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Objective: To compare hormonal and clinical responses to GnRH pulsatile treatment in weight-recovered anorexia nervosa patients
(Rec-AN) with persistent functional hypothalamic amenorrhea (HA) vs. in patients with secondary and primary HA.

Design: Retrospective, observational, ambulatory study.

Setting: University hospital.

Patient(s): Forty-one women: 19 Rec-AN (body mass index >18.5 kg/m? without menses recovery), 15 secondary HA without any
eating disorders patients (SHA), and 7 primary HA patients (PHA).

Intervention(s): Gonadotropin-releasing hormone pulsatile therapy.

Main Outcome Measure(s): Baseline E,, LH, and P plasma levels and their changes during induction cycles; ovulation, follicular
recruitment, and pregnancies.

Results: The Rec-AN group displayed higher basal E, and LH plasma levels after GnRH injection compared with SHA and PHA. Higher
E, and LH levels were observed during induction cycles in Rec-AN compared with SHA and PHA. Follicular recruitment was higher in
Rec-AN. The ovulation rate was higher in Rec-AN compared with PHA but similar to SHA.

Conclusion(s): This study showed increased gonadal status and higher E, response to pulsatile GnRH therapy in persistent amenorrheic
weight-recovered AN compared with HA from other causes. It suggests that their individual set-point of body weight allowing a fully
functional gonadal axis is not reached yet. Specific factors of gonadal inertia in Rec-AN still remain unclear. (Fertil Steril® 2017;107:
502-9. ©2016 by American Society for Reproductive Medicine.)

Key Words: Anorexia nervosa, hypothalamic amenorrhea, pulsatile GnRH therapy

Discuss: You can discuss this article with its authors and with other ASRM members at https://www.fertstertdialog.com/users/
16110-fertility-and-sterility/posts/12850-22853

norexia nervosa (AN) is an
A eating  disorder  affecting
mainly women (1, 2). It is
characterized by self-starvation leading

to noninflammatory undernutrition and
hormonal changes (3), such as blunted

leptin plasma level, low insulin-like
growth factor type 1 (IGF-1) plasma
level, low free tri-iodothyronine (T3)
syndrome, and high cortisol plasma
level (4). Despite recent modification in
the Diagnostic and Statistical Manual
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of Mental Disorder definition (5), AN is
also associated with a functional hypo-
thalamic amenorrhea in women,
defined by the inability for the hypo-
thalamus to deliver pulsatile GnRH
secretion, leading to blunted func-
tioning of the gonadotropic axis (4).
Menses resumption during the
weight gain process is still relevant for
nutritional recovery monitoring. Un-
fortunately, weight gain recovery
above the lower limits of weight
normality associated with normaliza-
tion of the altered nutritional markers
cited above, although indispensable, is
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not always sufficient to restore the gonadotropic function in
AN patients (1). An individual set-point of body weight and
body composition was indeed suggested (6), but the underly-
ing causes of persistent amenorrhea despite full weight recov-
ery still need to be explained and/or explored (7).

In clinical practice, fertility can be restored in hypothalam-
ic amenorrhea patients using pulsatile GnRH therapy with a
pump, to re-establish GnRH pulse (8-11). This medical
device, installed either IV or SC, delivers pulsatile doses of
GnRH every 90 minutes. Contrary to other assisted
reproductive technologies, it replicates normal physiology by
stimulating normal secretion of LH and FSH from the
pituitary, allowing physiologic maturation of ovarian
follicles. The efficacy and safety of this device has been
tested in several studies in the past, with cumulative
pregnancy rates between 70% and 93% after an average of
six cycles of induction, pregnancy rate per cycle between
18% and 45%, and ovulation rate per cycle between 70%
and 95% in hypothalamic amenorrhea patients (12-17).
Unfortunately, underweight patients were frequently
included in those studies, questioning the possible high
number of weight nonrecovered AN patients using this
assisted reproductive procedure. On the other hand, only a
few retrospective studies have been conducted in AN
patients. Small numbers and heterogeneity of the studied
populations were the main limitations of these trials, mixing
indeed sometimes weight-recovered and nonrecovered pa-
tients (12, 18, 19). The induction procedure was also different
in terms of hormonal pretreatment and using different
methods of luteal phase sustaining procedure, sometimes in
the same retrospective study. To date, data on hormonal
changes and fertility restoration with GnRH treatment in
persistent amenorrheic weight-recovered AN are rare. In addi-
tion, comparison data on the hormonal response of this entity
with primary and secondary hypothalamic amenorrhea not
related to eating disorders is also lacking.

The primary purpose of our study was therefore to
compare pituitary and gonadal responses to GnRH pulsatile
treatment in three well-defined female groups with hypotha-
lamic amenorrhea: [1] weight-recovered AN patients with
persistent amenorrhea, [2] patients with secondary hypotha-
lamic amenorrhea with no eating disorders, and [3] patients
with primary hypothalamic amenorrhea of other causes. Com-
parison of the pregnancy success rate among the different
groups as a clinical outcome was our secondary purpose.

MATERIALS AND METHODS

Ethics

This was a retrospective, observational, monocentric study.
The local institutional research and ethics committee of

Saint-Etienne, France approved the study. Data collection
continued from August 2001 to March 2013.

Subjects

Forty-one female ambulatory patients with hypothalamic
amenorrhea, seeking pregnancy and eligible for pulsatile

Fertility and Sterility®

GnRH therapy in our center, were included in this study (no
LH pulse, evaluated by blood sampling every 10 minutes dur-
ing 4 hours; no polycystic ovary syndrome [PCOS] [20];
strictly normal hysterosalpingogram and normal partner’s
semen evaluation, interpreted according to recommendations
at the time they were performed).

Patients were divided among three groups according to
the underlying cause of their hypothalamic amenorrhea, as
follows.

Nineteen women with persistent amenorrheic weight-
recovered anorexia nervosa (Rec-AN) were included.
Weight-recovered was defined as body mass index
>18.5 kg/m” and no biological markers of undernutrition
(free T3, IGF-1, and cortisol). All patients had previous agree-
ment of the psychiatrist in charge of their treatment.

Fifteen patients with primary hypothalamic amenorrhea
(PHA), for whom menstruation never started, were also
included. Eight of 15 patients tested positive for genetic Kall-
man syndrome.

Seven patients had secondary hypothalamic amenorrhea
(SHA), defined as cessation of menstruation cycles for more
than 6 months, but no eating disorder and undernutrition his-
tory. In five patients a psychological trauma preceding amen-
orrhea could be identified (one sexual harassment, two ended
a relationship, and two aggressions).

Exclusion criteria were PCOS, tubal obstruction, endome-
triosis, undernutrition, and sperm abnormalities.

Infusion Pump Procedure

Gonadotropin-releasing hormone pulsatile therapy was
administered using a portable SC infusion pump (Zyklomat,
Ferring SA) containing 3.2 mg of GnRH (Lutreref, Ferring
SA). Frequency and dose were set up according to previously
published data (13): 20 ug every 90 minutes during 4 weeks.

No estroprogestative pretreatment was administered to
any patient before the pulsatile GnRH therapy. The pump
was then placed on the abdomen of the patient for delivering
GnRH SC for 4 weeks. The device was maintained during all
the induction cycle (defined as pulsatile GnRH therapy for
4 weeks), and no other hormonal treatment was added to
trigger ovulation or to support luteal phase. Conception
occurred upon intercourse.

Study Design

Each patient underwent the same procedure throughout the
study.

At baseline visit, data were gathered on weight, height,
and age, as well as from initial hormonal and nutritional
assessment (leptin, free T3, IGF-1). Cortisol over 24 hours
was recorded, to eliminate other endocrine diseases leading
to hypothalamic amenorrhea. Baseline gonadotropin plasma
levels (E,, LH, and FSH) were also measured, as well as LH
and FSH response 30 minutes after IV injection of 100 ug
of GnRH. Luteinizing hormone pulse was evaluated by blood
sampling every 20 minutes during 4 hours.

The SC infusion pump was then placed on the patient,
who was educated in managing the device. Frequency and
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doses were, as mentioned above, set up at 90 minutes during
4 weeks. The device was not removed until the end of the
cycle.

The induction cycle was repeated with the same proced-
ure if no pregnancy occurred.

During each induction cycle, blood samples were
collected every 3 days to assay E,, LH, and P plasma levels.
Ambulatory ultrasound was performed every 3 days, and
the number of ovarian follicles was recorded.

Adverse effects (multiple pregnancies; clinical ovarian
hyperstimulation syndrome, defined as abdominal pain,
nausea, abdominal effusion, and increased ovarian volume
[21]; pain or infection at the puncture site; and reactivation
of eating disorder) were recorded regularly.

The threshold of 5 ng/mL of P was considered to define
the occurrence of ovulation (22). Pregnancy was considered
as valid after the birth of a living baby.

Blood Sampling and Ultrasound Evaluation

Estradiol (ng/L), FSH (U/L), free T3 (pmol/L), cortisol (nmol/L),
and LH (U/L) were assayed by Cobas 8000 (Roche Laboratories);
IGF-1 (ug/L) by YSIS (IDS) and leptin (ng/mL) by immunoenzy-
matic assay and ELISA. IGF-1 (ug/L) were assayed by electro-
chemiluminescence on COBAS PLC. Luteinizing hormone (U/
L) was assayed by electrochemiluminescence on ABBOTT and
leptin (ng/mL) by immunoenzymatic assay and ELISA. Follic-
ular recruitment was considered effective when the presence of
a follicle >14 mm on ultrasound was observed.

Follow-up assay and ultrasound were performed in the
ambulatory position by a single operator for each patient.

Statistical Analysis

All values are presented as mean + SEM. A nonparametric
Mann-Whitney test was used to compare baseline parameters,
number of pregnancies, ovulation rate, and follicular recruit-
ment between groups. A two-factor repeated-measures anal-
ysis of variance followed by post hoc test was used to compare
LH and FSH values in the pulse tests and changes in E, and LH
plasma levels during cycles of induction between the groups.
Because conception occurred upon spontaneous intercourse,
all cycles with and without ovulation and fecundation were
pooled in statistics analysis and figures. Statistical signifi-
cance was set at P<.05. All statistical analyses were per-
formed with StatView 4.5 software (Abacus Concepts).

RESULTS
Baseline Characteristics

Weight and body mass index was significantly decreased in
Rec-AN compared with SHA (P=.0001 and P=.0001, respec-
tively). However, no differences were observed for leptin, free
T3, cortisol, ACTH, and IGF-1 between the groups (Table 1).
Gonadotropic initial assessment showed that E, was
significantly increased in Rec-AN compared with PHA
(P=.0001) and SHA (P=.001). Follicle-stimulating hormone
was also significantly higher in Rec-AN than in PHA
(P=.009) (Table 1). Analysis of variance of pulse evaluation

TABLE 1

Baseline characteristics.

Rec-AN SHA PHA

Characteristic (n=19) (n=15) (n=7)
Age (y) 27.8+0.8 29.1+1.3 253+ 14
Weight (kg) 50.7 + 2.3 57.6+27  724+46°
Height (m) 1.63£0.12 1.65 + 0.02 1.64 £+ 0.02
Body mass index 19.1 £ 0.6 213+ 1.1 26.8 4+ 1.3°

(kg/mz)
Leptin (ng/L) 81+22 141 +7.2 84425
Free T3 (pmol/L) 34+04 51+1.2 4.0+0.3
24-h mean cortisol 136.6 =53.4 164.2 £95.7 156.6 & 19.6

(nmol/L)
IGF-1 (ug/L) 193.5+24.1 208.1+37.6 177.5+34.6
E; (ng/L) 212+ 26 123 +1.8° 13.6 £ 3.2°
FSH (U/L) 5.8+ 0.6 55+0.8 1.6 + 0.6*°
LH (U/L) 23+05 2.8 +0.6 1.2+0.8

Note: Data are expressed as mean =+ SEM.
@ P< .05 vs. Rec-AN.
b P< .05 vs. SHA.

Germain. GnRH pulsatile therapy in anorexia nervosa. Fertil Steril 2016.

of LH plasma level showed no change in values during the
4-hour sampling in all groups.

After the injection of 100 ug of GnRH, LH plasma levels
significantly increased at 30 minutes in all groups (P=.001
in Rec-AN, P=.03 in PHA, and P=.0016 in SHA) (Fig. 1A
and B). The LH plasma level after GnRH injection was also
significantly higher in Rec-AN (27.7 £+ 4.9 U/L) than in
PHA (14.3 + 4.4 U/L, P=.05) and SHA (10.8 £+ 2.6 U/L,
P=.008) (Fig. 1A). The FSH plasma level also significantly
increased 30 minutes after the injection of 100 ug of GnRH
(P=.0016 in Rec-AN, P=.02 in PHA, and P=.0013 in SHA),
without any difference between the groups (Fig. 1B).

Clinical Monitoring of Inductions Cycles

A total of 146 inductions cycles were analyzed (Table 2). Sixty-
four inductions were performed in the Rec-AN group. Four of
them underwent two sets of induction at different moments of
their lifetime. Forty-nine inductions were performed in the
SHA group. Three SHA patients had two sets of induction cycles
at different moments of their lifetime. Finally, 33 inductions were
performed in the PHA group. Two PHA patients had two sets of
induction cycles at different moments of their lifetime. The
average number of inductions per set was significantly higher
in PHA compared with SHA (P=.03) but similar to Rec-AN.

Follicular recruitment was higher in Rec-AN compared
with SHA (P=.02) and PHA (P=.006). No differences were
observed between PHA and SHA (P=.5).

Twenty-six pregnancies were observed (positive fetal heart-
beat) during the study period: 14 in Rec-AN patients for 12 live
births, 11 in the SHA group for 8 live births, and 1 in the PHA
group for 1 live birth. The cumulative pregnancy rate (positive
fetal heartbeat) for Rec-AN was 74% (63% for live birth), 73%
(53% for live birth), and 14% (14% for live birth) for PHA
(P=.03 and P=.01 in PHA vs. SHA and Rec-AN, respectively).

Five miscarriages were observed, two in the Rec-AN
group and three in the PHA group. One twin pregnancy was
noted in a twin family in the Rec-AN group. No adverse event
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Germain. GnRH pulsatile therapy in anorexia nervosa. Fertil Steril 2016.

related to the catheter was recorded. No episode of ovarian
hyperstimulation and one episode of excessive response
occurred. It is of note that re-emergence of an eating disorder
occurred in three Rec-AN patients. One happened during
pregnancy with bulimic crisis and two after delivery with
restrictive eating behavior, one immediately after delivery
and the other in less than 6 months.

None of the patients recovered gonadal functioning after
the induction cycle and/or after delivery.

Hormonal Monitoring of Induction Cycles

Ovulation rate, based on P plasma level, was similar between
Rec-AN and SHA (84% = 0.5% in Rec-AN and 78% = 0.7 %
in SHA, P=.5 vs. Rec-AN) but lower in PHA (36% = 1.0 %,
P=.0001 vs. Rec-AN and P=.001 vs. SHA) (Table 2).
Analysis of E, plasma level changes over inductions is
presented in Figure 2A. Estradiol increased physiologically
during the follicular phase and decreased during the luteal
phase in the three groups. In Rec-AN the E, plasma level
increased significantly higher than in the other groups from

day 3 to day 21, with a maximum peak after 10 days of
GnRH pump treatment (326.8 + 50.8 ng/L in Rec-AN; 142.2
+ 23.7 ng/L in SHA, P=.009 vs. Rec-AN; 71.2 + 21.6 ng/L
in PHA, P=.001 vs. Rec-AN). The mean plasma level of E,
in Rec-AN was significantly elevated compared with the other
groups (210.9 £ 26.9 ng/mL in Rec-AN; 110.9 + 13.2 ng/L in
SHA, P=.0032 vs. Rec-AN; 57.3 + 10.5 ng/L in PHA,
P=.0002 vs. Rec-AN). The mean plasma level of E, was
significantly higher in SHA than in PHA (P=.0053).
Analysis of LH plasma level changes over the inductions is
presented in Figure 2B. Luteinizing hormone plasma levels
increased in the follicular phase and decreased in the luteal
phase in the three groups. The LH plasma level peak was signif-
icantly higher in Rec-AN (13.1 + 2.1 U/L) compared with PHA
(6.2 £ 2.5, P=.03) but similar to SHA (10.4 + 3.7, P=.4). Inter-
estingly LH peaked later in Rec-AN than in SHA and PHA (af-
ter 5 days vs. 3 days of treatment). The mean LH plasma level
during induction cycles was significantly higher in Rec-AN
(8.01 + 0.74 U/L) than in PHA (4.2 + 0.39 U/L, P=.0013)
but similar to SHA (6.9 4 0.64 U/L, P=.27). The mean LH
plasma level was higher in SHA than in PHA (P=.0035).
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TABLE 2

Clinical monitoring of inductions.
Variable

No. of patients

No. of induction cycles

No. of induction cycles per set (min-max)

Percent ovulation rate

Total no. of clinical pregnancies (positive fetal heartbeat/live birth)
Percent cumulative pregnancy rate (positive fetal heartbeat/live birth)
Percent maximum follicular recruitment rate

Eating disorder reactivation, n

Excessive response, n

Note: Data are expressed as mean + SEM unless otherwise noted.
? P< .05 vs. Rec-AN.
® P< .05 vs. SHA.

Germain. GnRH pulsatile therapy in anorexia nervosa. Fertil Steril 2016.

DISCUSSION

This study is the first to show data on well-phenotyped hypo-
thalamic amenorrhea patients.

The main result of this study is the discrepancy between
the groups in hormonal and clinical monitoring of the induc-
tion cycle. Indeed, weight-recovered AN exhibited a higher
baseline E, plasma level compared with the other groups.
Moreover, the LH response to GnRH injection was higher in
weight-recovered AN compared with the other groups. These
data suggest a higher baseline gonadal tone in weight-
recovered AN than in hypothalamic amenorrhea from other
causes. Those data are strengthened by hormonal changes
during induction cycles showing higher E, all along the in-
duction cycle and a higher LH peak, as well as a greater follic-
ular recruitment and higher ovulation rate. This is in line with
a study published in 1986 showing a high ovulation rate in
AN patients (19). All those data suggest that the remaining
blunted gonadal axis seems to be less pronounced and/or
more prone to be stimulated in those persistent amenorrheic
weight-recovered AN than in the non-nutritional hypotha-
lamic amenorrheic patients, even if none of the patients
recovered functioning gonadal axis after delivery.

This “over ability” to be stimulated in weight-recovered
AN is surprising because those patients are thinner than the
other patients, even if they recovered a body mass index
above 18.5 kg/m? and displayed no significant obvious bio-
logical markers of undernutrition. This could be explained
by a rebound effect of the gonadal axis after being blunted
by undernutrition: it has been shown in several studies that
LH response could increase after weight recovery and could
be higher than in controls (23-25).

This could explain why those weight-recovered anorexia
nervosa patients do not recover their menses despite body
weight gain resumption, suggesting that the individual set-
point of body weight allowing a fully functional gonadal
axis is not reached yet in those patients. In underweight AN
indeed, loss of LH pulse is explained by a decreased fat mass
associated with blunted leptin plasma level and lack of kiss-
peptin (26), hypercortisolism, and growth hormone axis ab-
normalities (27). Adaptive high ghrelin level is also able to

Rec-AN (n=19) SHA (h=15) PHA (n=7)
19 15 7
64 49 33
2.5+ 0.2 (1-8) 2.1 4+0.1(1-5) 2.8+ 0.3(1-8)°
84 + 0.5 78 +0.72 36 + 1.0%P
14/12 11%/82 |25y
74/63 73/53 14/14%°
100 + 0.0 88.2 + 5.6 82.1 & 7.4%°
3 NA NA
1 0 0

blunt LH pulse as part of the multiple causes of the hypotha-
lamic amenorrhea found in AN (28). Moreover, opioid and
endorphin excesses due to high stress levels are also able to
block the gonadotropic axis (29, 30). Finally excess physical
activity, frequently seen in AN, leads to both opioid excess
and a relative decrease in fat mass due to increase in muscle/
free fat mass. These abnormalities contribute to perpetuating
hypothalamic amenorrhea (28, 29, 31). Those latter
parameters were not evaluated in this study. Recently,
injection of recombinant kisspeptin or naloxone has been
shown to restore LH pulse (32-35). Finally, the “over ability”
to be stimulated by pulsatile GnRH therapy suggests that the
gonadal axis in persistent amenorrheic weight-recovered AN
women is functional and that little should be needed to trigger
it on. It would be of interest to fully explore those recovered
AN patients with regard to their hormonal/nutritional status.
However, pulsatile secretion of GnRH is dependent on many
factors, some of which cannot be explored in vivo.

This study also showed the difference in hormonal change
between primary and secondary hypothalamic amenorrhea,
with higher response in secondary hypothalamic amenorrhea.
Even if these data need to be analyzed with caution with re-
gard to the low number of patients in each group, it is in
line with a recent study showing that primary genetic hypo-
thalamic amenorrhea was less responsive than controls to
GnRH pulsatile therapy (36), even if it remains one of the rec-
ommended treatments (11). It would be of interest to differen-
tiate organic from functional etiologies, to better understand
those discrepancies between the groups.

This retrospective study shows a global efficacy and toler-
ability of pulsatile GnRH therapy in persistent amenorrhea
weight-recovered AN patients, with a cumulative rate of birth
with living babies of 63%. This lower rate compared with pre-
vious published studies is explained by the fact that we
included in the statistical analysis only the pregnancy leading
to a living baby and excluded miscarriages (22). Besides, this
efficacy was obtained without luteal-phase sustaining treat-
ment or triggering ovulation, as is sometimes proposed (18).
No complication occurred during all these simple procedures,
with well-phenotyped patients in whom PCOS was excluded.
Pulsatile GnRH therapy has been shown to be more effective
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than exogenous gonadotropins therapy, but patients were less
phenotyped than in our study (37); no study has compared so
far pulsatile GnRH therapy and exogenous gonadotrophins in
recovered AN. However, our data along with literature could
suggest that pulsatile GnRH therapy is a good choice of treat-
ment in hypothalamic amenorrhea, without side effects.

Finally, the reactivation of three cases of eating disorder
in our study leads us to wonder whether medicine should
always absolutely meet the desire of pregnancy of AN
patients, despite their fragile psychological and nutritional
conditions. It thus seems necessary to check whether this
intervention contributes to the cure of the disease or its recur-
rence. It seems important to be able to properly and carefully
check on both nutritional and psychiatric status before start-
ing pulsatile GnRH therapy in a multidisciplinary consulta-
tion meeting, considering the possible adverse consequences
of the reactivation of such a disorder on the course of
pregnancy (38) and the health of the unborn child in terms
of low birth weight or prematurity (39, 40). This beforehand
checking seems critical with regard to frequent underweight
patients included in GnRH published series.

This study could raise some limitations. The small number
of patients is counteracted by the high phenotyping of the
groups. The ambulatory setting of this real-life study was
highly monitored in the same place and by the same operator
for each patient. Most importantly, our pulsatile GnRH ther-
apy procedure was reproductive for all patients and shows
significant discrepancies between well-phenotyped groups.

In conclusion, this study confirmed that pulsatile GnRH
therapy is safe and efficient treatment in hypothalamic amen-
orrhea. It mainly showed both increased gonadal status and
higher E, response to pulsatile GnRH therapy in persistent
amenorrheic weight-recovered AN patients than in the other
causes of hypothalamic amenorrhea. This could suggest that
their individual set-point of body weight allowing a fully
functional gonadal axis is not reached yet. Fully and compre-
hensive evaluation of hormonal complications of undernutri-
tion may be helpful to phenotype patients who need to
improve their nutritional status even if the weight is
recovered.
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