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Introduction 
 
Advanced maternal age and high body mass in-
dex (BMI) were recognized as adverse prognostic 
factors of assisted reproductive technology 
(ART) cycle (1). These factors are related to vari-
ous disorders of the female reproductive system, 

so it is more complicated to distinguish between 
causal effects of age and BMI on oocyte out-
comes. 
Women, ages 20–24 yr old have the best ability 
to get pregnant; after age 30, a progressive de-

Abstract 
Background: Body Mass Index (BMI) and maternal age are related to various disorders of the female reproductive 
system. This study aimed to estimate the causal effects of BMI and maternal age on the rate of metaphase II oocytes 
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cline in this ability occurs with age (2, 3). Both 
the gradual depletion of oocytes and the reduc-
tion in oocyte quality, at least after the age of 31, 
are important reasons for decreased fertility ca-
pacity (4-6). Female age is the single most im-
portant prognostic factor for predicting the out-
come of ART cycles (7, 8). 
Obese women are three times more likely to de-
velop infertility compared with women with a 
normal BMI (9). Impaired fertility is occurring 
both in natural and ART cycles in obese women 
(10, 11). Furthermore, several studies showed 
that there was a higher risk of infertility in un-
derweight women (10, 12, 13).  
Variations in cycle variables with BMI and age 
indicated that ART cycles were inversely influ-
enced by increases in both BMI and age (14). In 
other words, various clinical and demographical 
risk factors such as polycystic ovary syndrome 
(PCOS) and primary ovarian insufficiency corre-
late with BMI and age (1, 12, 14) and affect both 
the number and quality of oocytes. Therefore, 
estimating the relatively real contributing effects 
of BMI and age on oocyte maturation is more 

complicated. 
The associations of age and BMI with oocyte 
maturation in ART cycles were evaluated by 
many studies. However, to our knowledge, no 
study estimated the causal effect of age and BMI 
on oocyte outcome. In this study, not only ad-
justed effects of BMI and maternal age were re-
ported, compared with results of previous studies 
but also causal effects were estimated using a new 
statistical advanced method that can adjust ef-
fects of all-important confounders. 
 

Materials and Methods 
 
This investigation was a historical cohort study 
and data were collected from women who un-
derwent ARTs in Tehran, Iran from 2015 to 
2018. Women were included in the study if they 
received ART and completely recorded the in-
formation of maternal age, BMI, and other im-
portant confounders that were reported in Table 

1. Exclusion criteria were gestational surrogacy 
and donor oocyte. BMI is calculated by dividing 
weight in kilograms by height in meters squared. 
Unlike most previous studies, BMI and maternal 
age were evaluated as quantitative variables to 
save the values of their information. However, 
the medical information of 536 cycles of 398 
women was collected, the oocyte outcome in the 
last cycle was used to avoid consideration of non-
independent and several cycles in the same wom-
en. Therefore, this retrospective study was con-
ducted on 398 women. The women underwent 
controlled ovarian stimulation and received 
recombinant FSH. Follicle growing was 
monitored by vaginal ultrasonography. The total 
number of oocytes and maturity of them were 
evaluated by expert embryologists and also 
metaphase II oocytes were considered mature. 
With at least three or more follicles of 17 mm 
size, triggering was performed.  
The design of the study was approved by the eth-
ics review committee of Tehran University of 
Medical Science (Ethical No: 
IR.TUMS.SPH.REC.1396.2421). 
 
Statistical analysis 
Data were analyzed using three different statisti-
cal tools. First, we used correlation analysis 
(Spearman or Pearson coefficients) to evaluate 
primarily the relations between maternal age and 
BMI with oocyte outcomes. Next, the Poisson 
regression was performed for comparability of 
our results with the results of other studies. This 
method can estimate the crude or adjusted effects 
of factors on number of MII oocytes. Finally, we 
used new proposed statistical method based on 
Bayesian least absolute shrinkage and selection 
operator (LASSO) and model averaging that can 
find important confounders and adjust their con-
founding effects automatically. The main object 
of various observational studies were estimating 
the effect of a specific exposure on an outcome 
while the effects of large number of observed 
covariates or confounders were controlled (15).  
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Table 1: The clinical, biochemical, and demographical characteristics of women with infertility 

 

Factors The patients )n=398( 
Baseline characteristics  
 BMI, mean±SD  26.18±3.94 

Age, mean±SD 31.67±5.39 
Infertility history  
 secondary infertility, n (%) 36 (9.0) 

Infertility Reason, n (%)  
 Female 108 (27.2) 

Male 136 (34.3) 
Both 76 (19.1) 
unexplained 77 (19.4) 

Polycystic Ovary Syndrome, n (%) 71 (17.8) 

Primary Ovarian Insufficiency, n (%) 3 (0.8) 

Hypothalamic Amenorrhea, n (%) 5 (1.3) 
Poor ovarian response  27 (6.8) 
Mullerian anomaly, n (%) 4 (1.0) 

Myomatous uterus, n (%)  2 (0.5) 

Endometriosis, n (%) 14 (3.5) 
Adenomyosis, n (%) 2 (0.5) 
OHSS in the previous cycle, n (%) 108 (27.1) 

Duration of Infertility, median (IQR) 6.50 (3.00,10.25) 
Number of previous ART cycles, median (IQR) 1.00 (1.00,2.00) 

Total consumption of gonadotropin (IU), median (IQR) 3350 (1950,5300) 
Underlie diseases  
 Diabetes, n (%) 2 (0.5) 

Thyroid diseases, n (%) 60 (15.1) 
Hypertension, n (%) 4 (1.0) 

Cardiac disease, n (%) 2 (0.5) 

Hematologic disorders, n (%)  6 (1.5) 

Renal disease, n (%) 2 (0.5) 
Lab results  
 AMH, median (IQR) 2.20 (0.90,4.00) 

FSH, median (IQR) 6.20 (4.82,9.12) 
LH, median (IQR) 5.45 (3.16,7.10) 
PRL, median (IQR) 29.75 (17.75,308.30) 

Day 3 estradiol, median (IQR)  52.60 (31.9,88.90) 

Abbreviation: SD: standard deviation, IQR: interquartile range, AMH: anti-müllerian hormone, FSH: follicle-
stimulating hormone, LH: luteinizing hormone, PRL: prolactin 

 
In such cases, selecting important confounders is 
an important key to void the bias estimation of 
effect of exposure. LASSO is an advanced statis-
tical modeling method that performs variable se-
lection in the data sets with large number of con-
founders (16). The Bayesian form of LASSO was 
developed (17). Handling the uncertainty in the 
model selection procedure using model averaging 

is one of most important advantages of Bayesian 
LASSO that helps to estimate the causal effect of 
exposure (18). 
We used a new method based on Bayesian LAS-
SO and model average to capture important con-
founders using a specific prior distribution. The 
method is based on two models, which connect-
ed and estimate spontaneously the coefficients of 
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covariates over the iterations of unique Monte 
Carlo Markov Chain (MCMC). The prior links 
the two models of exposure and outcome in each 
MCMC iteration. Therefore, this prior distribu-
tion gives a higher weight to the covariates that 
relate to both exposure and outcome and forced 
them to include in the outcome model in the 
each iteration.  
Some other classical methods can estimate the 
causal effect of an exposure using a two separat-
ed step approach (19, 20) but this approach has 
some disadvantages (21). To fix the disad-
vantages of the methods based on this two-step 
approach, we proposed our method that can use 
with small number of samples, large number of 
confounders, and handles the uncertainty of both 
parameter and model selection procedure. The 
Bayesian inferences are performed using MCMC 
chains run for 40,000 iterations and the first 2000 
iterations discarded as burn-in for posterior in-
ference. In the present study, a value of P less 
than 0.05 was accepted as a statistical significance 
and a value more than 0.05 and less than 0.10 
was set as a borderline significance. The data 
were analyzed using R software (ver. 3.4.1) (22).  
 

Results 

 
Overall, 398 women were evaluated. The total 
mean BMI and maternal age were 26.12 kg/m2 
(95% CI: [25.71, 26.53]) and 31.67 yr (95% CI: 
[31.13, 32.2]), respectively. The clinical, 
biochemical, and demographical characteristics of 
women are reported in Table 1. Overall, 398 
women, 108 (27.2%) of which were from patients 
with female infertility factor, 136 (34.3%), 76 
(19.1%), and 77 (19.4%) were male factor, both 
female and male, and unexplained, respectively. 
The prevalence of PCOS was 27.2% (95% CI: 
[22.1, 32.8]), and thyroid disorder was the most 
common underlying disease in women who 
underwent assisted reproductive technology 
treatment (prevalence= 15.08% [11.82, 18.84]). 
Generally, about 39.2% of women did not have 
any previous ART cycles, 24.4%, 18.6%, and 
18.8% had one, two, and more than two cycles, 
respectively. The medians of retrieved oocytes 
and number of MII were both equal to 7 (IQR 
for the total oocytes: [4, 7] and for the number of 
MII: [3, 10]). 
Correlation analysis was showed that the number 
of MII had significant negative correlations with 
both age and BMI (Fig. 1). 

 
 

Fig. 1: Correlation analysis of age (A) and BMI (B) with the number of MII. The size of bullets are showed the total 
number of retrieved oocytes 
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According to the aim of this study, BMI and age 
as primary exposers had inverse relationships 
with the number of MII based on univariate 
analysis (IRR of BMI =0.98, 95%CI: [0.97, 0.99], 
P< 0.001; IRR of Age=0.97, 95% CI: [0.96, 0.98], 
P<0.001), but after adjusting the effects of other 
variables, there was just a significant association 

between age and the number of MII (aIRR of 
age=0.989, 95% CI: [0.979, 0.998], P=0.02). 
Based on multivariate analysis of Poisson regres-
sion, the expected numbers of MII in women 
with female infertility factor, unexplained, and 
both male and female infertility were 0.79 and 
0.84, and 0.8 times less than women with male 
factor infertility, respectively (Table 2). 

 
Table 2: Univariate and multivariate analysis of several factors on number of MII to estimate their effects 

 

Factors   Univariate Analysis  Multivariate Analysis 

  IRR (95% CI) P value  aIRR (95% CI) P value 

BMI   0.98(0.97,0.99) <0.001  0.99(0.98,1.001) 0.066 

Age   0.97(0.96,0.98) <0.001  0.99(0.98,0.99) 0.020 

Infertility Reason       

 Male*   1 -  1 - 

 Female   0.7 (0.63,0.77) <0.001  0.73 (0.63,0.85) 0.002 

 Both   0.81 (0.73,0.9) <0.001  0.80 (0.68,0.94) 0.007 

 unexplained   0.81 (0.73,0.89) <0.001  0.81 (0.72,0.91) 0.007 

Secondary infertility*   1.21 (1.06,1.40) 0.005  1.09 (0.93, 1.29) 0.270 

Polycystic Ovary Syndrome    1.19 (1.08,1.30) <0.001  1.16 (0.99,1.36) 0.067 

Hypothalamic Amenorrhea    0.71 (0.47,1.02) 0.085  0.76 (0.49,1.17) 0.214 

Poor ovarian response    0.43 (0.34,0.52) <0.001  0.71 (0.55,0.92) 0.011 

Thyroid diseases   1.08 (0.98,1.19) 0.114  0.88 (0.79,1.003) 0.055 

Hematologic disorders   0.85 (0.60,1.15) 0.310  1.14 (0.79,1.64) 0.486 

OHSS in the previous cycle    1.91 (1.78,2.06) <0.001  1.90 (1.72,2.10) <0.001 

Total consumption of gonadotropin  1.52 (1.41,1.63) <0.001  1.53 (1.42,1.65) <0.001 

Duration of Infertility   0.99 (0.99,1) 0.174  1.01 (1.001,1.02) 0.024 

Number of previous cycles   1.03 (1.01,1.05) 0.005  1.04 (1.01,1.07) 0.004 

AMH  1.06 (1.04,1.07) <0.001  - - 

FSH   0.97(0.96,0.98) <0.001  0.99 (0.96,0.999) 0.033 

LH   1(0.99,1.00) 0.060  1.01 (1.002,1.03) 0.019 

PRL   1.00(1,1.00) 0.378  1.00 (1,1.00) 0.934 

Day 3 estradiol   1(0.99,1.00) 0.005  - - 

Abbreviation: CI: confidence interval, AMH: anti-müllerian hormone, FSH: follicle-stimulating hormone, LH: lutein-
izing hormone, PRL: prolactin, IRR: incidence rate ratio, aIRR: adjusted incidence rate ratio. 
*Male factor and Primary type of infertility were reference levels in their own categories. 

 
The expected number of MII sharply increased 
by PCOS in the crude analysis (IRR=1.49, 95% 
CI: [1.36, 1.64], P<0.001), but it was borderline in 

the multivariate analysis where the effect of other 
confounders was adjusted (aIRR=1.16, 95% CI: 
[0.99, 1.36], P=0.067). Poor ovarian response 
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significantly decreased the incidence risk ratio of 
MII oocytes by a factor of 0.71 (95% CI: [0. 55, 
0.93], P=0.011). 
The expected number of MII in the women who 
had ovarian hyper-stimulation syndrome (OHSS) 
in the last previous cycle had an incidence risk 
ratio of 1.9 (95% CI: [1.72, 2.10], P<0.001). 
Unexpectedly, an increase in the duration of in-
fertility and the number of previous cycles had a 
weak positive association with the number of 
MII using multivariate analysis (aIRR of duration 
of infertility=1.01, 95% CI: [1.002, 1.02], 
P=0.024; aIRR of the number of previous cy-
cles=1.04, 95% CI: [1.01, 1.07], P=0.004). Addi-
tionally, the effects of some important hormones, 
including anti-Müllerian hormone (AMH), folli-
cle-stimulating hormone, luteinizing hormone, 
prolactin (PRL), and estradiol on day three are 
reported in Table 2. 

In the current study, the causal effects of age and 
BMI were estimated using the newly presented 
method. The overall effects of age and BMI of all 
patients were significantly and inversely associat-
ed with the number of MII (both P<0.001) (Ta-
ble 3). The expected number of MII decreased by 
0.99 for an increase of 1 year (95% CI: [-1.00,-
0.97]) and decreased by 0.99 for each 1-unit in-
crease in BMI (95% CI: [-1.01,-0.98]). The poste-
rior distributions and their 95% Bayesian credible 
intervals of age and BMI coefficients are shown 
in Fig. 2. Evaluating the causal effect of age and 
BMI among women with male factor infertility 
showed that, in line with results of all women, 
increasing maternal age and BMI had significant 
negative effects on the expected number of MII 
in women with a normal female reproductive sys-
tem (Table 3). 

 

 
 

Fig. 2: The posterior distributions of coefficients of age (A) and BMI (B). The vertical dashed lines show 
the mean of distributions and the blue regions refer to 95% Bayesian credible intervals 

 
Table 3: The causal effects of Age and BMI on number of MII oocytes 

Factor  All women  Women with male factor infertility 
 Coefficient (95% CI) P value  Coefficient (95% CI) P value 

Age (years)  - 0.99(-1.00,-0.97) <0.001  - 0.99(-1.07, -0.92) <0.001 
BMI (kg/m2)  - 0.99(-1.01,-0.98) <0.001  - 1.05(-1.16, -0.96) <0.001 
CI: Bayesian credible interval. 

  

Discussion 
 
The current study tried to evaluate whether the 
rate of MII oocytes was affected by maternal age 
and BMI. The structure of the result was de-

signed hierarchically in three steps. At the first 
step, as a primary view, correlations of age and 
BMI with the rate of MII oocytes were reported 
(Fig. 1). After that, the crude and adjusted effects 
of these two risk factors on the number of MII 
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oocytes were estimated using Poisson regression 
are summarized in Table 2. Finally, at the last 
step, the causal effects of age and BMI were es-
timated by the new proposed statistical method 
and presented in Table 3. 
The correlation analysis of age and BMI with the 
number of MII showed that there were signifi-
cant correlations between these two factors and 
the number of MII. Results of the correlation 
analysis provide a primary view to suggest possi-
ble effects of age and BMI on oocyte outcome 
and are not valid to estimate adjusted or causal 
effects because of several existing important con-
founders. 
According to the results of the second step of the 
analysis, increasing maternal age and BMI had 
significant offensive effects on the number of 
MII in univariate models. However, after adjust-
ing the effects of other confounders, there was 
just a significant association between age and the 
number of MII. Therefore, the adjusted effect of 
BMI was not statistically significant based on 
multivariate analysis. 
Until now, to our knowledge, there are no prior 
studies about the causal effects of maternal age 
and BMI on oocyte outcome in assisted repro-
ductive technology and some have only used 
some classical statistical methods. There was an 
interaction between maternal age and BMI on 
mature oocytes. Therefore, fertility was altered by 
BMI in relation to maternal age. Some studies 
were contradictory and reported a decline in the 
number of retrieved oocytes because of an in-
crease in BMI (23-25). Women with a BMI great-
er than 24 kg/m2 were related to a significant rise 
in the number of follicles observed on ultrasound 
(26). A recently published study has some aspects 
that are similar to our study. As the BMI of pa-
tients increased, the number of oocytes retrieved 
significantly decreased. In agreement with this 
result, the current study found that there was an 
inverse association between the number of col-
lected oocytes and BMI. However, Kudesia’s 
study had a very large sample size; no advanced 
statistical causal method was applied to estimate 
the causal effect of BMI on in vitro fertilization 
(IVF) outcomes. In contrast, our study used a 

new statistical causal model to estimate causal 
effects of maternal age and BMI on oocytes re-
sponse. Based on these results, we found that 
generally, the expected of MII decreased by 0.99 
for an increase of 1 year and decreased by 0.99 
for each 1-unit increase in BMI. 
Fertility was reduced by both rising BMI and ma-
ternal age in the normal population (27). In the 
current study, evaluating the causal effect of age 
and BMI among women with male factor infertil-
ity can be valuable because of their normal sexual 
system. In agreement with previous studies, there 
were invasive effects of both age and BMI in 
women with normal reproductive systems. 
The strength of this study included the new sta-
tistical method developed by the authors and ap-
plied to the data set. Unlike previous studies, 
BMI and age were evaluated as quantitative vari-
ables to save the values of their information so 
the interpretation of results may be a bit more 
complex. However, we tried to collect all-
important confounders; the current study is lim-
ited by its retrospective design. 
 

Conclusion 
 
Maternal age and BMI have significant adverse 
casual effects on the number of MII in patients 
undergoing ART when the effects of important 
confounders were controlled. Increasing maternal 
age and BMI have the same inverse effects on 
fertility in women with a normal reproductive 
system (woman with male factor). 
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