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Abstract

Introduction Although bariatric surgery seems to increase spontaneous fertility by improving ovulatory function in young
women, its impact on ovarian reserve remains largely unknown.

Objective To evaluate changes in serum anti-Mullerian hormone (AMH) levels in reproductive-age severely obese women after
bariatric surgery (BS).

Methods AMH levels were measured retrospectively in 39 women (mean age 34.6 = 1.1 years, range 18—45) that underwent
a sleeve gastrectomy or Roux-en-Y gastric bypass (RYGB) at baseline, and 6 and 12 months after BS. Metabolic and
micronutrient status, including fasting plasma insulin and glucose, HOMA-IR, leptin, adiponectin, calcium, albumin,
transthyretin, ferritin, vitamins (B9, B12, B1, A, E, D), zinc, and selenium, were assessed in all patients before and 1 year
after BS.

Results Of the patients, 79% had class-3 obesity. At 6 and 12 months, mean total weight losses (TWL) were 26 and 30%; mean
excess weight losses (EWL) were 61.7 and 70.2%. Compared to baseline, AMH levels significantly decreased by 18% at
6 months, and 32% at 12 months post-operatively (p =0.010 and p =0.001, respectively). There was no correlation between
AMH variation and changes in metabolic parameters or micronutrient levels. Remarkably, changes in AMH levels did not differ
between sleeve and RYGB patients and were not correlated with EWL.

Conclusion This pilot study shows a drastic reduction in AMH levels at 1 year after BS in reproductive-age severely obese
women, which was not related to weight loss: this suggests a negative impact of BS on ovarian reserve, at least in the short term.
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Introduction

The prevalence of obesity has increased over the last two
decades and is a worldwide health problem [1]. It is well
known that obesity is a major prognostic factor for fertility.
It is mainly caused by ovulation dysfunction. The impact of
obesity on ovarian reserve and notably on AMH levels is still
debated and contradictory data have been reported in the sci-
entific literature. In some studies, AMH was negatively relat-
ed to BMI, but age was probably a confounding factor [2, 3].
Obesity is associated with a higher risk of obstetrical compli-
cations such as gestational diabetes, hypertension, preeclamp-
sia, and preterm birth [4]. Obesity-associated gonadal dys-
function has been recently found to be more prevalent than
thought in severely obese patients (36% in women, 64% in
men) that have undergone bariatric surgery (BS) [5, 6]. BS is
the most efficient therapy for severe obesity, which has bene-
ficial effects on metabolic parameters and obstetrical as well
as perinatal complications [7]. It benefits fertility [8]; howev-
er, research on ovarian reserve is scant. Previous studies report
decreases in AMH concentrations at 3 and 6 months post-BS
[9, 10]. Yet, data are lacking on whether this variation is
caused by a transitional phase of malnutrition and metabolic
change or whether there is a real impact of BS on ovarian
reserve. Although BS does appear to increase spontaneous
fertility in young women by improving ovulatory function
[5, 11], its impact on assisted reproduction and ovarian reserve
should be evaluated.

Anti-Mullerian hormone (AMH) is a glycoprotein pro-
duced by the granulosa cells from primary to pre-antral folli-
cles, with very low expression in larger antral follicles. AMH
appears to reflect the primordial follicle reserve [12]. It is a
poor marker of spontaneous pregnancy in patients without a
history of infertility [13], but currently remains the best surro-
gate marker for estimating ovarian reserve. Serum AMH
levels differ only subtly throughout the menstrual cycle,
which is a major advantage over other markers of fertility
[14]. Therefore, AMH level is used worldwide to evaluate
ovarian reserve in reproductive medicine and to predict ovar-
ian response to stimulation in in vitro fecundation [12].

Our objective was to analyze variations in AMH levels at
6 months and 1 year post-BS, and, secondly, to evaluate its
relationship to metabolic parameters and nutritional status.

Materials and methods

Patients

We conducted a retrospective study using the medical records
of women of reproductive age (18—45 years) that had under-

gone BS and had been previously included in other studies
in the endocrinology, metabolic diseases and nutrition
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departments of the university hospitals of La Timone and
North in Marseille (France) between 2008 and 2013. All wom-
en were eligible for BS by sleeve gastrectomy or a Roux-en-Y
gastric bypass (RYGB) [15] (i.e., body-mass index (BMI) was
>40 or >35 kg/m? with at least one obesity-related co-mor-
bidity) and previous failed adequate conservative treatment
during at least 6 to 12 months. We retrospectively studied 39
patients. Non-inclusion criteria included women with ovarian
surgery or patients undergoing menopause.

Data retrieved from files allowed us to define patients with
polycystic ovarian syndrome (PCOS), based on Rotterdam
criteria [16].

Study design and follow-up

Patients underwent at least three medical consultations: before
and at 6 and 12 months after surgery. During the medical
consultations, anthropometric parameters, such as weight,
BMI, excess weight, fat mass (using dual energy X-ray ab-
sorptiometry (GE Lunar)), and comorbidities, were recorded.
Percentages of total and excess weight loss (%TWL
and %EWL, respectively) were calculated as follows:
%EWL = (weight loss/excess weight) x 100 with excess
weight defined as: actual weight — calculated weight to attain
a BMI of 25 kg/m® During each visit, complete laboratory
tests after an overnight fast were performed.

Comorbidities, ethnicity, and hormonal contraceptive use
were noted at baseline or retrieved in medical records.
Diabetes, dyslipidemia, and arterial hypertension were diag-
nosed according to current international guidelines [16, 17].
The evolution of comorbidities was recorded post-bariatric
surgery every 3 months. According to ADA guidelines, com-
plete diabetes remission was defined as fasting blood glucose
< 5.6 mmol/L and HbA 1¢ < 6% without treatment 1 year after
BS [18].

Blood samples were analyzed for serum-AMH level, blood
count, fasting plasma glucose, insulin, leptin, adiponectin, se-
rum-albumin, transthyretin, serum-ferritin, vitamin B9, vita-
min B12, vitamin B1, vitamin A, vitamin E, vitamin D, zinc,
and selenium.

HOMA-IR was calculated as follows = insulin (LUI/L) x
fasting glucose (nmol/L)/22.5. Nutritional deficiencies, when
detected, were treated with appropriate supplementation. All
patients, whatever the bariatric procedure, received a multivi-
tamin supplementation over a 1-year period after BS. As rec-
ommended for patients submitted to RYGB, we prescribed
long-term iron, calcium, vitamin D, and vitamin B12 supple-
ments, along with multivitamins.

Biochemical analyses

AMH assessment was performed by electrochemiluminescence
(Cobas Roche). The repeatability coefficients of variation for
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the assay were 2.70, 0.89, and 0.76% for 0.10, 20, and 90 pmol/
L, respectively. Adiponectin (Quantikine ELISA, R&D
Systems) and leptin (Human Leptin ELISA, BioVendor) were
assessed using an Elisa kit. Albumin was measured with a
Green Bromocresol technique (Cobas 6000 Roche).
Transthyretin was assessed by immunoturbidimetry (BN
Prospec Siemens). Ferritin, 25-(OH)-vitamin-D3, and vitamins
B9 and B12 were measured by chemiluminescent assays
(Advia Centaur Siemens and Cobas 6000 Roche, respectively).
Vitamins B1, B6, A, and E were assessed by high-performance
liquid chromatography. Zinc and selenium were measured by
atomic-absorption spectrophotometry. Biological nutritional
deficiency was defined as a value below the lower threshold
identified by the manufacturer of the corresponding assay.
Vitamin D deficiency was defined as a serum concentration <
75 nmol/L.

Statistical analyses

All data were analyzed using GraphPad Prism 6 for
Windows. Descriptive statistics were expressed as means
and standard errors of the mean (SEM) for continuous vari-
ables, and as percentages for categorical variables.
Correlations were analyzed using Pearson’s test or
Spearman’s rho correlation when at least one of the variables
did not follow a Gaussian distribution. A Student’s ¢ test was
used to compare continuous variables at different time points
when data followed a Gaussian distribution, and a paired
Wilcoxon test was used when the distribution was non-
Gaussian. To test the effects of different variables indepen-
dently of a covariate, multiple regression modeling was con-
ducted using Statview Version 5.0. A p value of < 0.05 was
considered statistically significant.

Results
Patients’ characteristics at baseline

We retrospectively studied 39 severely obese women of repro-
ductive age (see supplementary fig. 1 for age distribution).
The majority of women included were Caucasian (85%).
Among these, 34 had complete follow-up data at 6 months,
and 28 women had data at 12 months after BS. The patients’
characteristics are summarized in Table 1. The mean age of the
study population was 34+ 1.1 years and 79% of patients had
class-3 obesity, of which 18% had a BMI > 50 kg/m2 n="7).
Twenty-three patients underwent sleeve gastrectomy and 16
patients underwent a RYGB. One third of patients were nul-
liparous. Only 6 of 39 patients had PCOS. Twelve patients
were active smoker. Twenty-nine patients had hormonal con-
traception (9 with hormonal intra-uterin devices, 16 with oral
progestin contraception, and 4 with estroprogestin
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Table 1 Baseline characteristics of the study population (n = 39)
Age (years) 34.6+1.1
Weight (kg) 122.5+2.6
BMI (kg/m?) 45.4+1.0
Obesity class (1 (%))

Class 2 8 (20%)

Class 3 31 (80%)

BMI > 50 kg/m® 7 (18%)
Comorbidities and risk factors (n (%))

Type-2 diabetes 5 (13%)

Arterial hypertension 3 (8%)

Dyslipidemia 5 (13%)

Active smoker 12 31%)
Ethnicity (n (%))

Caucasian 33 (85%)

Others 6 (15%)
Parity (7 (%))

0 13 (33%)

1-2 20 (51%)

>2 5 (12%)

Undetermined 1 (3%)
Polycystic ovary syndrome (PCOS) (n (%)) 6 (15%)
Use of contraception and type (n (%))

No contraception 7 (18%)

Hormonal contraception 29 (74%)

Copper IUD 2 (5%)

Tubal ligation 1 (3%)
Type of surgery (n (%))

Sleeve gastrectomy 23 (59%)

Roux-en-Y gastric bypass 16 (41%)

Mean + SEM, BMI body-mass index, /UD intra-uterine device

contraception), seven patients had no contraception and used
barrier method, two patients had a copper intra-uterine system,
and one patient underwent a tubal ligation. Five patients were
diagnosed with type 2 diabetes pre-operatively and all of them
were treated with metformin before BS, 2 were treated with bi
or tri-oral antidiabetic therapy and 2 with insulin. Four patients
had a history of infertility with assisted reproductive technol-
ogy (ART) attempts: two for endometriosis, one for impaired
ovarian reserve, and one for a male infertility.

At baseline, mean AMH was 13.45+1.90 pmol/L for all
patients: 9.88 +1.47 pmol/L in the non-PCOS group, and
33.04 +3.43 pmol/L in the PCOS group.

Age was negatively correlated with AMH level at baseline
(»<0.001). In contrast, no relationship was found between
AMH at baseline and BMI. We found a positive correlation
between HOMA-IR and initial AMH levels (r=0.37, p=
0.024), but this correlation no longer existed after exclusion
of PCOS patients. No correlation was found between AMH
concentration and the number of nutritional deficiencies, or
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with each nutritional parameter, or with leptin or adiponectin
concentrations.

At baseline, we found no difference in AMH levels be-
tween Caucasian women and other ethnic groups
(13.6 mmol/L vs 12.6 mmol/L, respectively, p = 0.98).

At baseline, mean AMH concentration did not differ sig-
nificantly between smokers and non-smokers (15.2 mmol/L
vs 13.1 mmol/L, p =0.72), suggesting that tobacco was not a
confounding factor.

Evolution after BS (Table 2)

At 6 and 12 months, mean %TWL were 26% (33.3 £ 1.3 kg)
and 30% (37.1 2.5 kg), respectively, while mean %EWL
were 61.7 and 70.2%, respectively. At 12 months, anti-
hypertensive treatments were stopped for all patients.
Similarly, 2 of 5 patients with dyslipidemia had no more lipid
lowering therapy. Five patients were diagnosed type 2 diabe-
tes pre-operatively. At 12 months, two had complete remis-
sion of their diabetes, and 3 were still treated with metformin
but glycemic control improved for all patients. There was no
early or late surgical complication for all the women included
in the study.

Mean AMH concentration decreased significantly by 18%
at 6 months, and by 35% at 12 months compared to concen-
trations before surgery (p = 0.010 and p = 0.001, respectively)
(Fig. 1).

Even after excluding the six patients with PCOS, there was
a significant drop in AMH concentrations (22.1% at 6 months
and 38.3% at 12 months, p=0.002 and p=0.002,
respectively).

A change in AMH was not correlated with %EWL (Fig. 2).
Likewise, AMH variation did not differ between the two types
of bariatric surgery (i.e., —33% and — 36% at 12 months post-
RYGP and sleeve gastrectomy, respectively). The variation in
AMH concentration was not associated with changes in nutri-
tional parameters. Moreover, there was no difference in AMH
change between patients with 0—1 or 2—3 nutritional deficien-
cies (p =0.179 at 6 months, and p =0.497 at 12 months), or
even those with more than 4 deficiencies (p =0.578 at 6 and
p =0.822 at 12 months). Similarly, there was no difference
between patients in the lowest tertile of albumin and those
with mild (p = 0.785 at 6 months, and p = 0.173 at 12 months)
or within the highest tertile (» =0.113 at 6 months, and p =
0.766 at 12 months).

We did not find a correlation between fat-mass loss and
AMH decrease at 6 or 12 months (p =0.293 and p =0.420,
respectively). No correlation was found between leptin,
adiponectin, and AMH variations throughout the study period.

We did not find any correlation between age and AMH
decrease at 6 and 12 months after BS (»p=0.09 and p =
0.115 respectively).
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Discussion

In this preliminary study, where we investigated a marker for
ovarian reserve in young obese women post-bariatric surgery,
we found a significant decrease in AMH levels at 6 and
12 months post-surgery. These results suggest possible im-
pairment of the ovarian reserve in young, non-PCOS, obese
women, and highlight the need for long-term studies to deter-
mine the pattern of AMH changes over time with weight sta-
bilization. Indeed, BS induces intense caloric restriction with
drastic weight and fat-mass loss. This hyper-catabolic state is
associated with a significant decrease in insulin resistance,
liver fat, inflammatory mediators (IL-6, TNF-«), and andro-
gen excess [19-21].

Many studies have shown that weight loss at post-BS may
correct ovulatory dysfunction [5, 22], as a weight loss of > 5
BMI points was associated with an OR of 20.2 for successful
pregnancy [23]. Moreover, a meta-analysis showed resolution
of hirsutism in 53%, menstrual dysfunction in 96%, and
PCOS in 96% of women that had BS [5]. So, AMH decrease
in patients with PCOS is possibly a sign of clinical improve-
ment [24]. A recent study by Milone et al. suggested improved
assisted reproductive technology (ART) outcomes after BS in
terms of oocyte number and quality and found no significant
post-operative variations in AMH levels [25]. However, in-
versely, some studies have reported decreased AMH concen-
trations after bariatric surgery. Indeed, Mehri et al. reported a
24% decrease in AMH concentration in 16 women aged <
35 years at 3 months post-BS [9]. Similarly, Bhandari et al.
reported a 36% decrease in AMH concentration in women
without PCOS at 6 months post-BS [10]. In a recent study
including 18 patients without PCOS and that underwent BS,
Chiofalo et al. reported significant variation in AMH at 1 year
post-surgery [26]. In accordance with these studies, we found
a 38% decrease in AMH concentration at 1 year post-BS in
non-PCOS patients.

How BS can impact on gonadal function and AMH levels
has not yet been fully elucidated. A hypothesis is that repro-
ductive function is tightly regulated by nutritional status [6,
27]. Some studies suggest significant associations between
nutritional factors and ovarian reserve or timing of meno-
pause [28], but these studies often use other markers
for ovarian reserve, like the concentration of follicle-
stimulating hormone. Only an association between AMH
and serum vitamin D has been investigated [29-31]: the first
review reported a positive correlation between concentra-
tions of serum vitamin D and AMH, whereas other studies
found no link between vitamin D and AMH. In accordance
with these results, we found no correlation in our study be-
tween these parameters. Similarly, we did not find any cor-
relation between changes in BMI or EWL and changes in
AMH, despite an average decrease of 14 points in BMI at
12 months [10, 26].
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Table 2 Anthropometric and
biologic parameters at baseline, MO (n =39) M6 (n =34) MI12 (n =28)
and at 6 and 12 months post-
bariatric surgery Body-mass index (kg/m?) 454+1.0 33.6+0.8"" 31.4+0.9%
Excess weight loss (%) 61.7+£3.0 70.2+5.0
Fat-mass DEXA (%) 53.5+0.6 449+12" 41.0+ 1.5
Nutritional parameters
Albumin (g/L) 37.5+0.5 37.4+0.6 37.0+0.3
(n>35g/L)
Transthyretin (g/L) 0.241 +0.009 0.198 +0.007"" 0.222+0.008
(n>0.21 g/L)
Vitamin D (nmol/L) 492+35 63.7+4.8" 64.7+6.5"
(n>75.0 nmol/L)
Vitamin B9 (pg/L) 6.2+0.5 9.9+1.17 104+1.2%
(n>4.6 ug/L)
Vitamin B12 (ng/L) 428.0+25.3 359.4+26.4" 351.7+24.2%
(n>191 ng/L)
Ferritin (ug/L) 583+7.5 84.3+13.2 442+9.4"*
(n>10 pg/L)
Vitamin A (mg/L) 0.61+0.03 0.49+0.027" 0.47+0.02%
(n>0.41 mg/L)
Vitamin E (mg/L) 10.7+0.3 11.1+04 12.9+2.7
(n>8 mg/L)
Selenium (ug/L) 61.9+3.4 47.0+2.8" 51.9+1.8"
(n>60 pg/L)
Zinc (ug/dL) 72.6+2.6 69.2+1.8 71.9+17
(n>60 pg/dL)
Vitamin B1 (nmol/L) 143.0+8.9 124.9+8.7 146.0+6.0
(n> 67 nmol/L)
Nutritional deficiencies (n (%))
0-1 23 (58) 7 (20) 8 (28)
2-3 12 (30) 17 (50) 15 (53)
>4 4(12) 10 (30) 5(17)
Metabolic parameters
HOMA-IR 53+0.7 1.5+02"F 1.5+0.1%
Leptin (ng/mL) 112.6+7.2 47.0+4.8" 443 54"
Adiponectin (j1g/mL) 52404 8.6+1.0™ 9.1+0.8"
AMH (pmol/L) 13.4+1.9 11.2+2.3" 10.5+2.4%

DEXA dual energy X-ray absorptiometry

 p=<0.001 MO-M6 comparison
 p <0.05 MO-M6 comparison

# 1 <0.001 MO-M12 comparison
# p <0.05 MO-M12 comparison

We also looked for how much AMH changed between
patients that had fewer or more nutritional deficiencies or
patients that had low or high albumin concentration: we
found no differences. This could suggest that a decreased
AMH level is not related to nutritional deficiency or to se-
vere malnutrition, and that other mechanisms apart from ca-
loric restriction are implicated. However, this result should
be interpreted with caution as our patients received system-
atic supplementation and their nutritional status was closely
monitored.

As metabolic disorders, such as insulin resistance and the
influence of leptin, affect female reproduction [32], one could
argue that rapid improvement in adipose-tissue dysfunction
and adipokines excess could impact on gonadal function.
Indeed, obese women have higher circulating levels of
leptin, which could lead to chronic downregulation of the
leptin receptor in the hypothalamus, and thus disrupt the
hypothalamic-pituitary-ovarian axes [33]. Besides, leptin ex-
pression has been observed in human granulosa cells [32].
Higher leptin-serum levels in obese women correlate with
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Fig. 1 Mean concentrations of anti-Mullerian hormone (AMH) (pmol/L)
at month M0, M6, and M12. * p < 0.05 compared to baseline, ** p < 0.01
compared to baseline

higher levels of leptin in follicular fluid. In vitro studies have
confirmed that leptin affects steroidogenic pathways in gran-
ulosa cells, decreasing estrogen and progesterone production
[6, 32]. Moreover, when studying a granulosa-cell model ex-
posed to leptin, Merhi et al. showed a decrease in AMH and
AMH-receptor-II mRNA expression, whereas adiponectin
treatment had no effect [34]. However, in accordance with
the literature, we found no correlation between serum-leptin
and serum-AMH levels [35]. Thus, we studied the impact of
insulin-resistance parameters, such as HOMA-IR,
adiponectin, and changes in leptin levels on changes in
AMH, and found no correlations. Further large studies are
nevertheless needed to confirm these findings.

One other supposition is that lipo-soluble toxic and endo-
crine disruptors present in adipose tissue could be released
during rapid weight loss and impact on AMH secretion by
granulosa cells [36, 37]. Indeed, several studies have

150+
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1Q0+ .. e o
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Fig. 2 Variations between M0 and M 12 for percentages of excess weight
loss (EWL) and levels of anti-Mullerian hormone (AMH). X axis
represents percentage of EWL; Y axis represent percentage of variation
in AMH
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identified a significant serum increase in persistent organic
pollutants (POPs) including biphenyls polychlorinated
(PCBs) at 6 and 12 months post-operatively [36, 38]. In
humans, POPs are stored primarily in adipose tissue but can
be released in the circulation after drastic weight loss.
Interestingly, POP content in adipose tissue and serum corre-
lated with biological markers of obesity-related dysfunctions
such as liver toxicity markers or lipid parameters independent-
ly of age and BMLI. [37].

Similarly, obesity has a negative impact on spermatogene-
sis that is multifactorial. Indeed, an alteration of the
hypothalamic-pituitary axis, a decrease in the secretion of tes-
tosterone, and hyperoestrogeny have been observed [39]. In
addition, it has been recently reported that epigenetic modifi-
cations of spermatozoids (DNA methylation, histone localiza-
tion, expression profile of noncoding RNA) may affect not
only reproductive functions but also epigenetic profile (nota-
bly metabolic) of transmitted descendants [39]. Donkin et al.
reported in their study changes in epigenetic profile of gam-
etes after bariatric surgery with a remodeling of sperm DNA
methylation [40]. However after bariatric surgery, the results
of drastic weight loss on spermatogenesis are contradictory
[41, 42]. Tt has been described in some cases an alteration of
spermatic parameters. Studies to better understand the impact
of bariatric surgery on spermatogenesis and investigations to
identify the gametic epigenetic variation with weight loss are
awaiting.

It is important to note that the decrease in AMH level is not
synonymous with a reduction in fertility [13] or a decrease in
ovarian reserve, but may be caused by damage to in-growth
follicles exposed to post-operative stress. A longer follow-up
is essential to conclude the impact of BS on ovarian reserve.

We chose to evaluate AMH levels because AMH is the first
biological marker of the ovarian reserve to change with ad-
vanced age, demonstrating longitudinal decline over
time compared with serum-FSH, inhibin B, or estradiol.
Moreover, AMH secretion is correlated with antral follicle
counts [12, 43]. Its variation throughout the menstrual cycle
and inter-cycles is small; it thus represents a unique marker for
ovarian reserve, regardless of menstrual timing [14].

Our study has several limitations, such as its retrospective
design and the small population size. We assumed that PCOS
patients were a specific population with a high risk of impair-
ment to ovarian quality and function; recent studies have fo-
cused on this particular population [10, 26]. However, exclu-
sion of PCOS patients did not significantly change our results.
Similarly, comparisons with a control group would have been
interesting in order to unmask the effect of time on ovarian
reserve. However, the reported physiological decrease of
AMH in women during 1 year is not as high as in year 1
post-BS [44, 45]. Moreover, the age distribution of our pa-
tients was wide (Supplementary fig. 1), but it is important to
distinguish patients under 35 years old from older patients.
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Indeed, age remains the main prognostic factor of women
fertility. Due to the decrease in ovarian reserve with age,
in vitro fecundation (IVF) results fall after 35 years [46].

In conclusion, despite a growing body of evidence suggest-
ing the efficacy of BS on female fertility by restoring sponta-
neous ovulation, its impact in pre-existing situations of de-
creased ovarian reserve remains controversial. This study
points to a possible negative impact of BS on ovarian reserve.
It would be interesting to conduct a prospective evaluation on
fertility by studying AMH levels, the pituitary—gonadal axis,
and antral follicular counts in older pre-menopausal obese
women undergoing BS. Bariatric surgery is the most efficient
therapy for weight loss but if it does have a deleterious impact
on ovarian reserve, we need to propose a fertility-preservation
program to pre-menopausal women before BS.
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