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ABSTRACT 1 

 2 

Background. Higher body mass index (BMI) is associated with subfertility in women and 3 

men. This relationship is further substantiated by a few small randomized-controlled trials 4 

of weight reduction and success of assisted reproduction. The aim of the current study 5 

was to expand the current evidence-base by investigating the association between BMI 6 

and subfertility in men and women using multivariable regression and Mendelian 7 

randomization. 8 

Methods and findings. We studied 34,157 women (average age 30, average BMI 23.1 9 

kg/m2) and 31,496 men (average age 33, average BMI 25.4 kg/m2) who were genotyped 10 

and are participating in the Norwegian Mother, Father and Child Cohort Study. Self-11 

reported information was available on time-to-pregnancy and BMI. A total of 10% of 12 

couples were subfertile (time-to-pregnancy ≥12 months). Our findings support a J-shaped 13 

association between BMI and subfertility in both sexes using multivariable logistic 14 

regression models. Non-linear Mendelian randomization validated this relationship. A 1 15 

kg/m2 greater genetically predicted BMI was linked to 15% greater odds of subfertility (95% 16 

confidence interval 4% to 28%) in obese women (≥30.0 kg/m2) and 14% lower odds of 17 

subfertility (-25% to -3%) in women with BMI <20.0 kg/m2. A 1 kg/m2 higher genetically 18 

predicted BMI was linked to 23% greater odds of subfertility (6% to 43%) among obese 19 

men and 36% decreased odds (-62% to 7%) among men BMI <20.0 kg/m2. A genetically 20 

predicted BMI of 23 and 25 kg/m2 was linked to the lowest subfertility risk in women and 21 

men, respectively. The main limitations of our study were that we did not know whether the 22 

subfertility was driven by the woman, man, or both; the exclusive consideration of 23 

individuals of northern European ancestry; and the limited amount of participants with 24 

obesity or BMI values <20.0 kg/m2. 25 
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Conclusions. We observed a J-shaped relationship between BMI and subfertility in both 26 

sexes, when using both a standard multivariable regression and Mendelian randomization 27 

analysis, further supporting a potential causal role of BMI on subfertility. 28 

 29 

 30 

ABBREVIATIONS 31 

 32 

ART, assisted reproductive technology; BMI, body mass index; GRS: genetic risk score; 33 

GWAS: genome-wide association study; MR, Mendelian randomization; MoBa: the 34 

Norwegian Mother, Father, and Child cohort study; OR: odds ratio; SNP, single nucleotide 35 

polymorphism.  36 
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AUTHOR SUMMARY 37 

 38 

WHY WAS THIS STUDY DONE? 39 

• Higher body mass index (BMI) in both women and men is associated with 40 

subfertility in in observational studies. A few small randomized-controlled trials of 41 

weight reduction have reported an increased success of assisted reproduction in 42 

women. In addition, women with BMI <18.5 kg/m2 have lower conception rates with 43 

assisted reproduction technologies. A non-linear relationship between BMI and 44 

subfertility is suggested. 45 

• We aimed to investigate the association between BMI and subfertility using both a 46 

standard multivariable regression and a Mendelian randomization approach. 47 

 48 

WHAT DID THE RESEARCHERS DO AND FIND? 49 

• We examined the relationship between BMI and subfertility (time-to-pregnancy ≥12 50 

months) among all men and women in the Norwegian Mother, Father and Child 51 

Cohort Study with available genotype information and anthropometric data (34,157 52 

women, 31,496 men). 53 

• We observed a J-shaped relationship between BMI and subfertility in both sexes, 54 

when using both a standard multivariable regression and Mendelian randomization 55 

analysis. 56 

 57 

WHAT DO THESE FINDINGS MEAN? 58 

• Together with previous observational and trial evidence, findings support a causal 59 

effect of overweight/obesity on subfertility in women and men. 60 
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• Our findings expand the current evidence by also indicating that individuals at the 61 

lower end of the BMI distribution (<20 kg/m2) may have an increased risk of 62 

subfertility.  63 

• Current advice and support for overweight and obese subfertile couples to lose 64 

weight should continue. Additionally, clinicians should consider appropriate advice 65 

to those with low BMI on whether they should increase weight to obtain a normal 66 

BMI.  67 
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INTRODUCTION 68 

 69 

Body weight is associated with the ability to reproduce [1, 2]. In observational studies, high 70 

body mass index (BMI) in women is associated with greater risk of subfertility, commonly 71 

defined as trying to conceive without success for ≥12 months [3, 4], or a lower success of 72 

assisted reproductive technology (ART) [5]. In addition, women with BMI <18.5 kg/m2 have 73 

a lower chance of ART success [6], supporting the hypothesis of a non-linear relationship 74 

between BMI and subfertility. In men, subfertility appears to be more prevalent among 75 

those who are overweight or obese, and obese men are also overrepresented among ART 76 

users [7, 8]. There is some experimental evidence indicating that weight reduction 77 

interventions among women improve their likelihood of success after undergoing an ART 78 

treatment [9].  79 

BMI is closely linked to a broad range of other characteristics which are also 80 

related to subfertility [10, 11]. In addition, previous studies addressing the role of BMI on 81 

subfertility have not accounted for the partner’s BMI, which may add to the effect as 82 

individuals with greater BMI values are more likely to have a partner with elevated BMI 83 

(assortative mating) [12]. Thus, it remains unclear whether there is a causal relationship 84 

between BMI and subfertility, or if the association is due to confounding or partner’s BMI. 85 

The use of complementary methodological approaches could contribute to a better 86 

understanding of this matter. Mendelian randomization (MR) uses genetic variants that are 87 

robustly related to an exposure (e.g. BMI) to retrieve the unconfounded effect of that 88 

exposure on an outcome (e.g. subfertility) [13]. Results from MR are less likely to be 89 

confounded by the socioeconomic and behavioral factors that commonly affect 90 

conventional regression analyses but, at the same time, are susceptible to bias due to 91 

weak instruments and horizontal pleiotropy [14]. Given the different sources of bias 92 
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between multivariable regression and MR, when findings agree, it increases confidence in 93 

the consistent results reflecting a causal effect [15].  94 

Our aim was to investigate the association between BMI and subfertility in women 95 

and men using multivariable logistic regression and MR.  96 

 97 

 98 

METHODS 99 

 100 

The Norwegian Mother, Father and Child Cohort Study 101 

Our study included participants in the Mother, Father and Child Cohort Study (MoBa) [16, 102 

17]. The MoBa Study is a population-based pregnancy cohort study conducted by the 103 

Folkehelseinstituttet/Norwegian Institute of Public Health. Participants were recruited from 104 

all over Norway from 1999-2008. The women consented to participation in 41% of the 105 

pregnancies. The cohort now includes 114,500 children, 95,200 mothers and 75,200 106 

fathers. The current study is based on version #12 of the quality-assured data. The 107 

establishment of MoBa and initial data collection was based on a license from the 108 

Norwegian Data Protection Agency and approval from The Regional Committees for 109 

Medical and Health Research Ethics. The MoBa cohort is now based on regulations 110 

related to the Norwegian Health Registry Act. 111 

For the current study, we defined a subsample of parents with available genotype 112 

data and pre-pregnancy information on BMI. The genotype data used in this study come 113 

from blood samples obtained from both parents during pregnancy [18] and followed the 114 

pipeline described by Helgeland et al regarding genotype calling, imputation, and quality 115 

control [19]. We have described our work according to the STROBE guidelines for 116 

reporting MR (S1 Checklist) and cohort studies (S2 Checklist). 117 

 118 
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BMI 119 

Maternal and paternal pre-pregnancy weight and height were reported in the questionnaire 120 

completed at recruitment and used to calculate BMI as weight in kilograms divided by the 121 

squared height in meters. Extreme BMI values <9 or >90 kg/m2 were excluded. 122 

 123 

Genetic risk score for BMI 124 

We used the results from the most recent genome-wide association study (GWAS) of BMI 125 

to create the genetic instrument in our analysis [20]. This GWAS included approximately 126 

700,000 individuals of European ancestry (none of them participated in the MoBa cohort) 127 

that yielded 941 independent single nucleotide polymorphisms (SNPs) associated with 128 

BMI [20]. 896 of the 941 SNPs were available in the MoBa genotype data. We computed a 129 

weighted genetic risk score (GRS) by multiplying the number of risk alleles by the effect 130 

estimate of each variant and dividing by the total number of SNPs [21].  131 

 132 

Subfertility 133 

At the time of recruitment, women were asked whether the pregnancy was planned, and to 134 

provide information on how many months it had taken them to conceive [17]. The answer 135 

options were less than one month, 1-2 months, and 3 or more months. If the mother had 136 

used ≥3 months, she was asked to further specify exactly how many months the couple 137 

had been trying to conceive. Subfertility was defined as time-to-pregnancy ≥12 months or 138 

having used ART. Those reporting a time-to-pregnancy <12 months or involved in 139 

unplanned pregnancies were included in the reference group.  140 

 141 

Other variables 142 

From the MoBa questionnaires, we gathered information on age (continuous), educational 143 

level (years of education equivalent to the US system [22, 23], continuous), cigarette 144 
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smoking (never smokers, former smokers, having quitted smoking by 12th –mothers– or 145 

18th gestational week –fathers–, or being a current smoker), and previous number of 146 

deliveries (0, 1, 2, or ≥3).  147 

 148 

Ethical approval 149 

The data collection in MoBa is approved by the Norwegian Data Inspectorate. Participants 150 

provided a written informed consent before joining the cohort. This project was approved 151 

by the Regional Committee for Medical and Health Research Ethics of South/East Norway 152 

(reference: 2017/1362).  153 

 154 

Statistical analyses 155 

We used means and standard deviations to describe normally distributed continuous 156 

variables, medians and 1st-3rd quartiles for non-normally distributed continuous variables, 157 

and proportions for categorical variables. We assessed differences in baseline 158 

characteristics among subfertile and non-subfertile parents using t-tests for normally 159 

distributed continuous variables, Mann-Whitney U-tests for non-normally distributed 160 

continuous variables, and chi-squared tests in categorical variables. 161 

We first evaluated the presence of a linear relationship between BMI and 162 

subfertility in women and men separately by standard logistic regressions. We examined 163 

the evidence for a non-linear association by assessing the relationship between a 1 kg/m2 164 

increase in measured BMI and subfertility odds in BMI categories defined by current WHO 165 

guidelines: underweight and normal-low weight (<20.0 kg/m2), normal weight (20.0-24.9 166 

kg/m2), overweight (25.0-29.9 kg/m2), and obesity (≥30.0 kg/m2). We also assessed 167 

whether a model using smoothed cubic splines (K+4 degrees of freedom) to model the 168 

relationship between BMI and subfertility fitted the data better than a simple linear term 169 

using a likelihood ratio test. All logistic regression models were adjusted for age, education 170 
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years, smoking, and number of previous deliveries. We computed clustered standard 171 

errors to account for dependency between women/men who participated with more than 172 

one pregnancy. 173 

In the MR analyses, we used a linear regression model to obtain a genetically 174 

predicted BMI using the GRS for BMI as a predictor. We assessed the linear relationship 175 

between genetically predicted BMI and subfertility by logistic regression models. We 176 

explored non-linear associations by investigating the association between a 1 kg/m2 177 

increase in the genetically predicted BMI and subfertility within residual BMI categories 178 

using WHO definitions as previously described. Residual BMI is defined as the 179 

participant’s reported BMI minus the genetically predicted BMI. The stratification according 180 

to residual BMI allows the comparison of participants who would have a similar BMI if they 181 

had the same genetic information and is a strategy to minimize collider bias [24].  182 

We also applied a fractional polynomial method to calculate non-linear MR 183 

estimates of BMI on subfertility odds. In this procedure, we first divided the population into 184 

100 strata of equal number of participants according to the residual BMI. We then 185 

calculated the linear MR estimate in each stratum (the association of the GRS with the 186 

outcome divided by the association of the GRS with the exposure). Finally, we performed 187 

a meta-regression of these estimates against the mean value of the reported BMI in each 188 

of the 100 strata using a fractional polynomial model as previously described [24, 25]. We 189 

also calculated a fractional polynomial test, which assessed if the model using fractional 190 

polynomials to model the relationship between genetically predicted BMI and subfertility 191 

fitted the causal effect estimates better than a model with a simple linear term.  192 

Three assumptions must be met in a valid MR study: the genetic instrument is 193 

robustly associated with the exposure, the genetic instrument is only linked to the outcome 194 

through the exposure of interest, and there is no confounding of the genetic instrument-195 

outcome associations [26]. The strength of the genetic instrument (the association 196 
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between the GRSs and BMI) was assessed in women and men separately using linear 197 

regressions, F-statistics, and R2 coefficients of determination. Regarding the second 198 

assumption, a common cause of violation is horizontal pleiotropy (i.e. genetic instrumental 199 

variables influence other risk factors for the outcome in addition to the exposure of 200 

interest) [14]. To check this bias, we assessed the associations between quartiles of the 201 

GRS and predefined risk factors for subfertility (age, educational levels, smoking, and 202 

number of previous pregnancies). Whenever we found indication of pleiotropic effects, we 203 

performed: 1) multivariable MR analyses if a valid genetic instrument could be calculated, 204 

i.e. if there were GWAS or meta-analyses of GWAS whose summary data were available 205 

[27]; or 2) stratified analyses. We identified summary GWAS data that enabled us to 206 

conduct multivariable MR analyses for educational level and smoking initiation and 207 

conducted stratified analyses according to age (below vs. over the median). For the 208 

multivariable MR accounting for educational level we used the results from the most recent 209 

GWAS of education, which included approximately 1.1 million individuals and reported 210 

1,271 independent SNPs [28]. We estimated the genetically predicted years of education 211 

using a GRS based on the 1,159 available SNPs in the MoBa genotype data. For the 212 

multivariable MR accounting for smoking, we used the summary results of the most recent 213 

GWAS, which included more than 1.2 million participants and reported 378 SNPs 214 

associated with smoking initiation [29]. In this case, we estimated the genetically 215 

determined risk of starting to smoke by a GRS based on the 355 available SNPs in the 216 

MoBa genotype data. In both multivariable MR analyses, we estimated the genetically 217 

predicted BMI values also including the GRS for education and the GRS for smoking 218 

initiation. Similarly, the genetically predicted number of educational years and likelihood of 219 

starting to smoke were estimated considering the GRS for BMI in addition to the GRS for 220 

the covariate of interest. Finally, we assessed the association between the genetically 221 

predicted BMI and subfertility as previously described using models further adjusted for the 222 
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genetically predicted education years and likelihood of starting to smoke. We further 223 

explored unbalanced horizontal pleiotropy by methods developed for use in two sample 224 

MR [30-32]. We first generated summary results of the association of each of the 896 225 

SNPs related to BMI with subfertility in a GWAS in the MoBa cohort (full details of these 226 

analyses are provided in the Supplemental Materials), and combined them with summary 227 

data of their association with BMI [20] to create a two sample MR framework. We 228 

performed the two sample MR by different methods, including random effects inverse 229 

variance weighted regression, MR-Egger, weighted median method, and MR weighted 230 

mode estimator. We checked the presence of horizontal pleiotropy by: estimating the MR-231 

Egger intercept (a deviation from zero would suggest horizontal pleiotropy); comparing the 232 

causal estimates obtained in the inverse variance weighted regression, the MR-Egger, and 233 

the weighted median methods (a divergence among them would also suggest horizontal 234 

pleiotropy); and generating a scatterplot as a visual check for potentially pleiotropic outliers 235 

in the variant-specific causal estimates [30-32]. We also estimated between SNP 236 

heterogeneity (by the Cochran’s Q and the Rücker’s Q’ statistics according to the inverse 237 

variance weighted regression and MR-Egger methods, respectively). Finally, regarding the 238 

third MR assumption (lack of confounding of the genetic instrument-outcome 239 

associations), all the one sample MR analyses were adjusted for 10 ancestry-informative 240 

principal components to account for population stratification [33]. 241 

As additional sensitivity analyses: 1) we restricted the analysis to parents reporting 242 

having planned their pregnancies (28,328 women –83.0%– and 26,252 men –83.4%–); 243 

and 2) we removed the conceptions by ART from the case group (716 and 680 in women 244 

and men, respectively –21% of the overall subfertile cases–).  245 

All analyses were performed in R Software version 4.0.3 (packages: 246 

compareGroups, estimatr, ggplot2, miceadds, and TwoSampleMR). Code for data 247 
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management and statistical analysis is available here: 248 

https://github.com/alvarohernaez/MR_BMI_subfertility_MoBa/blob/main/syntax.  249 

 250 

 251 

RESULTS 252 

 253 

Study population 254 

Our study population consisted of 34,157 women (30 years old on average, mean pre-255 

pregnancy BMI 23.1 kg/m2) and 31,496 men (33 years old on average, mean BMI pre-256 

pregnancy 25.4 kg/m2) with singleton pregnancies and information on both BMI and 257 

genotype (Fig 1). A total of 10% of the couples were subfertile. Women and men who 258 

were subfertile were older, had a lower educational level, were more likely to be 259 

current/former smokers, and more likely to be trying for a first pregnancy, and had on 260 

average greater BMI (Table 1). 261 

 262 

Fig 1. Study flow chart 263 

 264 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted June 25, 2021. ; https://doi.org/10.1101/2021.06.21.21259264doi: medRxiv preprint 

https://github.com/alvarohernaez/MR_BMI_subfertility_MoBa/blob/main/syntax
https://doi.org/10.1101/2021.06.21.21259264


14 
 

Table 1. Population characteristics 265 

 
Women Men 

All 
(n = 34,157) 

Subfertility 
reported 

(n = 3,492) 

No subfertility 
reported 

(n = 30,665) 

p-value All 
(n = 31,496) 

Subfertility 
reported 

(n = 3,243) 

No subfertility 
reported 

(n = 28,253) 

p-value 

Age at delivery, years 
(mean ± SD) 

30.1 ± 4.38 31.5 ± 4.40 29.9 ± 4.34 <0.001 32.6 ± 5.11 34.1 ± 5.37 32.4 ± 5.05 <0.001 

Education years 
(mean ± SD) 

17.4 ± 3.20 17.0 ± 3.33 17.4 ± 3.18 <0.001 16.4 ± 3.53 16.2 ± 3.54 16.5 ± 3.53 <0.001 

Tobacco use 
(n, %): 

 
 

 
<0.001 

 
 

 
0.021 

Never smokers 17884 (52.6%) 1758 (50.5%) 16126 (52.8%) 
 

22998 (73.3%) 2295 (71.0%) 20703 (73.5%) 
 

Former smokers 8962 (26.3%) 922 (26.5%) 8040 (26.3%) 
 

1059 (3.37%) 120 (3.71%) 939 (3.34%) 
 

Quitters before 12th (♀) 
or 18th week (♂) 

4393 (12.9%) 454 (13.1%) 3939 (12.9%) 
 

534 (1.70%) 61 (1.89%) 473 (1.68%) 
 

Current smokers 2784 (8.18%) 347 (9.97%) 2437 (7.98%) 
 

6794 (21.6%) 757 (23.4%) 6037 (21.4%) 
 

Previous pregnancies 
(n, %): 

 
 

 
<0.001 

 
 

 
<0.001 

0 15568 (45.6%) 2047 (58.7%) 13521(44.2%) 
 

14468 (46.0%) 1902 (58.7%) 12566 (44.5%) 
 

1 12649 (37.1%) 1062 (30.4%) 11587 (37.8%) 
 

11577 (36.8%) 974 (30.1%) 10603 (37.6%) 
 

2 4695 (13.8%) 293 (8.40%) 4402 (14.4%) 
 

4308 (13.7%) 279 (8.61%) 4029 (14.3%) 
 

≥3 1193 (3.50%) 86 (2.47%) 1107 (3.62%) 
 

1102 (3.50%) 84 (2.59%) 1018 (3.61%) 
 

BMI, kg/m2 (median, 
1st-3rd quartile) 

23.1 
(21.1-25.9) 

23.7 
(21.5-27.2) 

23.1 
(21.1-25.7) 

<0.001 25.4 
(23.7-27.7) 

25.8 
(23.9-28.1) 

25.4 
(23.6-27.7) 

<0.001 

BMI categories (n, %)    <0.001    <0.001 

<20 kg/m2 4231 (12.4%) 410 (11.7%) 3821 (12.5%)  395 (1.25%) 42 (1.30%) 353 (1.25%)  

20.0-24.9 kg/m2 19346 (56.6%) 1758 (50.3%) 17588 (57.4%)  13502 (42.9%) 1265 (39.0%) 12237 (43.3%)  

25.0-29.9 kg/m2 7481 (21.9%) 823 (23.6%) 6658 (21.7%)  14398 (45.7%) 1508 (46.5%) 12870 (45.6%)  

≥30.0 kg/m2 3099 (9.07%) 501 (14.3%) 2598 (8.47%)  3201 (10.2%) 428 (13.2%) 2773 (9.81%)  

SD: standard deviation 266 

 267 

Association between reported BMI and subfertility: multivariable logistic regressions 268 

In the standard multivariable linear association, each 1 kg/m2 increase in BMI was linked to 269 

4% greater odds of subfertility in women (odds ratio –OR– 1.04, 95% confidence interval –270 

CI– 1.04 to 1.05, p < 0.001) and men (OR 1.04, 95% CI 1.03 to 1.05, p < 0.001). However, 271 

a non-linear model based on restricted cubic splines fitted the data better than a linear 272 

term in both sexes (likelihood ratio tests: pwomen < 0.001, pmen = 0.035; Fig 2A and 2B). 273 

These relationships were J-shaped, with a positive association from BMI values of 22 274 

kg/m2 onwards in both sexes. A 1 kg/m2 increase in BMI was linked to 4% greater odds of 275 
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subfertility in women with a BMI between 20.0 and 24.9 kg/m2 (OR 1.04, 95% CI 1.00 to 276 

1.08, p = 0.031), 10% increased odds in overweight women (OR 1.10, 95% CI 1.04 to 277 

1.16, p < 0.001), and 4% greater odds in obese women (OR 1.04, 95% CI 1.01 to 1.07, p = 278 

0.005). On the contrary, a 1 kg/m2 increment in BMI was associated with 14% lower odds 279 

of subfertility in women with BMI <20.0 kg/m2 (OR 0.86, 95% CI 0.75 to 0.98, p = 0.027) 280 

(Fig. 2A). In men, a 1 kg/m2 increase in BMI was linked to 5% greater odds of subfertility in 281 

participants with a BMI between 20.0 and 24.9 kg/m2 (OR 1.05, 95% CI 1.00 to 1.10, p = 282 

0.068), 6% increased odds in overweight men (OR 1.06, 95% CI 1.02 to 1.10, p = 0.007), 283 

and 8% greater odds in obese men (OR 1.08, 95% CI 1.03 to 1.12, p < 0.001), and there 284 

was no evidence of an association in those with BMI values <20.0 kg/m2 (OR 0.80, 95% CI 285 

0.51 to 1.25, p = 0.322) (Fig. 2B). 286 

 287 

 288 

Fig 2. Association between reported body mass index and subfertility in women (A) 289 

and men (B). Non-linear logistic regression analyses (smoothed cubic splines) adjusted 290 

for age, education level, smoking, and number of previous pregnancies. A BMI of 25 kg/m2 291 

was set as reference (black dot). Gray lines represent 95% confidence intervals 292 
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MR analyses on BMI and subfertility in women 293 

Each one unit increase in the GRS was linked to a BMI increase of 0.044 kg/m2 (95% CI 294 

0.041 to 0.046, p < 0.001, 5.63% of BMI variation explained, F-statistic = 1,388). There 295 

was evidence of a J-shaped relationship between the genetically predicted BMI and 296 

subfertility in women (fractional polynomial test p-value for non-linearity = 0.033), which 297 

was positive for BMI values ≥ 23.3 kg/m2 (Fig. 3). A 1 kg/m2 increase in genetically 298 

predicted BMI was linked to 15% greater odds of subfertility in obese women (OR 1.15, 299 

95% CI 1.04 to 1.28, p = 0.010), 14% lower odds in women with BMI <20.0 kg/m2 (OR 300 

0.86, 95% CI 0.75 to 0.97, p = 0.015), and unrelated to subfertility in those with BMI values 301 

between 20.0 and 24.9 kg/m2 (OR 0.99, 95% CI 0.94 to 1.04, p = 0.645) and in overweight 302 

women (OR 1.03, 95% CI 0.96 to 1.11, p = 0.397). 303 

 304 

Fig 3. Mendelian randomization analysis of body mass index and subfertility in 305 

women. A BMI of 25 kg/m2 was set as reference (black dot). Gray lines represent 95% 306 

confidence intervals. 307 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted June 25, 2021. ; https://doi.org/10.1101/2021.06.21.21259264doi: medRxiv preprint 

https://doi.org/10.1101/2021.06.21.21259264


17 
 

MR analyses on BMI and subfertility in men 308 

Each one unit increase in the GRS was linked to a BMI increase of 0.033 kg/m2 in men 309 

(95% CI 0.031 to 0.035, p < 0.001, 5.01% of BMI variation explained, F-statistic = 1,202). 310 

We observed a non-linear, J-shaped association between genetically predicted BMI and 311 

subfertility in men (p-value for non-linearity = 0.018), which was positive for BMI values ≥ 312 

25.2 kg/m2 (Fig. 3). A 1 kg/m2 increment in genetically predicted BMI was linked to 23% 313 

greater odds of subfertility in obese men (OR 1.23, 95% CI 1.06 to 1.43, p = 0.006), 314 

marginally related to 36% lower odds in men with BMI <20.0 kg/m2 (OR 0.64, 95% CI 0.38 315 

to 1.07, p = 0.090; only 1.25% of all men belonged to this category), and unrelated to 316 

subfertility in men with BMI values between 20.0 and 24.9 kg/m2 (OR 0.96, 95% CI 0.88 to 317 

1.04, p = 0.341) and in overweight participants (OR 1.01, 95% CI 0.93 to 1.09, p = 0.894).  318 

 319 

Fig 4. Mendelian randomization analysis of body mass index and subfertility in men. 320 

A BMI of 25 kg/m2 was set as reference (black dot). Gray lines represent 95% confidence 321 

intervals. 322 
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Verification of MR assumptions 323 

Regarding horizontal pleiotropy, we observed an inverse relationship of GRS for BMI with 324 

education and age, and there was a lower proportion of never smokers in participants with 325 

high GRS values in both women (S1 Table) and men (S2 Table). In both sexes, we 326 

observed similar J-shaped associations between BMI and subfertility in the multivariable 327 

MR accounting for education and smoking to those observed in the main analyses (Table 328 

2; S1 and S2 Figs). In relation to age, we stratified our analyses in participants below and 329 

over the median age (30 years in women, 32 years in men). Genetically predetermined 330 

BMI had a similar non-linear, J-shaped associations with subfertility in both age groups as 331 

seen in the main analyses (Table 2, S3 Fig).  332 

Further sensitivity analyses using a two sample MR framework indicated no 333 

evidence of a linear relationship between BMI and subfertility, no horizontal pleiotropy 334 

according to different methods with various assumptions, and no SNP heterogeneity (S3 335 

Table, S4 Fig). 336 

 337 

Table 2. Multivariable and age-stratified MR analyses  338 

 MR: main 
analyses 

MR + education 
years 

(multivariable) 

MR + smoking 
initiation 

(multivariable) 

MR: age of 
delivery 

< median 

MR: age of 
delivery 

> median 

Women 

Linear MR 

OR for ∆1 kg/m2  

(whole population) 
1.02 

(0.99 to 1.06) 
1.02 

(0.98 to 1.06) 
1.02 

(0.98 to 1.06) 
1.01 

(0.95 to 1.06) 
1.04 

(0.99 to 1.09) 

Non-linear MR 

Fractional 
polynomial test 
(p-value for  
non-linearity) 

0.033 0.029 0.047 0.067 0.030 

OR for ∆1 kg/m2  

(stratified analyses): 
     

< 20.0 kg/m2 0.86 
(0.75 to 0.97) 

0.84 
(0.73 to 0.97) 

0.85 
(0.74 to 0.97) 

0.81 
(0.68 to 0.97) 

0.87 
(0.72 to 1.04) 

20.0-24.9 kg/m2 0.99 
(0.94 to 1.04) 

0.99 
(0.94 to 1.04) 

0.98 
(0.93 to 1.03) 

0.97 
(0.90 to 1.05) 

1.00 
(0.94 to 1.07) 
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25.0-29.9 kg/m2 

 
1.03 

(0.96 to 1.11) 
1.03 

(0.96 to 1.12) 
1.04 

(0.96 to 1.13) 
1.07 

(0.95 to 1.20) 
1.03 

(0.93 to 1.13) 

≥ 30.0 kg/m2 1.15 
(1.04 to 1.28) 

1.15 
(1.03 to 1.29) 

1.16 
(1.04 to 1.30) 

1.08 
(0.94 to 1.25) 

1.24 
(1.06 to 1.46) 

BMI with lowest 
subfertility odds 

23.3 kg/m2 23.1 kg/m2 23.6 kg/m2 24.7 kg/m2 22.1 kg/m2 

Men 

Linear MR 

OR for ∆1 kg/m2  

(whole population) 
1.01 

(0.96 to 1.07) 
1.00 

(0.95 to 1.06) 
1.02 

(0.98 to 1.09) 
1.06 

(0.97 to 1.15) 
1.00 

(0.93 to 1.07) 

Non-linear MR 

Fractional 
polynomial test 
(p-value for  
non-linearity) 

0.018 0.037 0.011 0.018 0.048 

OR for ∆1 kg/m2  

(stratified analyses): 
     

< 20.0 kg/m2 0.64 
(0.38 to 1.07) 

0.73 
(0.41 to 1.28) 

0.72 
(0.39 to 1.35) 

0.78 
(0.39 to 1.55) 

0.73 
(0.28 to 1.91) 

20.0-24.9 kg/m2 0.96 
(0.88 to 1.04) 

0.95 
(0.87 to 1.04) 

0.96 
(0.88 to 1.06) 

0.98 
(0.86 to 1.11) 

0.94 
(0.84 to 1.05) 

25.0-29.9 kg/m2 

 
1.01 

(0.93 to 1.09) 
1.00 

(0.92 to 1.09) 
1.02 

(0.93 to 1.11) 
1.05 

(0.92 to 1.19) 
1.00 

(0.91 to 1.10) 

≥ 30.0 kg/m2 1.23 
(1.06 to 1.43) 

1.24 
(1.05 to 1.45) 

1.25 
(1.05 to 1.48) 

1.32 
(1.06 to 1.64) 

1.19 
(0.97 to 1.45) 

BMI with lowest 
subfertility odds 

25.2 kg/m2 26.7 kg/m2 24.5 kg/m2 24.7 kg/m2 25.5 kg/m2 

 MR: Mendelian randomization; OR: odds ratio 339 

 340 

Other sensitivity analyses 341 

Genetically predetermined BMI presented similar non-linear, J-shaped associations with 342 

subfertility in both women and men also when restricting the analysis to those with planned 343 

pregnancies (S4 Table, S5 Fig) and after excluding ART users (S5 Table, S6 Fig). 344 

 345 

 346 

DISCUSSION 347 

 348 

Our findings from multivariable and MR analyses indicate that BMI has a J-shaped 349 

association with subfertility in both men and women. Both participants with BMI values 350 
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<20.0 kg/m2 and obese individuals had an increased risk of subfertility. The consistency of 351 

the results between multivariable regression and MR, and across several sensitivity 352 

analyses, increases confidence in these findings being causal.  353 

A positive association between BMI and subfertility has been reported in 354 

observational studies among both women [3, 5, 8] and men [7, 8], with a particularly high 355 

risk of subfertility among obese individuals [4]. We confirm this association in our data, as 356 

higher BMI was associated with greater odds of subfertility from 22 kg/m2 in the standard 357 

multivariable regression models and from 23-25 kg/m2 in the MR analyses. These 358 

associations appeared unaffected by horizontal pleiotropy. Our findings are also supported 359 

by randomized controlled trials reporting an increase in overall pregnancies and natural 360 

conceptions among overweight/obese women after losing weight [9]. 361 

Several biological mechanisms can explain a potential association between high 362 

BMI and subfertility. Obesity is linked to biochemical disruptions (insulin resistance, 363 

adipocyte hyperactivation, greater levels of non-esterified fatty acids in plasma, increased 364 

hepatic triglyceride synthesis) [34]. These are in turn linked to impaired endocrine 365 

responses in women (lower synthesis of estrogens and luteinizing hormone, a greater 366 

production of androgens, and a decay in sex hormone binding globulins) and men 367 

(decreased testosterone levels, increased estrogen production in adipose tissue, defective 368 

hypothalamic pituitary gonadal regulation, decreased concentrations of sex hormone 369 

binding globulins) [34]. These endocrine alterations and other conditions linked to high BMI 370 

values, such as low-grade inflammation in reproductive tissues and some sex-dependent 371 

alterations (menstrual abnormalities, increased testicular heat, greater risk of erectile 372 

dysfunction), may finally compromise fecundity [2, 34-36]. 373 

 The J-shaped association between BMI and subfertility also support that 374 

participants with low BMI may have a greater risk of subfertility. A decrease in BMI was 375 

linked to greater subfertility in women with a BMI <20 kg/m2, and we observed a similar 376 
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tendency among men. Our results agree with previous observational studies reporting 377 

decreased fertility in underweight women who have undergone ART [6]. Low BMI values 378 

could be linked to subfertility because they are intimately related to undernutrition, which is 379 

associated with an impaired function of the reproductive system [37], defective 380 

concentrations of adipocyte-related regulators of endocrine processes such as leptin [38], 381 

and increased risk or pregnancy complications [39].  382 

 Our work presents some limitations. First, subfertility is a couple-dependent 383 

measure, and was reported by mothers in the cohort (if a woman was classified as 384 

subfertile, this condition was extrapolated to her partner). Thus, we are unable to 385 

determine whether subfertility was driven by the woman, man, or both. In addition, there is 386 

previous evidence of assortative mating on BMI [12], which could also confound the 387 

association between BMI and subfertility. Second, MoBa is a pregnancy cohort, and only 388 

includes couples who eventually conceived. Additional studies which are also able to 389 

include couples who never conceived are warranted. Third, the BMI GRS was associated 390 

with some predefined risk factors of subfertility, indicating that some horizontal pleiotropy 391 

may be present. However, multivariable MR and stratified analyses confirmed a robust 392 

association between BMI and subfertility, and additional sensitivity analyses found no 393 

evidence of horizontal pleiotropy in our data. Fourth, most of the associations with 394 

subfertility were found in the participants with extreme BMI values (of all women, 9.1% 395 

were obese and 12.4% had BMI values below 20.0 kg/m2; of all men, 10.2% were obese 396 

and only 1.25% had BMI values below 20.0 kg/m2) and therefore should be interpreted 397 

with caution. Finally, our study sample (couples who eventually conceived and were of a 398 

northern European ancestry) limits the generalizability of our conclusions to other 399 

populations. Nevertheless, our work also has several strengths. To our knowledge, studies 400 

exploring non-linear associations between BMI and subfertility using multivariable 401 

regressions and an MR approach have been lacking. Both present different sources of 402 
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bias (multivariable regression could be biased by residual confounding, whilst MR could be 403 

biased by unbalanced horizontal pleiotropy), but the consistency in the findings according 404 

to both approaches increases confidence that these findings may be causal [14, 24]. This 405 

was facilitated by having large numbers of well-characterized participants with genome-406 

wide and subfertility data coming from a relatively homogeneous population with northern 407 

European ancestry. This last aspect minimized the risk of confounding due to population 408 

stratification in our MR analyses, as well as the further adjustment for 10 ancestry-409 

informative principal components [33]. Finally, our genetic instrument is robust [40, 41] and 410 

has been successfully used in several other MR studies [25, 42, 43]. 411 

 412 

 413 

CONCLUSIONS 414 

 415 

 We observed a J-shaped relationship between BMI and subfertility in both sexes, 416 

when using both a standard multivariable regression and Mendelian randomization 417 

analysis. Taken together, our results support a causal role of BMI on subfertility. Current 418 

advice and support for overweight and obese subfertile couples to lose weight should 419 

continue. Clinicians should also consider appropriate advice to those with low BMI on how 420 

to increase their weight in a healthy way to promote fertility.   421 
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SUPPORTING INFORMATION 509 

 510 

S1 Checklist. STROBE-MR checklist for Mendelian randomization studies. 511 

S2 Checklist. STROBE checklist for cohort studies. 512 

 513 

S1 Fig. Association between body mass index and subfertility: multivariable non-514 

linear Mendelian randomization considering the genetically determined number of 515 

education years in women (A) and men (B). A BMI of 25 kg/m2 was set as reference 516 

(black dot). Gray lines represent 95% confidence intervals. 517 

S2 Fig. Association between body mass index and subfertility: multivariable non-518 

linear Mendelian randomization considering the genetic predisposition to having 519 

ever smoked in women (A) and men (B). A BMI of 25 kg/m2 was set as reference (black 520 

dot). Gray lines represent 95% confidence intervals. 521 

S3 Fig. Mendelian randomization analyses of body mass index and subfertility 522 

stratified by age. Results in mothers below the median age (30 years, A) and over the 523 

median age (B), and of fathers below the median age (32 years, C) and over the median 524 

age (D) are presented. A BMI of 25 kg/m2 was set as reference (black dot). Gray lines 525 

represent 95% confidence intervals. 526 

S4 Fig. Scatterplot with the two sample Mendelian randomization analyses of body 527 

mass index and subfertility in women (A) and men (B). The figure also presents the 528 

MR estimates according to the inverse variance weighted regression, MR-Egger, weighted 529 

median method, and MR weighted mode estimator. 530 

S5 Fig. Mendelian randomization analyses of body mass index and subfertility in 531 

planned pregnancies in women (A) and men (B). A BMI of 25 kg/m2 was set as 532 

reference (black dot). Gray lines represent 95% confidence intervals. 533 

S6 Fig. Mendelian randomization analyses of body mass index and subfertility 534 

excluding assisted reproductive technology pregnancies in women (A) and men (B). 535 

A BMI of 25 kg/m2 was set as reference (black dot). Gray lines represent 95% confidence 536 

intervals. 537 

 538 

S1 Table. A priori subfertility risk factors tabulated against BMI genetic risk score 539 

quartiles in women. 540 

S2 Table. A priori subfertility risk factors tabulated against BMI genetic risk score 541 

quartiles in men. 542 

S3 Table. Two sample Mendelian randomization analyses of body mass index and 543 

subfertility, with indicators of horizontal pleiotropy and SNP heterogeneity. 544 

S4 Table. Mendelian randomization analyses in planned pregnancies and after 545 

excluding assisted reproductive technology pregnancies.  546 
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