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Abstract

Objective: To investigate the association of maternal body mass index (BMI) and recurrent 

pregnancy loss

Design: Systematic review and meta-analysis

Setting: Not applicable

Patients: 3833 women with recurrent pregnancy loss and 4083 controls

Intervention: Studies were identified through a PubMed, Embase, Scopus and Cochrane search.

Main outcome measure: The primary outcome of interest was maternal BMI. The results of 

the meta-analysis were reported as the mean difference with a 95% confidence interval (CI)

Results: 892 studies were reviewed. Pooled data from 25 studies suggest that the maternal BMI 

of women with a history of recurrent pregnancy loss is significantly higher than the BMI of 

controls, mean difference 0.7 kg/m2 [95% CI 0.2- 1.3].

Conclusion(s): These findings support an association between maternal BMI and recurrent 

pregnancy loss. Large prospective studies are needed to evaluate the influence of maternal BMI on 

pregnancy outcomes in women with RPL.
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Maternal body mass index is significantly higher in women with recurrent pregnancy loss 

compared to controls.
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INTRODUCTION

Recurrent pregnancy loss (RPL), defined as the spontaneous loss of two or more clinical 

pregnancies is a devastating disease and is estimated to affect 5% of couples hoping to 

grow their family (1-7). Despite having a wide prevalence, the mechanisms underlying RPL 

remain incompletely understood, with more than 50% of RPL cases unexplained (8).

There is an established link between risk of RPL and maternal underweight and obese 

state (9-12). Based on data from 2011-2012 in the United States, one in three women of 

reproductive age was obese (13) and the obesity pandemic is on the rise, worldwide. There 

are also significant racial and socio-economic disparities associated with obesity (14).

There are several areas of research that suggest mechanisms by which changes in 

BMI may influence pregnancy loss. Increased adiposity has been shown to disrupt 

the hypothalamic-pituitary-ovarian axis and steroidogenic activity in the ovary through 

decreased insulin sensitivity and increased inflammation (12, 15). Further, animal studies 

suggest inappropriate meiotic progression and meiotic spindle defects in oocytes (16). 

Together, these data suggest that obesity may affect reproductive outcomes by interfering 

with normal oocyte development, embryo development (17), or by a disrupted endometrium 

(18, 19). The suboptimal reproductive outcomes associated with BMI has been studies in 

donor oocyte IVF treatment (20,21)

The available studies evaluating the association between BMI and RPL present conflicting 

results due to differences in study design, varying definitions of RPL and BMI ranges and 

the final reproductive outcomes of interest.

The association of RPL and subtle changes in maternal BMI are not well studied. Given 

the large proportion of women affected, gaining a more comprehensive understanding of 

the influence of BMI on reproduction is pivotal. This may help to further explain the 

mechanisms driving idiopathic RPL. Establishing whether difference in BMI is associated 

with RPL may allow for the development and implementation of new interventions to 

prevent and treat RPL.

We, therefore, aim to perform a systematic review and meta-analysis to evaluate the 

association between mean differences in maternal BMI and RPL.
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MATERIALS AND METHODS

The conduct and reporting of this systematic review closely adhered to guidelines of the 

preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines 

(22).

Search strategy

A systematic search strategy was created for the concepts of recurrent pregnancy loss and 

body mass index. The search strategies were launched in PubMed (MEDLINE) 1946-, 

Embase (Elsevier) 1947-, Scopus (Elsevier) 1823-, and the Cochrane Library (Wiley). The 

search strategies for the Embase, Cochrane, and Scopus, databases were adapted from 

the MEDLINE search strategy. All databases were searched back to their inception and 

no language or date limits were applied. Searches were completed June 2019. The full 

strategies are available in Supplemental figure 1. All results were exported to Rayyan. The 

automatic duplicate finder was applied, and duplicates were removed, resulting in a total of 

892 unique citations. No additional studies were identified by reviewing the references of 

included studies.

Study selection criteria

Studies that compared a cohort of women with a history of RPL to controls and reported 

body mass index in both groups were included. There were no language restrictions applied 

in the study identification phase; however, only articles with a full English translation were 

included in the final analysis. Data in the abstract form only were excluded. Randomized 

controlled trials were excluded.

Data Extraction and Risk of Bias:

The results of the systematic search were thoroughly reviewed independently by three 

authors (EH, AE, DM). Data from included studies were then extracted for study design, 

study location, and year of publication. The definition of recurrent pregnancy loss was 

noted. Patient characteristics including age and body mass index were also extracted. The 

primary outcome was the mean difference in BMI between women with RPL and controls. 

A subgroup analysis was performed for two or more versus three or more miscarriages. A 

second subgroup analysis was performed to compare the mean age in the RPL and control 

groups.

Risk of bias assessment was performed by two authors separately (DM, AE) and described 

in Supplemental figure 1. The Newcastle-Ottawa quality assessment scale for case control 

studies was used to evaluate the study quality. A total of nine points can be awarded to any 

study where a maximum of one star for each category within the selection and exposure 

categories, and a maximum of two stars can be given for comparability.

Ethical approval

Institutional review board approval was not required due to study design and lack of 

identifiable data.
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Statistical methods

Using the meta and metafor packages in R, we produced forest, funnel, and meta-regression 

plots comparing the mean differences of age and BMI between RPL and controls for each 

analysis set of studies. The forest plots summarize RPL and control groups with counts, 

means, and standard deviations. The between-group mean difference is displayed visually 

and numerically with the mean difference and confidence interval and used random effect 

weights in the calculation of the composite statistics. A random effects model was used to 

meta-analyze the data due to the variability within the studies and between the studies.

RESULTS:

A flow diagram of the systematic review (PRISMA template) is shown in Figure 1. Of 

892 articles identified in the initial searches, 860 underwent full-text assessment. Of these, 

28 trials were included in the qualitative analysis. The study characteristics are detailed in 

Table 1. Three studies appeared to be conducted at the same site using the same group of 

participants (cases and controls), but with different study designs and date, so we included 

the most recent study with the largest number of participants. Another study was also 

excluded from metanalysis as the standard deviation of mean BMI was not mentioned. 

A retrospective study of 306 participants provided separate data based on two different 

ethnicities within Chinese women, therefore, we included this as two separate studies in the 

meta-analysis (23).

A total of 10 studies presented results from gene polymorphism studies, nine from 

angiogenesis and hematological factors, three from autoantibody assessment and four from 

assessment of endocrine factors. Overall, three studies were from North America, six from 

Europe, 12 from the Middle East, and seven from Asia. All studies had pre-specified 

inclusion and exclusion criteria.

RPL was defined as a history of two or more pregnancy losses in 14 trials and as a history of 

three or more pregnancy losses in 11 trials.

Synthesis of Results

A total of 7916 women were included in the final meta-analysis, 3833 (48%) women with 

RPL and 4083 (52%) controls. The mean BMI in the RPL group ranged from 20.3 to 

29.3 kg/m2. The mean BMI in the control group ranged from 20.1 to 26.9 kg/m2. Women 

with recurrent pregnancy loss had a significantly higher BMI compared to fertile controls, 

mean difference 0.7 kg/m2 [95% CI 0.2; 1.3] (Figure 2). Statistical heterogeneity was 90% 

(p<0.01) within the included studies.

A subgroup analysis was performed when RPL was defined as two versus three or more 

pregnancy losses. A total of 14 studies defined RPL as two or more pregnancy losses and 

included 626 women with RPL and 1661 controls (Figure 3). The mean BMI in the RPL 

group ranged from 20.3 to 29.3 kg/m2 and the mean BMI in the control group ranged from 

20.1 to 26.9 kg/m2. When RPL was defined as two or more pregnancy losses, there was a 

significantly higher BMI in the RPL group, with a mean difference of 0.9 kg/m2 [95% CI 
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0.0; 1.7] between women with RPL and controls (Figure 3a). Statistical heterogeneity was 

92% (p<0.01) within the studies included.

A total of 11 studies defined RPL as three or more pregnancy losses and included 2207 

women with RPL and 2573 controls. The mean BMI in the RPL group ranged from 22.5 to 

26.3 kg/m2 and the mean BMI in the control group ranged from 21.6 to 26.7 kg/m2. When 

RPL was defined as three or more pregnancy losses, the difference in BMI between women 

with RPL and controls was non-significant, mean difference 0.43 kg/m2 [95% CI −0.5; 1.3] 

(Figure 3b). Statistical heterogeneity was 91% (p<0.01) within the included studies.

To evaluate maternal age as a potential confounder, the mean age in the RPL and control 

groups were compared (Figure 4). The mean age in the RPL group ranged from 27 to 35.6 

years and the mean age in the control group ranged from 27.2 to 35.9 years. One study (24) 

did not provide standard deviation of age and was therefore excluded from analysis. There 

was no significant difference in the mean age between women with RPL and controls, mean 

difference of 0.2 years [−0.1; 0.6]. Statistical heterogeneity was 58% (p<0.01) within the 

studies included.

Discussion

We report evidence that women with RPL have a significantly higher BMI compared to 

controls. This is the largest systematic review and meta-analysis comparing the difference in 

maternal body mass index in RPL and control cohorts. Our analysis confirms that maternal 

obesity is a risk factor for recurrent pregnancy loss.

We were unable to identify any studies evaluating the association of mean differences in 

maternal BMI and the risk of RPL. Our study shows a higher mean maternal BMI in the 

RPL group, but this does not imply that all women in the RPL group were overweight or 

obese. Previously, many studies have only evaluated the risk of RPL to either, maternal 

obesity (26) or an underweight state (27). Furthermore, an association of an increased 

frequency of euploid miscarriage among obese women with RPL was shown in 482 patients 

with a history of two or more consecutive miscarriages (28).

The exact mechanism of sub-optimal reproductive outcomes associated with changes in 

maternal BMI and RPL is unknown.

It is well known that elevated BMI may result in increased oxidative stress (29) and systemic 

inflammation (30). Furthermore, changes in body mass index is associated with reduced 

uterine receptivity (21), impairment of oocyte metabolism and maturation (31), increased 

risk of endocrine abnormalities (32) leading to metabolic syndrome, and shorter telomere 

length (33) which in turn is associated with poor reproductive outcomes.

Despite the difference in mean BMI between women with RPL and controls being small, 

the association may be clinically significant and increase a patient’s risk of miscarriage. 

It is important to note, however, that this correlation does not determine causation. While 

there was no difference in maternal age between groups, we were unable to control for other 
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possible confounding variables that may be associated with both changes in BMI and RPL, 

such as increased parity (34, 35) or increased rates of depression (36, 37).

This study also has the inherent limitations associated with a meta-analysis of observational 

studies. Although all studies specify a case and a control group, there are variations in case 

definitions, primary outcomes, participant numbers, study design and data collection. As 

a result, there is substantial heterogeneity between studies pooled in the meta-analyses. In 

addition, we were not able to include randomized control studies in the analysis as BMI 

is typically matched between cases and controls. Finally, we would have liked to perform 

a meta-analysis on underweight, normal weight, overweight and obese women with RPL, 

however, the data were insufficiently reported in studies to allow for such an analysis.

Nevertheless, this comprehensive review with a large number of women and narrow 

confidence intervals supports the validity of our conclusions. The study is further 

strengthened through a subgroup analysis based on two or three previous miscarriages, and 

meta-regression to assess publication bias.

In this systematic review and meta-analysis, we report that women with RPL have a 

significantly higher mean BMI compared to controls. Healthcare professionals should 

include a discussion of BMI as part of pre-conception and miscarriage counseling. BMI 

is not only a measure of weight and height; BMI can also be a sign or symptom for 

other conditions, such thyroid dysfunction, insulin resistance/diabetes, depression/anxiety, 

disordered eating habits, poor nutrition and physical activity, all of which are modifiable 

risks that when addressed could potentially improve the success of their next pregnancy 

and the health of their children. Further research to include conducting large, well-designed 

cohort studies to analyze relation of changes in maternal BMI and reproductive outcomes in 

RPL would be valuable.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA flow diagram of studies identified in the systematic review. PRISMA = preferred 

reporting items for systematic reviews and meta-analyses.
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Figure 2. 
Forest plot of primary outcome in the overall analysis. CI = confidence interval; RPL = 

recurrent pregnancy loss.
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Figure 3. 
Forest plot of subgroup analysis by definition of RPL A, RPL ≥2; B, RPL ≥3. CI = 

confidence interval; RPL = recurrent pregnancy loss.
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Figure 4. 
Forest plot of mean maternal age. CI = confidence interval; RPL = recurrent pregnancy loss.
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