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Abstract

Background: This study aims to analyze the effect of the body mass index (BMI) on E,, P and LH values in females
who received intrauterine insemination (IUl) treatment on human chorionic gonadotropin (HCG) day.

Methods: A total of 2319 cycles of [Ul-assisted pregnancy treatment were selected in our hospital. Based on the
BMI, female infertility patients are divided into three groups: normal weight group, overweight and obese group.

Results: For patients with natural cycles and < 35 years old, there were 440, 178 and 197 cases in the three groups,
respectively. For patients with natural cycles and > 35 years old, there were 90, 83 and 81 cycles in the three groups,
respectively. For patients with induced ovulation cycle and < 35 years old, there were 425, 203 and 516 cases in the
three groups, respectively. For patients with induced ovulation cycle and > 35 years old, there were 26, 26 and 54

cases in the three groups, respectively.

Conclusion: When a patient is <35 years old, the BMI affects the E,, LH and P values on the day of artificial
insemination. However, the BMI is negatively correlated with E,, LH and P in Ul on HCG day. After controlling for
age and assisted pregnancy, the correlation analysis revealed that the BMI is negatively correlated with hormone E,
and LH. The higher the BMI was, the lower the levels of hormones E,, LH and P became. However, in the present
study, the BMI did not significantly improve the clinical pregnancy rate of patients who received IUI.
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Background

With the rapid development of the economy, the pace of
people’s life speeds up, material living standard im-
proves, and obesity becomes a global public health prob-
lem. It has been proven by growing evidence that obesity
can result in infertility, such as menstrual cycle disorder,
reduced fertility, abnormal ovulation, high androgen
levels and insulin resistance [1-5]. The maintenance of
normal reproductive function in females is affected by
various factors, and the influence of BMI on assisted
reproduction has become a hot topic for debate [6, 7].
Studies conducted abroad have reported that obese

* Correspondence: docylwang2003@126.com; gingchunli_doc@163.com
Department of Reproductive Medicine, Binzhou Medical University Hospital,
Binzhou, China

K BMC

women have low fertility for both the natural state and
assisted-reproductive technology treatment [8, 9].

There are many reasons for the lower fertility of obese
women. To date, the most widely accepted mechanism
is that the balance of the hypothalamic-pituitary-ovarian
(HPO) axis is disrupted in obese women. Insulin resist-
ance and leptin resistance often occurs [10-14], and the
level of free fatty acids in the blood of obese people is
higher, which can directly inhibit Gn synthesis. Further-
more, the leptin secreted by fat cells interferes with the
HPO axis, thereby affecting the Gn release, and resulting
in decreased levels of estradiol (E;), luteotropic hormone
(LH) and progesterone (P) in serum [15]. The study con-
ducted by Souter et al. [16] revealed that the decrease in
serum estradiol and LH levels in obese people may be
correlated to the increase in concentration of anti-
gonadal hormone, which is similar to the leptin in serum
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and follicular fluid. In addition, leptin can inhibit the E,
secretion by human cells, and regulate the generation of
steroid hormone.

The disorder of the HPO axis affects the regularity of
the menstrual cycle, and inhibits the occurrence of ovu-
lation [17]. Obesity not only affects the menstruation
and ovulation of women during their reproductive
period, but also to some extent damages the egg quality
and uterine receptivity [18]. It was found in a study on
obesity and in vitro fertilization outcomes that the num-
ber of mature eggs of women with a BMI of more than
30 kg/m?* significantly decreased, suggesting that obesity
is an independent risk factor that hinders egg matur-
ation [19]. In the normal menstrual cycle, progesterone
P is generally not secreted at the follicular stage. Before
ovulation, the granulosa cells of a mature follicle are lu-
teinized under the action of LH ovulation peak, and be-
gins to secrete a very small amount of progesterone [20].
After ovulation, P is mainly generated by granular luteal
cells and follicular membrane luteal cells. These are
transported by blood to the target cells, and combines
with the corresponding receptor to play certain roles
[20]. The main roles are, as follows: (1) make the endo-
metrium in the proliferating stage transform into a
secretory membrane, and prepare for the fertilized egg
implantation and embryonic development in the later
stage; (2) reduce the excitability of uterine smooth mus-
cles and its sensitivity to oxytocin, thereby inhibiting
uterine contraction, which is conducive to embryonic
development, and intrauterine fetal growth and develop-
ment. A retrospective analysis of a large sample in China
revealed that excessively high P on the first day after
HCG day affects the oocyte retrieval rate, but does not
affect the embryo quality, embryo implantation rate and
clinical pregnancy rate [21].

In the present study, a total of 2319 cycles of intrauter-
ine insemination (IUI) and assisted pregnancy in the Re-
productive Center of Binzhou Medical University
Affiliated Hospital were selected as the study object, in
order to investigate the effect of body mass index (BMI)
on E,, P and LH on HCG day and pregnancy outcome
for women of different ages.

Methods

General information

A total of 2319 cycles of IUI conducted in the Repro-
ductive Center of Binzhou Medical University Affiliated
Hospital from 2014 to 2016 were retrospectively ana-
lyzed. Inclusion criteria: (1) patients within 20-45 years
old, (2) patients with a BMI of 18.5-35.1 kg/m? (3) pa-
tients without uterine malformation, and (4) patients
with salpingography or hysteroscopy results showing
that the fallopian tube is unobstructed at one side at
least. Exclusion criteria: infertile women with polycystic
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ovary syndrome, endometriosis, uterine leiomyoma,
uterine malformation, and a history of ovarian surgery.
Due to the different BMI characteristics for different
populations, the present study adopted the BMI grading
standard, which was formulated by the World Health
Organization (WHO) for the Asia Pacific region. This
was suitable for the physical characteristics of Chinese
subjects. In addition, the influence of the BMI grading
standard on blood value on HCG day and pregnancy
outcome during the IUI treatment was also discussed.

In order to exclude the effects of different endometrial
preparation regimens and age on the results of the
present study, the 2319 cycles of subjects are divided
into the following groups: (1) IUI with natural cycle
and < 35 years old; (2) IUI with natural cycle and > 35
years old; (3) IUI with ovulation induction cycle and <
35 years old; (4) IUI with ovulation induction cycle and >
35 years old. According to the WHO reference standard
for Asian women’s BMI, the above four groups were fur-
ther divided into three groups: normal weight group
(18.5kg/m> < BMI < 23.0 kg/m?), overweight group (23
kg/m?* < BMI < 25 kg/m?), and obese group (25 kg/m? <
BMI < 35.1kg/m?). These patients were divided into
three groups according to the order of BMI grouping.

Methods

Follicle monitoring: the natural cycle was adopted for
patients with regular menstruation, while the CC/LE/
CC + HMG/LE + HMG/HMG/ESH + HMG ovulation in-
duction cycle was adopted for patients with ovulation
disorders. When the follicle diameter was more than 14
mm, vaginal ultrasound monitoring was performed daily,
and the ovulation was evaluated. When the dominant
follicle diameter was more than 16 mm, the LH peak
value was detected using the LH semi-quantitative ovu-
lation test paper every day to predict the ovulation.
Then, according to the predicted results, the dosage and
time of HCG for ovulation induction were determined.
The levels of E,, P and LH in serum were monitored on
HCG day. These patients were treated with IUI on the
day after HCG injection, an all patients were treated
with progesterone after IUL

Semen preparation: The abstinence for the husband
was approximately 3 or 7 days, the sperm was extracted
by masturbation and placed in a sperm cup, and the
semen is treated by density gradient centrifugation. After
optimization, the sperm suspension was 0.5 ml, and the
number of forward moving sperms was more than 10,
000. IUI was subsequently performed.

Insemination methods: These patients were placed in
the lithotomy position, a saline cotton ball was used to
wash the vagina and cervix, the processed semen was ex-
tracted using a one-off artificial insemination tube, and
this was slowly injected into the patient’s uterine cavity.
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The head low and buttocks high posture was maintained
for 30 min, and the patient was discharged from the hos-
pital. Luteal support was performed for all patients with
IUI after the procedure.

Clinical pregnancy determination: Urine HCG or
blood HCG were examined at 14 days after the IUIL in
order to determine whether the patient was pregnant.
The intrauterine pregnancy sac was observed by vaginal
ultrasonography between the fourth week and fifth week
after IUI, and all subjects were followed up after the TUIL

Statistics analysis

The data were organized using Excel 2007, and the SPSS
22.0 software was used for the statistical analysis. Nor-
mally distributed data were presented as™x + standard de-
viation (SD), while non-normally distributed data were
presented in M (Q25-Q75). The normally distributed data
with homogeneous variance were compared among mul-
tiple groups using one-way analysis of variance, while
non-normally distributed measurement data or data with
heterogeneous variance were compared using the
Kruskal-Wallis non-parametric H-test. Counting data
were presented in frequency, and chi-square test was used
for comparison. Simultaneously, Pearson’s correlation was
used for the correlation analysis of normally distributed
data, while Spearman’s correlation was used for the correl-
ation analysis of non-normally distributed data. If the P-
value was < 0.05, the difference was statistically significant.

Results

General information

The 2319 cycles of subjects are divided into the follow-
ing groups: (1) 815 cases underwent IUI with a natural
cycle, < 35 years old; (2) 254 cases underwent IUI with a
natural cycle, >35years old; (3) 1144 cases underwent
IUI with an ovulation induction cycle, < 35 years old; (4)
106 cases underwent IUI with an ovulation induction
cycle, > 35years old. According to the WHO reference
standard for Asian women’s BMI, the above four groups
were further divided into three subgroups: normal
weight group (18.5kg/m> <BMI <23.0kg/m?), over-
weight group (23 kg/m® <BMI < 25kg/m?), and obese
group (25 kg/m? < BMI < 35.1 kg/m?).
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Comparison of hormone and pregnancy for patients in
the different BMI groups with natural cycle and an age of
not more than 35 years old

Patients with a natural cycle and not more than 35 years
old were divided into three groups according to their
BMI: normal weight group (n =440), overweight group
(n=178), and obese group (n=197). The daily HCG
hormone level and pregnancy conditions of patients in
these three groups are presented in Table 1. The hor-
mone levels of these three groups of patients were com-
pared, and the results revealed that there was statistical
significance for the hormone E, level in these three
groups of patients (H =16.571, P<0.001). Furthermore,
it was found that the E, level of patients in the obese
group was lower than that of patients in the normal
weight group, and the difference was statistically signifi-
cant (P < 0.05), when compared between any two groups.
This suggests that the difference was statistically signifi-
cant (H=17.903, P<0.001) when comparing the hor-
mone LH levels of these three groups of patients.
Furthermore, the comparison between any two groups re-
vealed that the LH level of patients in the obese group was
lower than that of patients in the normal weight group.
Therefore, the difference was statistically significant (P <
0.05). However, there was no statistical significance for the
difference in hormone P in these three groups of patients
by comparison (H = 1.534, P = 0.464). The pregnancy rate
was 14.55% in the normal weight group, 10.67% in the
overweight group, and 14.72% in the obese group, respect-
ively. Similarly, there was no statistical significance for the
difference in pregnancy rate among the three groups of
patients by comparison (X*=1.812, P=0.404). The spe-
cific details are presented in Table 1.

Comparison of hormone and pregnancy for patients in
the different BMI groups with an ovulation induction
cycle and an age of not more than 35 years old

Patients with an ovulation induction cycle and an age of
not more than 35 years were divided into three groups
according to their BMI: normal weight group (n =425),
overweight group (n =203), and obese group (1 =516).
The hormone levels on HCG day and pregnancy condi-
tions in the three groups are presented in Table 2. The

Table 1 Hormones and pregnancy in different body mass index groups in natural cycle pregnancy patients <35 years old

Grouping Number HCG day E2 HCG day LH HCG day P Pregnancy condition
of cases
Not pregnant Pregnant

Normal weight 440 1105.50 (808.83 ~ 1426.75) 34.34 (19.34 ~ 54.48) 242 (1.70~3.16) 376 (85.45%) 64 (14.55%)
Overweight 178 1017.00 (695.93 ~ 1347.08) 2942 (16.96 ~ 50.87) 223 (1.72~3.03) 159 (89.33%) 19 (10.67%)
Obesity 197 927.30 (696.10 ~ 1201 .OO)* 2532 (1414~ 43.05)* 229 (167 ~291) 168 (85.28%) 29 (14.72%)
Statistic quantity H=16.571 H=17903 H=1534 )(2 =1812

Parameters p < 0.001 p < 0.001 p =0464 p=0404

*P <0.05
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Table 2 Hormones and pregnancy in different body mass index groups in ovulation induction cycles <35 years old

Grouping Number HCG day E2 HCG day LH HCG day P Pregnancy condition

of cases Not pregnant Pregnant
Normal weight 425 1538.00 (827.92 ~ 2828.50) 12.83 (8.14 ~23.26) 237 (169 ~3.18) 303 (71.29%) 122 (28.71%)
Overweight 203 1164.00 (694.30 ~ 2063.00)° 11.83 (7.58 ~24.38) 217 (1.61~291) 143 (70.44%) 60 (29.56%)
Obesity 516 93345 (52565 ~ 1607.75) 1069 (6.96 ~ 19.01)" 211 (149 ~285)" 384 (74.42%) 132 (25.58%)
Statistic quantity H=66.341 H=10.235 H=12912 X2 =1.6%
Parameters p <0.001 p=0.006 p=0.002 p=0429

Note:*indicates p < 0.05 compared with normal weight, and # indicates p < 0.05 compared with overweight

hormone levels of these three groups of patients were
compared, and the results revealed that the difference in
hormone E, level in these three groups of patients was
statistically significant (H = 66.341, P<0.001). Further-
more, it was found that the hormone E, level was lowest
in the obese group and highest in the normal weight
group, when comparing between any two groups, and
the difference in hormone E, level for these different
groups was statistically significant (P < 0.05). This sug-
gests that the difference has statistical significance (H =
10.235, P=0.006) when comparing the hormone LH
levels of these three groups of patients. Furthermore, the
comparison between any two groups revealed that the
hormone LH level in the obese group was lower than
that in the normal weight group, and the difference was
statistically significant (P <0.05). There was also statis-
tical significance for the difference in hormone P of
these three groups of patients by comparison (H =1.534,
P =0.464). The pregnancy rate was 28.71% in the normal
weight group, 29.56% in the overweight group, and
25.58% in the obese group, respectively. Similarly, there
was no statistical significance for the difference in preg-
nancy rate among these three groups of patients by com-
parison (X”=1.694, P=0.429). The specific details are
presented in Table 2.

Comparison of hormone and pregnancy in patients in the
different BMI groups with a natural cycle and an age of
more than 35 years old

Patients with a natural cycle and an age of more than
35years were divided into three groups according to
their BMIL: normal weight group (n=90), overweight
group (n = 83), and obese group (n = 81). The daily HCG

hormone level and pregnancy conditions of these three
groups of patients are presented in Table 3. The hor-
mone levels of these three groups of patients were com-
pared, and the results revealed that there was no
statistical significance in the difference in hormone E,,
LH and P levels of these three groups of patients (P >
0.05). The pregnancy rate was 12.22% in the normal
weight group, 9.64% in the overweight group, and
11.11% in the obese group, respectively. Similarly, there
was no statistical significance for the difference in preg-
nancy rate among these three groups of patients by com-
parison (X”=0.295, P=0.863). The specific details are
presented in Table 3.

Comparison of hormone and pregnancy for patients in
the different BMI groups with an ovulation induction
cycle and an age of more than 35 years old

Patients with an ovulation induction cycle and an age of
more than 35 years were divided into three groups ac-
cording to their BMIL normal weight group (n=26),
overweight group (n=26), and obese group (n=>54).
The daily HCG hormone level and pregnancy conditions
of these three groups of patients are presented in Table 4.
The hormone levels of these three groups of patients
were compared, and the results revealed that there was
no statistical significance for the difference in hormone
E,, LH and P levels of these three groups of patients
(P >0.05). The pregnancy rate was 15.38% in the normal
weight group, 11.54% in the overweight group, and
7.41% in the obese group, respectively. Similarly, there
was no statistical significance for the difference in preg-
nancy rate among these three groups of patients by

Table 3 Hormones and pregnancy in different body mass index groups in natural cycle pregnancy patients > 35 years old

Grouping Number HCG day E2 HCG day LH HCG day P Pregnancy condition

of cases Not pregnant Pregnant
Normal weight 90 1228.00 (795.30 ~ 1598.25) 23.53 (13.87 ~38.99) 1.80 (1.26 ~2.89) 79 (87.78%) 11 (12.22%)
Overweight 83 1072.00 (753.40 ~ 1468.00) 24.58 (12.96 ~ 45.54) 182 (1.23~275) 75 (90.36%) 8 (9.64%)
Obesity 81 1084.00 (713.80 ~ 1359.50) 22.35 (12.87 ~ 36.08) 1.73 (118 ~2.58) 72 (88.89%) 9 (11.11%)
Statistic quantity H=2987 H=1.040 H=0236 ¥ =0.295
Parameters p=0225 p =059 p=0.889 p=0863
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Table 4 Hormones and pregnancy in patients older than 35 years old with different body mass index (BMI)

Grouping Number HCG day E2 HCG day LH HCG day P Pregnancy condition

of cases Not pregnant Pregnant
Normal weight 26 1120.50 (677.65 ~ 2180.50) 15.98 (7.90 ~ 22.19) 1.65 (0.96 ~ 2.45) 22 (84.62%) 4 (15.38%)
Overweight 26 1063.35 (649.75 ~ 2693.75) 13.15 (8.30 ~ 26.46) 237 (1.55~3.10) 23 (88.46%) 3 (11.54%)
Obesity 54 112350 (653.50 ~ 1634.50) 15.62 (792 ~27.05) 1.90 (149~ 241) 50 (92.59%) 4 (741%)
Statistic quantity H=0.236 H=0.105 H=5.160 X2: 1.251
Parameters p=0.889 p=0.949 p=0.076 p=0.535

comparison (X?=1.251, P=0.535). The specific details
are presented in Table 4.

Analysis of the correlations between BMI and the
different hormones

The correlation between BMI and each hormone was
analyzed for all patients, and the results are present in
Table 5. The findings revealed that BMI is negatively
correlated with the levels of hormone E,, LH and P on
HCG day. That is, the higher the BMI was, the lower the
levels of hormone E,, LH and P in HCG day were. After
mastering the age and assisted reproduction conditions,
the correlation analysis revealed that BMI was negatively
correlated with the levels of hormone E, and LH, with
partial correlation coefficients of — 0.160 and — 0.112, re-
spectively. All these had statistical significance (P < 0.05).
The scatter diagrams of the correlation between BMI
and hormone E, and LH are presented in Figs. 1 and 2,
respectively.

Discussion

The influence of female BMI on hormone level after IUI
on HCG day is presented, as follows. For patients with a
natural cycle and an age of less than 35 years old, the E,
concentration and LH level in serum in the normal
weight group were higher than those in the obesity
group (P <0.05), but the P concentration in serum was
not significantly affected (P> 0.05). For patients with an
induced ovulation cycle and an age of less than 35 years
old, the levels of E,, LH and P in serum in the normal
weight group were higher than those in the overweight
group and obesity group (P<0.05), respectively. The
correlation analysis between infertility and BMI revealed

Table 5 Correlation analysis between BMI index and different

hormone
Correlation HCG day 2 HCGday LH  HCG day P
BMI index
Correlation coefficient r ~ —0.181 -0.185 -0.104
P value <0.001 <0.001 <0.001
Partial correlation —-0.160 -0.112 -0034
coefficient r’
P value <0.001 0.001 0.093

that the risk of infertility increases with the increase in
BMI In particular, as the BMI becomes higher than
23.9 kg/m?, the risk of infertility significantly increases
[22].

In the present study, the BMI was negatively corre-
lated with E,, LH and P on HCG day. That is, the higher
the BMI was, the lower the levels of E,, LH and P on
HCG day became. However, the BMI value had no sig-
nificant influence on pregnancy outcome, which may be
due to the small sample capacity. Therefore, it is neces-
sary to expand the sample capacity in further studies.

In a normal menstrual cycle, E, secretion follows a
certain rule, and fits with the growth and development
of follicles, as well as the ovulation process. After
fertilization, oocyte and progesterone work together to
provide a basis for embryo implantation [23]. The preg-
nancy outcome of IUI is affected by many factors, and
E, is an important monitoring index for COS. It can be
observed in previous studies that compared the preg-
nancy outcomes with different fluctuation degrees of E,
before the HCG trigger was compared, when E, declines
before the HCG trigger, there would be no adverse ef-
fects on the clinical pregnancy rate, live births rate and
abortion rate in the early stage. This shows that the
pregnancy outcome would not be affected by the dy-
namic change in E, before the HCG trigger. Based on
previous studies, the present study further investigates
the influence of BMI on the change in E;, on HCG day
on the pregnancy outcome of IUIL These results show
that when age is no more than 35 years old, regardless of
whether the patient has a natural cycle or promoting
cycle, the BMI of women has an effect on the changes in
E, on HCG day. The E; level in the obese group was
lower than that in the normal weight group. When the
age was more than 35 years old, the BMI had no effect
on the changes in E, on HCG day, regardless of whether
the patient has a natural cycle or ovulation induction
cycle. This could be due to the altered hormone levels in
women of over 35 years old, especially the reduced E,.
Furthermore, BMI was negatively correlated with the
hormone level on HCG day. That is, the higher the BMI
was, the lower the level of E, became. In the study con-
ducted by Mittal et al,, [24] it was found that a change
in E; may affect the quality of oocytes and embryos, and



Wang et al. BMC Women's Health (2020) 20:105 Page 6 of 8

200001
16000- o o o
© o
~_~ o o
- o
— o o o
S 120004 o
£ o
E o °
T o
= (e o] o 8 B o
) o0 o o°
& 80001 00 og e & r=-0.181,p <0.001
) o o ° P 9 & r'=-0.160,p < 0.001
@) 00 °@® X
=
)
4000 S
Q o
O O
) T
20.00 25.00 30.00 35.00 40.00

BMI(kg/m?)

Fig. 1 The scatter plot of the correlation between the BMI index and hormone E,. The correlation analysis between BMI and E; on HCG day
revealed that there was a negative correlation between BMI and E, on HCG day. The higher the BMI index, the lower the level of E, became. The
correlation coefficient was — 0.181, the partial correlation number was —0.160, and the P-value was < 0.001. The difference was

statistically significant
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Fig. 2 The scatter plot of the correlation between the BMI index and hormone LH. The correlation between BMI and LH on HCG day was
analyzed. The results revealed that there was a negative correlation between BMI and LH. The higher the BMI index was, the lower the LH level
became. The correlation coefficient was —0.185, the partial correlation number was —0.112, and the P-values were < 0.001. The difference was
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that a higher estrogen/follicle ratio can lead to high
quality oocytes, suggesting that better pregnancy out-
comes can be obtained with the increase in E,. The
present study compared the effects of the rise or fall of
E, on HCG day on the pregnancy outcomes of women
with different BMIs, and the results revealed that there
was no significant difference in pregnancy outcomes of
women with different ages and the BMlIs after IUI, re-
gardless of whether they have a natural cycle or ovula-
tion induction cycle (P >0.05). This suggests that the
rise and fall of E; on HCG day has no significant adverse
effect on pregnancy outcome.

Wu et al. [25] considered that excessively high E,
levels do not affect the final outcome of assisted preg-
nancy. However, Mitwally et al. [26] considered that a
higher E, would affect endometrial receptivity, and oo-
cyte and embryo quality. Furthermore, if patients are
more than 35years old, their pregnancy rate for
artificial-assisted pregnancy would more easily be af-
fected by higher E,. The E, level in the present study did
not affect the pregnancy outcome, and there was no sig-
nificant correlation between these two.

LH is a gonadotropin, which is needed by follicle de-
velopment towards the dominant follicle [27], and the
estrogen secretion simulated by LH is conducive to the
maturation of the oocyte cytoplasm and egg membrane
(refers to the zona pellucida and corona radiata). The
main function of the LH pulse peak is to start the mei-
osis. Primary oocytes begin the meiosis and discharge
the first polar body, thereby forming secondary oocytes
and stopping at the meiosis metaphase, which in turn
promotes the luteinization of the follicular wall, and fi-
nally stimulates ovulation. LHR is expressed by granu-
losa cells in the middle and late stage of the follicular
stage. LH acts on the contact relaxation between granu-
losa cells and oocytes caused by follicles, in order to pro-
mote oocyte maturation and estrogen synthesis.

Conclusion

In women less than 35 years old, the BMI affects the E,,
LH and P values on the trigger day of artificial insemin-
ation. Furthermore, the higher the BMI was, the lower
the levels of E,, LH and P became. However, a lower
BMI does not obviously improve the clinical pregnancy
rate of female patients treated by [UL Hence, there is a
need to conduct larger randomized controlled trials, in
order to determine whether female BMI can change the
pregnancy outcome.

Abbreviations

BMI: Body mass index; IUI: Intrauterine insemination; HCG: Human Chorionic
Gonadotropin; WHO: World Health Organization; HPO: Hypothalamic-
pituitary-ovarian axis; SD: Standard deviation

Acknowledgements
Not applicable.

Page 7 of 8

Authors’ contributions

WLT and WCX are the co-first authors, conceptualized and designed the
study, drafted the initial manuscript, and reviewed and revised the manu-
script. SHL, LXFWX and WYL designed the data collection instruments, col-
lected data, carried out the initial analyses, and reviewed and revised the
manuscript. LQC coordinated and supervised data collection, and critically
reviewed the manuscript for important intellectual content. All authors ap-
proved the final manuscript as submitted and agree to be accountable for
all aspects of the work.

Funding

The present study was supported by the Medical Science and Technology
development Program of Shandong Province (grant no. 2011QZ002 to Q. C.
Li) and Shandong Natural Science Foundation (grant no. ZR2012HLO3 to Y. L.
Wang and grant no. ZR2017LHO13 to H. L. Sun).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate

This study was conducted in accordance with the declaration of Helsinki.
This study was conducted with approval from the Ethics Committee of
Binzhou Medical University Hospital. A written informed consent was
obtained from each participant.

Consent for publication
The consent for publication was obtained from every individual whose data
were included in the manuscript.

Competing interests

All authors have significantly contributed to the manuscript, and declare that
the work is original and has not been submitted or published elsewhere.
None of the authors have any financial disclosure or conflict of interest.

Received: 8 November 2019 Accepted: 28 April 2020
Published online: 14 May 2020

References

1. Broughton DE. Obesity and female infertility: potential mediators of
obesity's impact. Fertil Steril. 2017;107(4):840-7.

2. Glenn T, Harris AL, Lindheim SR. Impact of obesity on male and female
reproductive outcomes. Curr Opin Obstet Gynecol. 2019;31(4):201-6.

3. Kumbak B, Oral E. Female obesity and assisted reproductive technologies.
Semin Reprod Med. 2012,;30(6):507-16.

4. Pandey S. Impact of obesity on gynecology. Women's Health (Lond Engl).
2010,6(1):107-17.

5. Duval K, Langlois MF, Carranza-Mamane B, Pesant MH, Hivert MF, Poder TG,
et al. The Obesity-Fertility Protocol: a randomized controlled trial assessing
clinical outcomes and costs of a transferable interdisciplinary lifestyle
intervention, before and during pregnancy, in obese infertile women. BMC
Obes. 2015;2:47.

6. Martinuzzi K, Ryan S, Luna M. Elevated body mass index (BMI) does not
adversely affect in vitro fertilization outcome in young women. J Assist
Reprod Genet. 2008;25(5):169-75.

7. ESHRE Task Force on Ethics and Law, Dondorp W, de Wert G, Pennings G,
Shenfield F, Devroey P, Tarlatzis B, et al. Lifestyle-related factors and access
to medically assisted reproduction. Hum Reprod. 2010;25(3):578-82.

8. Crosignani PG, Ragni G, Parazzini F, Wyssling H, Lombroso G, Perotti L.
Anthropometric indicators and response to gonadotrophin for ovulation
induction. Hum Reprod. 1994,9(3):420-3.

9. The Practice Committee of the American Society for Reproductive Medicine.
Optimal evaluation of the infertile female. Fertil Steril. 2006,86(5 Suppl 1):
S264-7.

10.  Sahin-Efe A, Upadhyay J, Ko BJ, Dincer F, Park KH, Migdal A, et al. Irisin and
leptin concentrations in relation to obesity, and developing type 2 diabetes:
a cross sectional and a prospective case-control study nested in the
normative aging study. Metab Clin Exp. 2018;79:24-32.

11. Park KH, Zaichenko L, Brinkoetter M, Thakkar B, Sahin-Efe A, Joung KE, et al.
Circulating irisin in relation to insulin resistance and the metabolic
syndrome. J Clin Endocrinol Metab. 2013;98(12):4899-907.



Wang et al. BMC Women's Health (2020) 20:105 Page 8 of 8

12. Tay J, Thompson CH, Luscombe-Marsh ND, Wycherley TP, Noakes M,
Buckley JD, Wittert GA, Yancy WS, Brinkworth GD. Efects of an energy-
restricted low-carbohydrate, high unsaturated fat/low saturated fat diet
versus a high-carbohydrate, low-fat diet in type 2 diabetes: a 2-year
randomized clinical trial. Diabetes Obes Metab. 2018,;20(4):858-71.

13.  Papakonstantinou E, Orfanakos N, Farajian P, Kapetanakou AE, Makariti IP,
Grivokostopoulos N, Ha MA, Skandamis PN. Short-term efects of a low
glycemic index carob-containing snack on energy intake, satiety, and
glycemic response in normalweight, healthy adults: results from two
randomized trials. Nutrition. 2017;42:12-9.

14. Ellery THP, Sampaio HAC, Carioca AAF, Silva BYDC, Alves JAG, Da Silva CF,
Araujo Junior E, Melo MLP. Association between dietary glycemic index and
excess weight in pregnant women in the first trimester of pregnancy. Rev
Bras Ginecol Obstet. 2019:41(1):4-10.

15. Xu P, Huang BY, Zhan JH, Liu MT, Fu Y, Su YQ, et al. Insulin Reduces
Reaction of Follicular Granulosa Cells to FSH Stimulation in Women With
Obesity-Related Infertility During IVF. J Clin Endocrinol Metab. 2019;104(7):
2547-60.

16.  Alviggi C, Mollo A, Clarizia R. Exploiting LH in ovarian stimulation. Reprod
BioMed Online. 2006;12(2):221-33.

17. Gesink Law DC, Maclehose RF, Longnecker MP. Obesity and time to
pregnancy. Hum Reprod. 2007,26(22):414-20.

18. Snider AP. Obesity Induces Ovarian Inflammation and Reduces Oocyte
Quality. Reproduction (Cambridge, England). 2019,04. https://doi.org/10.
1530/REP-18-0583.

19. Esinler |, Bozdag G, Yarali H. Impact of isolated obesity on ICSI outcome.
Reprod BioMed Online. 2008;17(4):583-7.

20.  Friis Wang N, Skouby SO, Humaidan P. Response to ovulation trigger is
correlated to late follicular phase progesterone levels: A hypothesis
explaining reduced reproductive outcomes caused by increased late
follicular progesterone rise. Hum Reprod (Oxford, England). 2019;34(5):942—
8.

21. ZhuH, Liu L, Yang L, Xue Y, Tong X, Jiang L, et al. The effect of
progesterone level prior to oocyte retrieval on the numbers of oocytes
retrieved and embryo quality in IVF treatment cycles: an analysis of 2,978
cycles. J Assist Reprod Genet. 2014;31(9):1183-7.

22, Janet W. Rich-Edwards, Marlene B. Goldman, Walter C. Willett, David J.
Hunter, Meir J. Stampfer, Graham A. Colditz, JoAnn E. Manson, (1994)
Adolescent body mass index and infertility caused by ovulatory disorder.
American Journal of Obstetrics and Gynecology 171 (1):171-7.

23. Cerne A, Bergh C, Borg K, Ek I, Gejervall AL, Hillensjo T, et al. Pre-ovarian
block versus paracervieal block for oocyte retrieval. Hum Reprod. 2006;21:
2916-21.

24. Mittal S, Gupta P, Malhotra N, Singh N. Serum estradiol as a predictor of
success of in vitro fertilization. J Obstet Gynaecol India. 2014,64:124-9.

25. Wu CH, Kuo TC, Wu HH, Yeh GP, Tsai HD. High serum estradiol levels are
not detrimental to in vitro fertilization outcome. Taiwanese J Obstet
Gynecol. 2007;46(1):54-9.

26.  Mitwally MF, Bhakoo HS, Criekard K, Suilivan M. Estradiol production during
controlled ovarian hyper stimulation correlates with treatment outcome in
women undergoing invitro fertilization-embryo transfer. Fertil Steril. 2006,86:
588-96.

27. Yung Y, Aviel-Ronen S, Maman E, Rubinstein N, Avivi C, Orvieto R, et al.
Localization of luteinizing hormone receptor protein in the human ovary.
Mol Hum Reprod. 2014;20(9):844-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations. Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1530/REP-18-0583
https://doi.org/10.1530/REP-18-0583

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	General information
	Methods
	Statistics analysis

	Results
	General information
	Comparison of hormone and pregnancy for patients in the different BMI groups with natural cycle and an age of not more than 35&thinsp;years old
	Comparison of hormone and pregnancy for patients in the different BMI groups with an ovulation induction cycle and an age of not more than 35&thinsp;years old
	Comparison of hormone and pregnancy in patients in the different BMI groups with a natural cycle and an age of more than 35&thinsp;years old
	Comparison of hormone and pregnancy for patients in the different BMI groups with an ovulation induction cycle and an age of more than 35&thinsp;years old
	Analysis of the correlations between BMI and the different hormones

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

