFEstyle study, is present
in subgroups of anovulatory women, women of 36 years and younger and women with
a WH ratio of > 0.8. Furthermore, relative to ovulatory women, anovulatory women have
a significantly increased chance of a natural conception (P = 0.02). The difference in the
rate of natural conceptions between the intervention and control group mainly arose after
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the six months of lifestyle intervention, since 41 natural pregnancies in the intervention
group and 36 natural conceptions in the control group were present at six months after
randomisation. The difference between the rate of natural conceptions in the intervention
and control group can therefore not directly be explained by the postponing of infertility
treatment and as a consequence a longer time to achieve a natural conception in the
intervention group during the first six months of the study. The finding that anovulatory
women benefit specifically from a lifestyle intervention preceding infertility treatment in
terms of natural conception rates is in line with earlier studies. In a Cochrane review in
2011, Moran et al. concluded that lifestyle interventions in women with PCOS result in
improvements in body composition, hyperandrogenism and insulin resistance.18 However,
they found insufficient data in the literature for assessing reproductive outcomes, such as
ovulation rates and birth rates. Similar findings as in our study have been reported in a posthoc analysis of two RCTs by Legro et al., comparing ovulation rates and live birth rates in
women with PCOS who received immediate ovulation induction with clomiphene citrate
(n = 187) versus women who received a sixteen weeks treatment with lifestyle intervention
(n = 48) , oral contraceptives (n = 47) or both (n = 48) prior to ovulation induction.19
Women who received the lifestyle intervention (either alone or combined with an oral
contraceptive respectively) had improved ovulation rates (RR 1.4, 95% CI 1.1 to 1.7 and RR
1.4, 95% CI 1.2 to 1.8 ) and live birth rates (RR 2.5, 95% CI 1.3 to 4.7 and RR 2.5, 95% CI 1.3
to 4.8) compared to women who received immediate ovulation induction. Furthermore,
Kuchenbecker et al. showed that, in obese women with PCOS, loss of intra-abdominal fat
is associated with resumption of ovulation.17 Potential mechanisms explaining improved
ovulation rates and therefore increased natural pregnancy rates in obese women with PCOS
is an improvement of the insulin resistance after weight loss and a subsequent decrease
in the hyperandrogenaemia.17,20 In light of our results and those of previous studies, it is
likely that specifically in anovulatory obese infertile women a preconception lifestyle
intervention could lead to resumption of ovulatory cycles and as a consequence higher
natural conception rates and hence a reduction in the need for infertility treatment.

Economic evaluation of the LIFEstyle study
The economic evaluation of the LIFEstyle study showed that lifestyle intervention preceding
infertility treatment is less costly, but not more effective than prompt infertility treatment
in terms of vaginal birth rate of a healthy singleton at term within 24 months of followup. This basecase scenario was compared to several other scenarios. Using the overall live
birth rate of all ongoing pregnancies conceived within 24 months as the outcome, the
probability that the lifestyle intervention was cost-effective increased. With the overall
live birth rate of all ongoing pregnancies conceived within 24 months as outcome, the
probability that lifestyle intervention preceding infertility treatment was cost-effective in
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anovulatory women, in women who completed the lifestyle intervention program and in
women ≥ 36 years old was higher than in the basecase scenario. Costs per birth event
were generally lower in the intervention group compared to the control group using the
overall live birth rate conceived within 24 months as effectiveness outcome, but not using
the primary outcome as effectiveness outcome. Comparing these results to the literature
is not possible, since studies on lifestyle intervention preceding infertility treatment in
obese infertile women were mainly focused on anovulatory obese women and did not
take costs into account.19,21 We can conclude that the lifestyle intervention is more likely
to be cost-effective for longer follow-up times and with live births conceived within 24
months as the effectiveness outcome (instead of the primary outcome, the healthy
singleton live birth rate at term within 24 months). This indicates that the follow-up period
of lifestyle interventions in obese infertile women is an important factor that mediates costeffectiveness. This economic evaluation shows that a lifestyle intervention is a relatively
inexpensive intervention (mean costs per woman €174) as compared to the additional
infertility treatments that are necessary in women in the control group of the LIFEstyle
study. The disadvantage of the lifestyle intervention is less healthy live births after exactly 24
months compared to the control group, but when including pregnancies ending beyond
24 months of randomisation there is no difference in the number of (healthy) live births
between the intervention group and control group (as stated in paragraph 2.1). In addition,
the chance of achieving cost-effectiveness of the lifestyle intervention increases when
including pregnancies ending beyond 24 months of randomisation. Therefore, a lifestyle
intervention in obese infertile women seems a small price to pay to prevent additional
(unnecessary) infertility treatments with on the longer term similar birth rates.

The LIFEstyle study: Cardiometabolic outcomes and quality of life
We showed that a six-month lifestyle intervention prior to infertility treatment leads to better
cardiometabolic health in obese infertile women. Participants in the lifestyle intervention
group had lower body weight, waist- and hip circumference, blood pressure, fasting glucose
and insulin levels, insulin resistance, and a higher physical quality of life (QoL) compared
to women who promptly started infertility treatment. These relatively small but consistent
effects on cardiometabolic factors resulted in halved odds of metabolic syndrome.
Landmark lifestyle interventions trials have shown similar effects on the presence on
type II diabetes and hypertension. The Diabetes Prevention Program (DPP) focussed on
overweight adults at risk for the development of type II DM by investigating if a lifestyle
intervention or treatment with metformin delayed the onset of type II DM compared to
treatment with a placebo. The lifestyle intervention, with the goals of 7% weight loss and
at least 150 minutes of physical activity per week, reduced the incidence of diabetes by
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58% (95% CI 48 to 66%) and metformin by 31% (95%CI 17 to 43%) as compared to placebo
during the average follow-up time of 2.8 years.22 During the 10 year follow-up, the original
lifestyle group lost, then partly regained weight, while the weight loss with metformin
was maintained.23 Diabetes incidence in the ten years after randomisation was reduced by
35% (24-42%) in the lifestyle group and 18% (7-28%) in the metformin group compared
to placebo group. Therefore, the authors conclude that prevention or delay of diabetes
with lifestyle intervention or metformin can persist for at least 10 years. The Look AHEAD
trial was a RCT in overweight and obese individuals already diagnosed with type II DM.
The authors aimed to investigate if a lifestyle intervention would decrease cardiovascular
morbidity and mortality.24 5145 patients were randomised to participate in an intensive
lifestyle intervention that promoted weight loss through decreased caloric intake and
increased physical activity, or to receive standard diabetes support and education. Weight
loss was greater in patients who received the lifestyle intervention compared to patients
who standard diabetes support (8.6% vs. 0.7% weight reduction at 1 year; 6.0% vs. 3.5%
weight reduction at 9.6 years). Although there was no difference in morbidity and mortality
as a consequence of cardiovascular events,24 there are important health benefits of lifestyle
intervention in overweight and obese individuals with type II DM aside from a reduction
in CVD outcomes, such as complete or partial remission of diabetes, reduction in sleep
apnoea and better mobility.25 Furthermore it was noted that participants succeeded to
maintain their weight loss on the long term.24,25
Lifestyle intervention has also been shown to reduce blood pressure in patients with
suboptimal blood pressure. In the PREMIER RCT 810 patients with suboptimal blood
pressure were randomized to either advice only, an established lifestyle intervention or the
established lifestyle intervention plus a DASH (Dietary Approaches to Stop Hypertension)
diet.26 The DASH diet included additional recommendations about fruit, vegetable, low-fat
dairy and fat intake. At six months after randomisation there was a significant reduction
in systolic blood pressure in participants of the established lifestyle intervention and the
intervention including the DASH diet compared to participants who received advice only
(3.7 mmHg, P < 0.001 and 4.3 mmHg, P < 0.001 respectively).
The short term effect of the intervention on the composite outcome for metabolic syndrome
in our study might be highly clinically relevant, since metabolic syndrome leads to doubled
risks of cardiovascular events and a 50% increase in all-cause mortality.27-29 Halving the odds
of metabolic syndrome could potentially greatly diminish the future risk of a cardiovascular
event in this obese infertile group. The long-term effects of the lifestyle intervention on i.a.
cardiometabolic health will be investigated in the WOMB project (www.womb-project.nl).
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The lifestyle intervention led to higher physical QoL, but we did not find any effect on mental
QoL. It is known that both cardiometabolic and reproductive morbidity reduce physical
and mental quality of life and it is therefore important to address quality of life in obese
infertile women.30,31 It is recommended in women with PCOS to address poor emotional
wellbeing and mood disorders.32 Our finding of higher physical QoL is in concordance with
previous weight loss trials.33 In addition, increases in QoL, reduction in depressive symptoms
and anxiety disorders have been noted in women with PCOS after weight loss.34 The lack
of effect of the intervention on mental QoL might be explained by the fact that women
participating in this trial were infertile and their primary motivation for participating in the
LIFEstyle study was to become pregnant and not to lose weight. For this reason, ongoing
infertility and the associated mental distress could overshadow the potential positive effect
of the intervention on mental QoL.35,36

Effects of periconceptional weight loss on maternal and neonatal outcomes
during pregnancy; evaluation within the LIFEstyle cohort
Women who achieved modest periconceptional weight loss had a decreased rate (aOR
0.4, 95% CI 0.2 to 0.8) of hypertensive pregnancy complications compared to women who
gained weight during the periconceptional period. For women with a singleton pregnancy
the rate of preterm birth was significantly decreased in women who lost -2.1 to -0.9 kg/m2
during the periconceptional period and also for women in the three quartiles with highest
periconceptional weight loss compared to women who gained weight. Studies on the
effects of lifestyle interventions in order to decrease periconception weight to possibly
counteract the adverse effects of overweight are limited. Villamor and Cnattingius examined
the association of weight change between a first and second pregnancy and risk of adverse
pregnancy outcomes during the second pregnancy in a Swedish cohort of 151 025 women,
of which 36 800 women had a BMI ≥ 25 kg/m2 at the first pregnancy.37 The authors did not
find a significant difference in the rate of gestational hypertension or gestational diabetes
in women with a BMI ≥ 25 kg/m2 who lost > 1 kg/m2 before the next pregnancy, but there
was a lower rate of LGA (aOR 0.8, 95%CI 0.7-1.0). This was also observed by Jain et al., in a
cohort study including 10 444 obese women. We did not observe a decreased rate of LGA in
obese women who achieved periconceptional weight loss, possibly as a result of relatively
low rate of LGA in our study. Our results are in agreement to findings of Mostello et al., who
investigated risks of recurrent preeclampsia in a cohort study of 17 773 women whose first
pregnancies were complicated by preeclampsia. Within subgroups of women with normal
weight, overweight and obesity, they found that women who decreased their BMI between
pregnancies were less likely to experience recurrent preeclampsia.38
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Results of studies investigating the effects of preconception bariatric surgery may serve
as an example regarding how the incidence of pregnancy complications can be affected
after weight loss. Studies investigating the effects of preconception bariatric surgery show
decreased rates of gestational diabetes (OR 0.3, 95% CI 0.2-0.7), hypertensive disorders (OR
0.4, 95% CI 0.2-0.8), foetal macrosomia (OR 0.4, 95% CI 0.2-0.7) and LGA (OR 0.3, 95% CI
0.2-0.4).39-41 However, there is a higher risk of SGA (OR 2.2, 95% CI 1.3-3.7) and some studies
report a shorter duration of gestation.40,41 Average weight loss that can be achieved by
obese women of reproductive age after bariatric surgery is on average minus 8 to 15 kg/
m2.40 This is a much greater weight loss than that was achieved with lifestyle intervention
in our study. Remarkably, the magnitude of effect in reduction of the rate of hypertensive
disorders, aOR 0.4, 95% CI 0.2 to 0.8, is comparable to that in our study. One can hypothesize
that there might be a gradual decline in the risk of various complications during pregnancy
with increasing magnitude of weight loss prior to conception. However, this was not
apparent in our analysis, since all tests for linear relations (which indicate a gradual incline or
decline) were not statistically significant for the limited weight reduction that was achieved
in our study. However, since the LIFEstyle study was not powered on adverse outcomes, it
is possible that not enough women with adverse outcomes were present in the analysis
to achieve a significant difference. Remarkably, the risk of hypertensive complications
already decreased after moderate weight change from -0.9 to 0.1 kg/m2, it was apparent
that especially weight gain was detrimental, with women who gained weight having the
highest incidence of multiple adverse outcomes. Possibly risks for LGA and gestational
diabetes only tend to decrease after higher percentages of weight loss as illustrated by
studies on effects of bariatric surgery. Ultimately, with increasing amounts of weight loss, an
increased rate of being small-for-gestational-age is one of the prices paid by the offspring.
Further studies, with greater sample sizes, or meta-analysis of individual patient data should
be performed to determine what amount of weight loss in obese women balances risks of
hypertensive disorders, gestational diabetes, being large-for-gestational-age and small-forgestational-age.

Determinants of success in participants of the lifestyle intervention
Despite the many factors we assessed as possible determinants of successful lifestyle
change in obese infertile women, only few were associated with lifestyle change. Women
who had previous support from a dietician had an approximately 50% lower change
of successful weight loss, compared to women without prior support. These women,
having had counselling by a dietician in history and were unable to change lifestyle could
therefore be less susceptible to a repetition of the support offered during our lifestyle
intervention program. This is in line with existing literature, showing that fewer previous
weight loss attempts and less previous dieting are predictors of successful weight loss.42
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It is recommended that in future lifestyle intervention studies attention should be paid to
weight loss history and previous support of a dietician. Possibly, patients with an elaborate
weight loss history do not benefit from guidance focused on information and dietetic
support, but benefit from either more extensive support or other types of guidance such as
psychological help or more intense motivational counselling.
In our study population, neither educational level nor socioeconomic status (SES) was
identified as a determinant of lifestyle change. This suggests that the lifestyle intervention
program is effective for women of both lower and higher SES. Our findings are in agreement
with literature suggesting that high self-regulation skills and high self-efficacy are associated
with a reduction in energy intake and increased physical activity.43 Remarkably, women in
the action phase of readiness to change were both more likely to increase their number of
steps and to complete the intervention program compared to women in the maintenance
phase (which is the highest level of readiness to change). Hypothetically, a ceiling effect
may exist for women in the maintenance phase of readiness to change, limiting their ability
to improve any further. Furthermore, our results are in line with a review in which readiness
to change was found to be positively associated with physical activity.44 Thus, it is important
to assess and possibly influence readiness to change into consultations with health care
providers and lifestyle interventions.45

Reflection on the ethical considerations regarding lifestyle
intervention and infertility treatment in obese infertile women
There has been a global discussion from an ethical and societal perspective whether
infertility treatment should be offered to women with obesity.46-48 Couples faced with
infertility and obesity are often prepared to conceive despite risks for the future mother,
risks for the future child and the anticipated decreased live birth rates. Several principles
have to be kept in mind when reflecting on this topic.

Obesity as a disease, the obesogenic environment and health inequities in
modern society
As discussed in Chapter 1 our current society is characterised by an obesogenic way of
life. This consists of an environment with an increasing amount of readily available energydense processed foods and decreasing necessity and possibilities for physical activity.49
Furthermore, a social gradient in health status exists (i.e., health is progressively better
the higher the socioeconomic status of people and communities) and people with lower
socioeconomic status may not have the abilities, health related skills, or possibilities to
maintain a healthy lifestyle and a healthy weight.50 Inequalities in health among groups
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with different socioeconomic status present one of the main challenges to public health.51,52
Obesity should not be simply seen as a conscious and autonomous choice for an “obese
lifestyle”, as exemplified by the statement of the American Medical Association in 2013 that
obesity should be regarded as a chronic disease.53 Regarding obesity as a disease highlights
its consequences on health, lifespan and quality of life of an individual. Furthermore,
it opens pathways for research funding and prioritises obesity on the health agendas of
governments. In contrast, it may promote a culture of personal irresponsibility and to
absolve an individual from taking action.54
The importance of addressing social inequities, specifically in antenatal care, has been
recognised and now has become a higher priority in governmental policies. By doing
so, the health of future mothers and subsequently the health of future generations can
be improved. Changes in healthcare policies have been recommended by European
and national authorities, as detailed in the following paragraphs. The Review of Social
Determinants of Health and Health Divide, which was commissioned to support the health
policy framework for Europe called “Health 2020”, recommends a focus on certain types
of behaviour (such as diet) in national and European policies.50 Furthermore, the Review
acknowledges that advantages and disadvantages in health accumulate over the course
of life. Therefore, it is important that strategies to reduce inequities benefit women of
childbearing age and families with young children to support a healthy start in early life.50
In the Annual Report of the Chief Medical Officer in the United Kingdom of 2014, the first
recommendation was that the government should include obesity in its national risk
planning, since it can affect the outcomes of pregnancies and therefore the health of any
future children.55 Furthermore, it was recommended that more research should be initiated
in the field of preconception care, to improve maternal and child physical and mental
health. The Chief Medical Officer also noted that (quote) “At present, planning for a healthy
pregnancy by individuals and their supporting healthcare professional is inconsistent, even
for those with co-morbidities who would benefit from pre-conceptual counselling and
advice. There is also minimal planning for the postnatal period during pregnancy, when
women are probably most motivated to make positive decisions for their health and that
of their children.”55
In the Netherlands, a nationwide project “Healthy Pregnancy 4 All” has been funded by
the Ministry of Health, Welfare and Sport. The project recognised the divide in maternal
and neonatal outcomes in pregnant women with different socioeconomic backgrounds.
The programme has been implemented in ten municipalities in the Netherlands, aiming
to target communities with a relatively disadvantageous position with regard to perinatal
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and child health outcomes.56 Results are expected in the coming years and could possibly
teach us whether such an approach could improve maternal health and the health of future
children in women with more disadvantageous socioeconomic positions and the related
increased prevalence of obesity.

Benefits and risks of infertility treatment in relation to obesity
The primary aim of infertility treatment is to achieve the birth of a healthy child without
exposing women and their future offspring to disproportional risks. This puts the
professionals dealing with infertility in obese patients and their obese patients to the test,
not only with respect to the wish of the future parents, but also with respect to welfare of
the future child. The health care professional working in the field of reproductive medicine
has to balance these benefits and risks together with the couple. Secondly, in the field of
reproductive medicine, caregivers are required to determine if a woman or a couple could
reasonably and safely be able to raise a child. Obesity is related with increased risks during
pregnancy and impacts the health of the future child, and as with any chronic disease
optimising the health status of a woman with obesity could be an important determinant
of the health of the offspring.
Likewise, it can be reasonably expected that patients commit and make serious efforts
to optimise the success of their (infertility) treatment. The European Society of Human
Reproduction and Embryology (ESHRE) Taskforce on ethics and law composed a position
paper called ’Lifestyle related factors and access to medical assisted reproduction’ in 2010. The
taskforce states that (quote): “Within this patient doctor relationship, the doctor has an
obligation to provide medical help. This may include information, counselling, diagnosis,
treatment or referral. It is the patient’s responsibility to provide healthcare providers with
accurate information that is needed to facilitate medical decision-making, to keep their
appointments and to contribute to a successful outcome by following prescription and
medical advice. This also includes advice on relevant health or lifestyle factors”.57 As presented
in this thesis, a lifestyle intervention poses several advantages and disadvantages, which also
involve societal decisions (such as the willingness to pay for infertility treatment and lifestyle
interventions). The implications for clinical practice will be addressed in the following section.

Implications for clinical practice
The current multidisciplinary guideline for the diagnosis and treatment of infertility in the
Netherlands recommends that obese women are informed that obesity causes a longer
time-to-pregnancy and that obesity is detrimental for their chances to become pregnant.58
In addition, it states that healthcare professionals should recommend obese anovulatory
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women to try to achieve weight loss. Weight loss prior to infertility treatment in obese
women is also advised in the British and American guidelines of reproductive medicine.59,60
A BMI of ≥ 35 kg/m2 is commonly advised as a cut-off value to withhold infertility treatment
in certain countries.47 The abovementioned ESHRE position paper stated that (quote) “a
serious effort towards achieving weight loss can be expected from an obese woman, since
weight reduction is expected to have beneficial results on infertility treatment outcome
and health during pregnancy and of the future child”.57
This thesis showed that indeed some of the risks for obese women (i.e. metabolic syndrome
and hypertensive complications during pregnancy) can be lowered when obese women
lose weight during the periconception phase. In addition, especially in anovulatory women,
the rate of natural conception increases and costs of infertility treatment and pregnancy may
decrease. These are strong arguments to advocate weight loss prior to infertility treatment.
However, the results in this thesis and the above-mentioned ethical considerations do not
support strict BMI cut-off values to withhold infertility treatment when a lifestyle intervention
fails. When a woman fails to lose weight, or cannot complete the lifestyle intervention,
additional counselling is necessary. When a woman or couple decides to proceed with
infertility treatment it should be initiated when the benefit outweighs the risks both for the
woman and the future child. In an invited commentary published on the occasion of the
publication of chapter 3 of this thesis, one of the leading scientists in reproductive medicine
called for a tearing down of the “weight wall” that women with obesity might encounter
and to admit all obese infertile patients after counselling of the involved risks of obesity
during pregnancy.61 In addition, the ESHRE position paper stated that infertility treatment
can only be withheld when (quote) “high risk of serious harm“ is expected, and for obesity
this is not always the case.57
As “health advocates”, we have to acknowledge that counselling alone is not enough when
obstetric or perinatal risks are serious and that obese women require optimal treatment
before proceeding to infertility treatment. We should agree with and endorse the definition
of obesity as a disease and act accordingly; inform, advice and treat or at least optimise
this chronic disease in the obese patient. Moreover, we should not leave our obese infertile
patients alone struggling with this disease as many of these women do not have the healthrelated skills, or possibilities to maintain a healthy lifestyle and to achieve a healthy weight.50
It should be a mutual responsibility, for doctors and patients, to mitigate the disease’s
consequences. It will take both time and effort for women to change lifestyle, as well as a
willingness of healthcare providers in fertility clinics to guide, support and motivate these
women. As mentioned, when these efforts fail, infertility treatment can be initiated after
appropriate counselling.46,57
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Additional studies on risks and benefits of infertility treatment are necessary in women who
are morbidly obese (BMI above 40 kg/m2), as their complication rates (such as gestational
diabetes and hypertensive disorders) during pregnancy are triple to fourfold compared to
controls with normal weight.
The duration of a lifestyle intervention, which is recommended to take at least six months, can
be perceived as a barrier to women with advanced age who are trying to conceive. Indeed,
there is limited evidence that the effect of advancing age on fertility is stronger than the effect
of BMI after the age of 36.62 Unfortunately, the number of women older than 36 years included
in the LIFEstyle study was limited and therefore conclusions based on this topic could not be
drawn. Further evidence on this topic is necessary to make further recommendations
It seems appropriate that reimbursement of costs of lifestyle interventions should be made
by health-insurance companies, since a lifestyle intervention is associated with reduced costs
on the long-term and an increase in general health. An even more favourable economic
trade-off can be made when a preconceptional lifestyle intervention also decreases costs
during pregnancy by lowering the complication rates. Preferably, the short and long-term
effects of these lifestyle programs, both for women and their offspring should be evaluated
in research programmes.
Furthermore, preventing obesity in children, adolescents and young women, who will
be the parents of our future generations, should be a priority in governmental policies.
Especially young women should be educated, encouraged and guided to maintain a
healthy weight and obesity should preferably be addressed prior to reproductive age. As
stated in thesis, intervening in the trans generational cycle of obesity in both fertile and
infertile women is important. Therefore, initiatives such as the Healthy Pregnancy 4 All
project, which are properly evaluated and aimed at all pregnant women, must be welcomed
and supported. Finally, neither doctors, nor lifestyle coaches, nor patients can deflect the
pandemic of obesity and its devastating consequences in virtually all health domains, it
is beyond their reach. Governments, industries, municipalities, employer organisations,
schools, but also health care organizations should take action. In virtually all domains within
our society measures can be taken to improve the lifestyle of women, children and men.
From legislation for the food industry, to school meals, sporting hours at school, playground
and free sporting facilities in cities and villages, safe walking and cycling lanes to planology
of new working and living areas, all will add up to an improvement of the chances for a
healthy lifestyle and consequently healthier weight of future generations. To break the trans
generational burden of this non-communicable disease we as health care workers should
put this important health issue on the agenda of the government and those in politics.
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Recommendations for future research
1. To strengthen evidence regarding rare pregnancy outcomes, an individual patient
data meta-analysis on periconceptional weight loss and risk of maternal and neonatal complications during pregnancy should be performed.
2. Interventions should preferably be shaped according to patient preferences. A
discrete choice experiment could investigate which intervention characteristics
obese women prefer.
3. Even more important is to know if women want to invest time and effort in losing
weight to achieve a higher rate of natural pregnancy and possibly better pregnancy outcomes? This can also be investigated using a discrete-choice experiment.
4. A well powered randomised controlled trial comparing the effects and costs of
a lifestyle intervention followed by ovulation induction or immediate ovulation
induction in obese women with PCOS is necessary since up to now only underpowered studies with live birth as outcome were published. These data can be used
to determine;
a. What is the ideal percentage of weight reduction to improve natural conception chance?
b. Does body-fat distribution influence the effects of a lifestyle intervention in this
group?
c. Does age influence the effects of a lifestyle intervention in this group?
5. There is no literature assessing what the best treatment options are for obese class
III infertile women. A RCT in infertile women with a BMI ≥ 40 kg/m2 investigating
pregnancy chances after bariatric surgery compared to lifestyle intervention could
assess the benefit-risk ratio between these two treatment options both for women
and their offspring.
6. Investigate whether more extensive motivational counselling and psychological
counselling could increase the readiness to change towards weight loss and if this
makes a lifestyle intervention more successful and decreases non-completion rates.
7. Long term reproductive and cardiometabolic effects on the health of the woman
and the offspring of a lifestyle intervention prior to infertility treatment in obese
infertile women are unknown. The WOMB project will investigate these effects in
women who participated in the LIFEstyle study (www.womb-project.nl).
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