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Abstract
Background: Weight loss could improve fertility, perhaps by reducing insulin 
resistance.
Objectives: To assess the effect of weight loss interventions on fertility in women 
with obesity not recruited because of known infertility.
Search Strategy: Three databases during 1966–2020, trial registry.
Selection Criteria: Randomized controlled trials (RCTs) with a follow-up of 1 year or 
more, with a mean cohort BMI of 30 kg/m2 or above.
Data Collection and Analysis: A systematic review and meta-analysis was conducted. 
The primary outcome was pregnancy. The secondary outcome was weight change.
Main Results: A total of 27 RCTs (5938 women) were included. Weight loss interven-
tions showed no statistically significant increase in pregnancies compared to control 
interventions (24 trials, 97 women with pregnancy; risk ratio [RR] 1.43, 95% confi-
dence interval [CI] 0.91–2.23); weight change (mean difference [MD] −2.36 kg, 21 tri-
als, 95% CI −3.17 to −1.55). Compared with low-fat diets, very-low-carbohydrate diets 
showed no statistically significant effect on women with pregnancy (three trials, 14 
women with pregnancy; RR 1.37, 95% CI 0.49–3.84) or weight change (MD −0.32 kg, 
95% CI −3.84 to 3.21).
Conclusions: Diet-based weight loss interventions for women with obesity not re-
cruited because of infertility were effective at producing long-term weight loss. The 
effects on fertility were not statistically significant, but few trials provided data. 
Weight loss trials should routinely collect fertility outcomes.
Systematic review registration: PROSPERO CRD42017078819.
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1  |  INTRODUC TION

The prevalence of obesity among women of reproductive age is ris-
ing globally, with around 20% of women estimated to be obese by 
2025.1 Many leading societies of reproductive medicine promote 
weight loss as a means of improving fertility in women who are over-
weight or obese,2 with a recent publication from the International 
Federation of Gynecology and Obstetrics (FIGO) recommend-
ing greater emphasis on the risks of obesity and the promotion of 
weight loss in the preconception period.3 Weight loss interventions 
are a cost-effective way of managing obesity at a national level.4 
However, the FIGO Committee have identified a lack of translation 
of preconception guidelines into clinical and public health practice. 
Randomized controlled trials (RCTs) supporting weight loss as a 
means to increase pregnancies are limited to a few trials in women 
with known infertility.5 It is believed that there are currently no RCTs 
that specifically examine the effect of weight loss for obesity on fer-
tility for women more generally.

Long-term RCTs of weight loss interventions for adults with 
obesity were systematically reviewed to examine their effects on 
fertility as measured by women with new pregnancies. In addition, 
very-low-carbohydrate diets were compared to low-fat diet inter-
ventions, since low-carbohydrate diets may decrease insulin resis-
tance, which has been suggested to improve fertility.6

2  |  MATERIAL S AND METHODS

The study adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for systematic 
reviews of interventions.7 We used a pre-specified protocol, regis-
tered with PROSPERO (No. CRD42017078819).

The included trial cohorts had a mean body mass index (BMI, 
calculated as weight in kilograms divided by the square of height in 
meters) of 30 or higher, and all participants were aged 18 years and 
older. Trials undertaken in cohorts of immediately pre- or postna-
tal women, or in women with known fertility issues, or conditions 
known to influence fertility, such as polycystic ovarian syndrome, 
were excluded. Thus, trials of weight loss interventions undertaken 
exclusively in cohorts of women undergoing fertility treatment or 
recruited with conditions known to affect fertility, and thus with fer-
tility as a main outcome, were not included in this systematic review. 
The aim of the present review was to identify drop-outs or losses to 
follow-up due to pregnancies in weight loss trials in the general pop-
ulation with obesity. Such trials have not been included in previous 
systematic reviews.

RCTs with a follow-up duration of 1  year or more were in-
cluded, with interventions focused clearly on weight loss. The 
main analysis of the present review was of any trials with a 
weight-reducing diet component or dietary advice, with or with-
out advice for increasing physical activity and/or provision of a 
physical activity program, on women with new pregnancies, when 
compared with controls.

The secondary analysis included RCTs that compared a low-fat 
diet-based intervention (≤30% daily calorie intake from fat) com-
pared with a low-carbohydrate diet (<40 g/day).

The primary outcome was women with pregnancy. Although 
pregnancy data were sought as outcomes in trials in the searches 
and trial register, these were only identified as drop-outs or losses 
to follow-up as indicated in the texts of trials and/or participant flow 
diagrams. Live birth data were also sought, but none were found. 
Denominators were adjusted for the number of women randomized 
in the trials. The authors of 33 RCTs were contacted to clarify data or 
to request unpublished outcome data, for example, where the trial 
reported participant drop-out due to pregnancy and the interven-
tion group from which these drop-outs occurred was not given. The 
secondary outcome was weight change at final follow-up.

Studies were identified by searching the full texts of trial reports 
in our database of all long-term (≥1 year) RCTs of weight loss inter-
ventions for adults with obesity used in our previous systematic re-
views and health technology assessments. The study database was 
derived from previous search strategies compiled from Medline, 
Embase, and the Cochrane Central Register of Controlled Trials, from 
1966 to August 2017.4,8 Additional studies were identified through 
review of the references of the retrieved articles. An updated search 
was undertaken for the years 2017 to 2020. No language exclusions 
were applied. The search strategy used for Medline and Embase is 
provided in Appendx S1.

Information collected from the studies included study location, 
inclusion criteria, intervention descriptions, attrition rate, and length 
of follow-up. The demographic data of participants were collected, 
including age, ethnicity, and baseline BMI. A copy of the data ex-
traction form has been included in Appendix S1.

Data were imported into Review Manager version 5.4.1 (The 
Cochrane Collaboration) for quantitative analysis. In the three clus-
ter RCTs,9–11 adjustments were made for interclass correlation co-
efficients.12 Not all trials provided data that could be used for the 
meta-analyses on weight change.

A random effects meta-analysis was used for pregnancy out-
come data, expressed as risk ratios (RRs) and 95% confidence inter-
vals (CIs), using all female participants randomized for denominators. 
Mean differences (MD) and 95% CI were estimated for continuous 
outcomes, giving preference to intention-to-treat data and data 
taking account of drop-outs. Heterogeneity was assessed between 
studies using the I2 test,12 where substantial heterogeneity was as-
sessed as 50% or more. Since pregnancy outcome data were few, 
a Bayesian logistic regression model (with non-informative priors) 
was used with WinBUGS 1.4.319 to assess whether results from the 
meta-analyses would differ. A funnel plot and Egger's test13 were 
used to assess for small study bias in the primary outcome women 
with pregnancy for interventions versus control, for which we had 
the largest number of trials. Subgroup analyses were undertaken 
for weight loss interventions versus control by type of intervention 
and BMI (≥35 vs. <35). It was planned to look at the effect of age 
(≥30 years <30 years), but only one trial had a mean age for all partic-
ipants aged under 30 years at baseline, so this was not undertaken. 
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The influence of attrition bias (low risk vs. unclear/high risk) was also 
examined for weight loss interventions versus control and women 
with pregnancy. Subgroup analyses for attrition bias and type of in-
tervention were post hoc.

3  |  RESULTS

Details of the selection process for the 27 included RCTs are summa-
rized in Figure S1. Of the 33 study authors contacted, five provided 
further information and were included in the review.

Full details of the included studies and interventions can be 
found in Table  S1. Sixteen studies were undertaken in the United 
States,9,14–28 two in the UK,10,29 two in Canada,11,30 and one each in 
Australia,31 Sweden,32 and Qatar.33 One RCT was conducted across 
centers in Germany, the UK, and Australia.34 Enrolment ranged from 
30 participants32 to 919 participants.11 Attrition ranged from 2.3%10 
to 53.4%.31

The mean age of study groups ranged from 29.4 years26 to 
52.5 years.10 The mean baseline BMI was 35 or more in nine tri-
als,9,14–16,18,20,23,26,28 and the highest mean BMI was 39.2.18 Seven tri-
als recruited participants with obesity-related co-morbidities; three 
included participants with type 2 diabetes or pre-diabetes,10,17,33 
one trial recruited those with two or more components of the met-
abolic syndrome,28 one or more risk factor for coronary heart dis-
ease,23 or one or more risk factor for obesity-related disease.15,34 
One trial was undertaken in a cohort of patients with a diagnosis of 
serious mental illness.16

All trials of weight loss interventions compared to minimal inter-
vention or control had a reducing-diet component, and 12 trials de-
scribed a diet low in fat with seven providing a specified limit of 30% 
or less total energy.16,21,22,26–28,33 Nine trials provided participants 
with specific calorie intake goals, either a calorie deficit of 500 kcal/
day24,27,31,32 or a limit of 1200–1800 kcal/day to achieve a deficit 
based on weight at baseline.20–22,28 The intervention by Taheri et al.33 
was a very low-calorie diet, with participants receiving Cambridge 
Weight Plan meal replacement products to achieve a daily calorie 
intake of 800–820 kcal/day. Three trials provided participants with 
access to commercial weight loss programs (Weightwatchers and 
Jenny Craig).21,22,34

Interventions in all but one trial11 described promoting physi-
cal activity and typically described physical activity goals of more 
than 150 minutes/week or a daily count of more than 10 000 steps. 
Three trials included a supervised exercise component in their in-
tervention.9,16,33 The reducing-diet component was delivered by 
regular in-person or telephone educational sessions with a trained 
interventionist in most trials. In six trials, the interventions were 
primarily digital-based, delivered remotely through a personal-
ized website,29 smartphone application,26,31 or through text and 
multimedia messages.17,19,24 Where described, the coaching con-
tent of educational sessions focused on common behavior change 
techniques such as goal-setting, identifying barriers to change,11 
and self-monitoring.20,27,33 Coaching styles, where described, 

included motivational interviewing18,25,30 and behavioral coun-
seling,34 using conceptual frameworks including social cognitive 
theory,18,19,24,26,30,31 behavioral self-management,28 the stages-
of-change model,16 and the transtheoretical model of behavior 
change.20,23,26

Details of the three RCTs comparing low-fat and very-low-
carbohydrate diet interventions are included in Table S1. Two trials 
were undertaken in the United States35,36 and one in Israel.37 The 
mean age of the study groups ranged from 45.5 years36 to 56 years.37 
The mean baseline BMI was above 35 in two trials,35,36 and the high-
est mean BMI was 36.1.36 One trial recruited participants with type 
2 diabetes.37

In all three trials, participants in the low-fat diet intervention were 
instructed to restrict fat intake to less than 30% of daily energy in-
take. Two trials included a calorie intake goal of 1200–1800 kcal/day 
based on gender in the low-fat diet intervention.36,37 The very-low-
carbohydrate diet interventions varied. Bazzano et al.35 maintained 
a daily carbohydrate limit of 40 g throughout the 12-month interven-
tion period, and participants in both groups received one meal re-
placement product per day to supplement their assigned diet. In the 
trials by Foster et al.36 and Goldstein et al.37 participants underwent 
an induction period with a daily carbohydrate limit of 20–25 g. This 
was increased to 40 g/day after 6 weeks,36 or by 5 g/day until the 
desired weight was achieved.37 In all trials, participants received reg-
ular in-person nutrition counseling with a dietician. Bazzano et al.35 
instructed participants at baseline to maintain their level of physical 
activity throughout the study, whereas Foster et al.36 included ad-
vice regarding physical activity in their interventions.

The risk of bias assessment for the 27 RCTs is included in 
Table S2. The trials were of variable quality and, as expected, all trials 
were judged to be at high risk of performance bias. Of the 27 RCTs, 
10 were judged to be at low risk of bias in four or more domains. Two 
trials were judged to have a low risk of bias in just one domain22,27 
and one trial was unclear or had a high risk of bias in all domains.32 
Five trials16,21,22,24,27 were judged to be at high risk of other biases 
due to sponsorships and/or company funding. In total, 15 trials had 
a high or unclear risk for incomplete outcome data due to high num-
bers of drop-outs and/or imbalances in the final numbers.

The present meta-analysis of 24 RCTs including 5549 women 
showed a non-significant increase in women with pregnancies as-
sociated with weight loss interventions (n = 24 trials, 97 events, RR 
1.43, 95% CI 0.91–2.23, I2 = 0%) (Figure 1), with pregnancy rates of 
68/3182 (2.1%) versus 29/2367 (1.2%). A visual inspection of the 
funnel plot did not suggest small study bias, and Egger's test was not 
statistically significant (P = 0.907) (Figure S2).

A meta-analysis of 21 RCTs for which reliable weight data were 
available showed that weight loss interventions led to significant 
weight change, with a MD of −2.36 kg compared to control groups 
at the final follow-up (n = 21 trials, MD −2.36 kg, 95% CI −3.17 to 
−1.55) (Figure 2).

There was substantial heterogeneity in weight lost (I2  = 77%). 
The greatest weight loss difference was seen in the trial by Taheri 
et al.33 (MD −8.00 kg, 95% CI −10.51 to −5.49), whose intervention 
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involved a 12-week very-low-calorie total diet replacement phase 
(800–820 kcal/day) with a physical activity program to attend fol-
lowed by a hypocaloric diet for 9  months. Similarly, the trials by 
Rock et al.21,22 in which participants were randomized to a commer-
cial weight loss program and received meal replacement products 
to supplement a hypocaloric diet with physical activity advice, re-
ported MDs of −5.90 kg and −4.80 kg compared to control groups.

Figures  S3 and S4 explore the influence of the types of inter-
vention, that is, whether there was an exercise program to attend 
or just advice, and the stringency of the prescribed calorie content. 
Figure  S3 showed no statistically significant differences for sub-
groups and women with pregnancy, whereas Figure S4 suggests that 
interventions with very low-calorie diets or meal provision, and su-
pervised exercise, could enhance long-term weight loss. Figures S5 
and S6 show no statistically significant difference in the response 
for women with pregnancy or weight change by initial mean BMI 
at baseline, although the baseline BMI reflects entire trial cohorts.

Figure S7 explores the effect of attrition bias (low risk vs. un-
clear/high risk) for women with pregnancy from weight loss inter-
ventions versus control. The risk ratio for women with pregnancy is 
1.10 (95% CI 0.55–2.20) for 10 low-risk trials, compared to 1.71 (95% 
CI 0.91–2.23) for 14 unclear or high-risk trials, but the statistical test-
ing for subgroup differences was not significant (P = 0.54).

The results of the meta-analysis of an association between low-
carbohydrate diet-based weight loss interventions and women with 

pregnancy (n = 3 trials, 14 events, RR 1.37, 95% CI 0.49–3.84) was not 
statistically significant with low heterogeneity (I2 = 0%) (Figure 3).

For the secondary outcome of weight change at follow-up, the 
present meta-analysis shows that participants randomized to a low-
carbohydrate diet intervention lost marginally more weight than 
those randomized to a low-fat diet (MD for weight change −0.32 kg, 
95% CI −3.84 to 3.21), but there was marked heterogeneity (I2 = 82%) 
(Figure 4). The trial by Bazzano et al.35 reported significantly greater 
weight change in the very-low-carbohydrate intervention group 
compared to the low-fat group, with a MD of −3.50 kg (95% CI −5.62 
to −1.38).

Results from the Bayesian analyses for pregnancy outcomes did 
not differ from those presented here.

4  |  DISCUSSION

It was discovered that weight loss interventions with a reducing-diet 
component were associated with increased pregnancies in women 
with obesity (RR 1.43, 95% CI 0.91–2.23). However, this was not sta-
tistically significant despite significant long-term weight loss. Trials 
of weight loss interventions in groups of women actively trying to 
become pregnant or undergoing fertility treatments, such as IVF, 
were not included in the present analysis since these have been cov-
ered by other systematic reviews, and the outcome measures of all 

F I G U R E  1  Forest plot. Women with pregnancies associated with diet-based weight loss interventions versus control. CI, confidence 
interval.
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included trials were primarily related to weight change and cardio-
vascular health.

Most dietary interventions used were based on caloric re-
striction. The highest fertility rate of 6.7% (8/119) was in the in-
tervention by Berry et al.9 which consisted of weekly in-person 
educational sessions on nutrition and exercise with no speci-
fied calorie limit. Similarly, the intervention group in the trial by 
Svetkey et al.26 had a fertility rate of 4.7% (8/169) and received 

coaching on a moderately hypocaloric diet from a dietitian or 
through a smartphone application. Two trials that utilized smart-
phone or text-message based interventions, Shapiro et al.24 and 
Fischer et al.17 also had high fertility rates of 5.5% (3/54) and 5.4% 
(3/55), respectively. Participants in the most restrictive interven-
tion, a very-low-calorie diet of 800–820 kcal/day with an exercise 
program in the trial by Taheri et al.33 had a fertility rate of 4.7% 
(1/21). Two of the interventions based on commercial weight loss 

F I G U R E  2  Forest plot. Intervention versus control: change in weight (kg). CI, confidence interval; SD, standard deviation.

F I G U R E  3  Forest plot. Women with pregnancies associated with very-low-carbohydrate versus low-fat diet interventions. CI, confidence 
interval.

F I G U R E  4  Forest plot. Very-low-carbohydrate diet versus low-fat diet interventions: weight change (kg). CI, confidence interval; SD, 
standard deviation.
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programs,21,34 were strongly associated with an increased fertility 
rate and had a risk ratio of 17.41, and 7.17 respectively. However, 
the third22 was less significant, with a risk ratio of 3 compared 
to control. However, all three had extremely wide confidence 
intervals.

The meta-analysis of three RCTs did not show an association 
between very-low-carbohydrate diets and fertility, compared to 
low-fat diets. McGrice and Porter6 undertook a systematic review 
of lower-carbohydrate diets (<45% total energy obtained from car-
bohydrates) compared to control groups and found that a lower car-
bohydrate diet may increase the fertility rate in women with fertility 
concerns. However, the evidence was not based on RCTs of very-
low-carbohydrate diets (<40 g/day) versus low-fat diets.

The meta-analysis of data from 21 RCTs has shown that weight 
loss interventions are effective, with a MD of −2.4 kg compared 
to control groups. The mean weight loss achieved at follow-up 
ranged from −2.6  kg in the trial by Duncan et al.31 who utilized 
a smartphone app-based intervention and a 500 kcal/day deficit 
diet, to −12 kg in the trial of a very-low calorie (800–820 kcal/
day) diet by Taheri et al.33 The three trials in which intervention 
group participants achieved a weight loss less than 1.4 kg at fol-
low-up17,25,30 gave no specified calorie limit and provided partic-
ipants with dietary advice. These findings suggest that a stricter 
degree of restriction may be more effective in achieving substan-
tial weight loss. One trial31 reported greater weight loss in their 
control group, who received no intervention. However, both the 
intervention and control groups in that trial had significant reduc-
tions in weight from baseline.

The most significant weight loss compared to control groups was 
seen in trials that provided the intervention groups with pre-packaged 
food items,21,22,33 with a MD of −8 kg, −5.9 kg, and − 4.8 kg. This sup-
ports findings from a systematic review by Astbury et al.38 who re-
ported that weight loss programs incorporating meal replacements led 
to greater weight loss at 12 months than comparator programs.

It was discovered that very-low-carbohydrate diets were only 
slightly more effective for weight loss than low-fat diets (MD 
−0.32 kg, 95% CI −3.84 to −3.21, I2  = 82%). The trial by Bazzano 
et al.35 contributed significantly to the results and was the only trial 
in which the MD in weight loss favored the low-carbohydrate group. 
The very-low-carbohydrate intervention in the trial by Bazzano 
et al.35 was the least restrictive, with no specified calorie limit. 
Interestingly, this trial also supplied participants with meal replace-
ment products to achieve the prescribed diet. That trial also showed 
significantly lower attrition.

The attrition rate varied across the 24 included RCTs of diet-
based weight loss versus control interventions, ranging in interven-
tion groups from 1.2%10 to 53.8%.31 No class of intervention was 
shown to be superior in retaining participants. However, high at-
trition rates were seen in those that were primarily digital-based. 
A systematic review by Beleigoli et al.39 found that digital-based 
weight loss interventions were superior to control for short-term 
(<6  months), but not long-term, weight loss, and attrition at fol-
low-up was high.

The present review has several strengths. The lack of studies un-
dertaken in this area necessitated a novel approach to finding preg-
nancy outcome data, and by extracting pregnancy-related losses to 
follow-up, it was possible to address the gap in the current evidence 
base. Another strength was contact with the authors, allowing for 
the gain of unreported information or clarification of that which was 
unclear, and the inclusion of five additional RCTs.

The present study also has some limitations. The trials included 
in the review were not primarily designed to examine the effect of 
weight loss on fertility. This meant that beyond drop-outs due to 
pregnancy, the trials had no extractable data on live births and mis-
carriage. In addition, the time point in studies at which these drop-
outs due to pregnancies occurred and the weight loss achieved by 
the time of drop-out were not reported. Although the majority of 
studies excluded women who were pregnant or planning a preg-
nancy at recruitment, the assessment of this was not detailed in 
the reports. It is therefore possible that participants who dropped 
out due to pregnancy had become pregnant before randomization. 
Additional pregnancies occurring towards the end of the follow-up 
period of the study may also have gone unreported. Three cluster-
randomized trials were included in the present review, for which it 
was not possible to extract reliable weight-change data for the sec-
ondary outcome and thus were omitted from the meta-analysis for 
weight. Trials identified from the search strategy that had a follow-up 
of less than 12 months and in which the mean cohort BMI was below 
30 were excluded. Therefore several trials with pregnancy-related 
drop-outs that were too short or undertaken in an overweight co-
hort were not evaluated. Finally, as some studies included both male 
and female participants and did not report weight outcomes by sex, 
both both sexes were included for the secondary outcome of weight 
change.

To evaluate the effect of obesity on fertility more conclu-
sively, trials of weight loss interventions should report pregnancy 
outcomes and drop-out data in detail. Future research to exam-
ine modes of delivery, the optimal duration and intensity of inter-
ventions, and body weight targets for optimum fertility should be 
examined.
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