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Complete reversal of adult-onset isolated
hypogonadotropic hypogonadism with
clomiphene citrate
Stella Ioannidou-Kadis, M.D.,a Pat J. Wright, M.B., Ch.B.,b R. Dermot Neely, M.D.,c

and Richard Quinton, M.D.a

a Department of Endocrinology and c Biochemistry Department, Royal Victoria Infirmary and University
of Newcastle-upon-Tyne, Newcastle-upon-Tyne, United Kingdom and b Belmont Surgery, Durham, United Kingdom

Objective: Inhibition of pituitary gonadotropin secretion in men by T is principally mediated by aromatization to
estrogen (E), which inhibits hypothalamic secretion of GnRH. We hypothesized that adult-onset isolated
hypogonadotropic hypogonadism (IHH) might result from an altered central set-point for E-mediated negative
feedback.
Design and Setting: Longitudinal clinical investigation unit-based evaluation of the clinical and biochemical
response to E-receptor blockade.
Patient(s): A 31-year-old man presenting with an 18-month history of sexual dysfunction resulting from severe
adult-onset IHH (LH 1.7 U/L, FSH 2.0 U/L, T 3.5 nmol/L).
Intervention(s): Initial therapy with 50 mg of clomiphene citrate (CC) three times a day for 7 days, with overnight
LH pulse profiling and 9 AM T levels evaluated at baseline and on completion. A 2-month washout period,
followed by low-dose maintenance therapy (25–50 mg/d) for 4 months.
Main Outcome Measure(s): Baseline and stimulated T levels and LH pulsatility; effect on sexual function.
Result(s): Clomiphene therapy resulted in complete normalization of pulsatile gonadotropin secretion, serum T
level, and sexual function.
Conclusion(s): Isolated hypogonadotropic hypogonadism may result from an acquired defect of enhanced
hypothalamic sensitivity to E-mediated negative feedback. Whereas direct T replacement therapy can further
suppress endogenous gonadotropin secretion, treating IHH men with gonadotropins can stimulate endogenous T
secretion and enhance fertility potential. On theoretical grounds, reversal of gonadotropin deficiency with CC
might be expected to have a similar biological effect. (Fertil Steril� 2006;86:1513.e5–9. ©2006 by American
Society for Reproductive Medicine.)

Key Words: Hypogonadotropic hypogonadism, testosterone, estradiol, inhibin, clomiphene citrate, hypothalamus,
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solated hypogonadotropic hypogonadism (IHH) is defined bio-
hemically by low serum levels of gonadal steroids with low or
nappropriately “normal” gonadotropins, without wider ante-
ior pituitary dysfunction. This is termed Kallmann syn-
rome in the approximately 50% of cases with associated
nosmia. Isolated hypogonadotropic hypogonadism is clas-
ically congenital in origin; therefore, patients usually
resent with pubertal delay or primary amenorrhea, and at
east four genetic causes have been identified to date. In
ractice, the term IHH excludes patients with likely second-
ry etiologies, such as structural lesions of the hypothalamus-
ituitary region or systemic illness.

Organic IHH needs to be distinguished from the func-
ional suppression of the gonadotropic axis that is commonly
bserved in both acute and chronic illness, in proportion to
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isease severity. The latter is completely reversible with
reatment or remission of the underlying condition. Whether
his physiological response to systemic illness is adaptive or
aladaptive has not been adequately tested, and the clinical

ecision whether to institute replacement therapy in cases of
qual severity varies in practice according to the context and
he evidence base. Women with weight-related hypothalamic
menorrhea are usually given estrogen (E) replacement,
hereas high dependency unit/intensive therapy unit-based
atients with prolonged critical illness are not usually of-
ered treatment.

ATERIALS AND METHODS
linical Features of Presenting Case

31-year-old office administrator presented to a primary
are-based sexual dysfunction clinic with an 18-month his-
ory of reduced libido and severe erectile dysfunction. Initial
nvestigations confirmed hypogonadism (serum levels of T
.5 nmol/L, LH 1.7 U/L, and FSH 2.0 U/L), and he was
eferred for an endocrine opinion. He recalled a normal

uberty, consonant with his peers, and had conceived a
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aughter by his previous partner 5 years before. There was
o history of exposure to anabolic or sex steroids, and his
artner confirmed the absence of any symptoms of sleep
pnea. Although physically reasonably active, he was not a
ym attender. He had sustained a comminuted femoral frac-
ure in a road traffic accident 7 years before (which had not
nvolved any head trauma), and this had required several
perative interventions.

For the past 2 years, he had been receiving a stable and
uccessful drug regime for chronic pain in his left leg under
pecialist supervision, comprising 1 g of paracetamol twice a
ay, 15 mg of methadone three times a day, 7.5 mg of
opiclone, 100 mg of sertraline, and 15 mg of lansoprazole
aily. Although obese (height, 1.9 m; body mass index, 38
g/m2), he appeared systemically well, normotensive (blood
ressure 135/86 mm Hg) and was externally normally viril-

TABLE 1
09:00 Baseline anterior pituitary function.

Cortisol: 601 nmol/L (normal range: 190–650
nmol/L); 26 nmol/L at 17:00

PRL: 275 U/L (normal range: �450 U/L)
Free T4: 15 pmol/L (normal range: 11–23

pmol/L)
tT3: 2.9 nmol/L (normal range: 0.9–2.9 nmol/L)
TSH: 1.26 mU/L (normal range: 0.3–4.7 mU/L)
IGF-1: 10 nmol/L (consistent with age, sex,

and body mass index)
Normal blood count, ferritin, electrolytes, liver

enzymes, glucose, HbA1c.
GH pulsatile secretion preserved.
MRI scan: normal brain and pituitary
Ioannidou-Kadis. Adult-onset hypogonadotropic hypogonadism. Fertil Steril
2006.

TABLE 2
Baseline and CC-induced changes in endocrine

Analyte (normal range)
Baseline

(9 AM level)

50 mg th
times per

for 1 w

LH (3–13 U/L) �1.0 3.0
FSH (1.3–9.2 U/L) �1.0 2.6
E2 (�150 pmol/L) 75.0 197.0
T (9–25 nmol/L) 3.6 13.4
SHBG (13–71 nmol/L) 16.0 29.0
Free T (215–760 pmol/L) 96.0 295.0
Inhibin (0.6–2.5 kU/L) �0.5 –

Ioannidou-Kadis. Adult-onset hypogonadotropic hypogonadism. Fertil Steril 2006.

1513.e6 Ioannidou-Kadis et al. Adult-onset hypogonadotropic h
zed (G(enitalia) stage 5, P(ubic hair) stage 5, A(xillary hair)
tage 3, testes 25 mL) with intact olfaction and mild bilateral
atty gynecomastia.

aboratory Assays
erum gonadotropin concentrations were measured using
utomated two-site chemiluminometric immunoassays, us-
ng mouse monoclonal capture antibodies immobilized to
aramagnetic beads, and acridinium ester-labeled polyclonal
ignal antibodies (Advia Centaur System, Bayer Diagnos-
ics, Newcastle-upon-Tyne, United Kingdom); the sensitiv-
ty is 0.07 IU/L for FSH and 0.3 IU/L for LH. The E2 and T
oncentrations were measured using direct competitive
hemiluminescent immunoassays (Advia Centaur System);
he sensitivity is 37 pmol/L for E2 and 0.35 nmol/L for T.
he SHBG was measured by a two-site immunoradiometric
ssay (SHBG IRMA kit, Orion Diagnostica, Turku, Fin-
and). Free T was estimated using a mass action formula
ncorporating T and SHBG values (1). Inhibin concentra-
ions were measured using a one-step two-site ELISA (In-
ibin EASIA kit, Biosource Europe SA, Nivelles, Belgium).

anagement Plan
nitial investigations confirmed IHH, with the clinical history
nd features indicating adult-onset disease (Tables 1 and 2).
ossible secondary causes of gonadotropin deficiency in-
luded chronic pain, obesity, and opioids, although his over-
ll state of well-being was strikingly discordant with the
everity of hypogonadism (2). It is conceivable that adult-onset
HH could arise through an altered hypothalamic “gonadostat”
et-point, leading to enhanced negative feedback sensitivity
o sex steroids, with recent data underscoring the importance
f aromatization to E2 to the biological actions of T in men,
ncluding modulation of gonadotropin secretion. To ascer-
ain whether his reproductive axis was suppressed through

hemistry.

CC treatment

y Washout
(3 wk)

Washout
(8 wk)

25 mg/d
for 9 wk

50 mg/d
for 11 wk

4.1 �1.0 3.9 7.7
3.4 1.1 3.5 6.8

125.0 80.0 110.0 177.0
17.9 3.7 11.2 19.0
24.0 24.0 25.0 21.0

453.0 82.0 262.0 516.0
1.2 1.0 1.3 –
bioc

ree
da
k

ypogonadism Vol. 86, No. 5, November 2006



a
p

t
a
b
a
n
a
d
m
t

R
L
h
s
e
w
fl
t

q
u
n
r
r
a
i
t
l

a

n
w
p
h

D
B
c
a
i
l
h
a
c
s
a
o

b
d
f
n
p
i
o
i
o
b
w
u
t
a

w
s
m
m
b
fi
o
e
p
a

T
a
h
e
S
a
o
m
d

F

n E2-mediated effect, the patient was treated with clomi-
hene citrate (CC, 50 mg three times daily for 7 days).

Clomiphene is a long-established selective estrogen recep-
or modulator (SERM) with predominant antagonist activity
t the hypothalamus and pituitary estrogen receptor (ER),
eing a 62:38 mixture of enclomiphene (trans-isomer, E2

ntagonist) and zuclomiphene (cis-isomer, mixed E2 ago-
ist). After a single oral dose steady-state plasma levels are
chieved for 2–14 days, with a cumulative effect of repeated
oses resulting in biological action potentially lasting for 1–2
onths after cessation of intake (3). Throughout the period of

his study, his other medications remained unchanged.

ESULTS
ibido and sexual function normalized during the week of
igh-dose CC therapy and this clinical improvement per-
isted for 4–5 weeks after the end of therapy. He was able to
ngage in full penetrative intercourse and achieve orgasm
ith ejaculation. Although he experienced unpleasant hot
ashes within 1–2 days of starting CC, these resolved en-

irely within 2 weeks of stopping treatment.

There was a near-doubling of overnight LH pulse fre-
uency (mean interpulse interval falling from 170–110 min-
tes), with a markedly greater pulse amplitude consistent with
ormalization of GnRH pulse-generator activity (Fig. 1). Se-
um levels of total T and calculated free T normalized and
emained for �3 weeks, returning to baseline by 8 weeks
fter the end of treatment (Table 2). No significant changes
n testicular volume were recorded, and the patient declined
o provide serial semen samples, although serum inhibin
evels did normalize.

He subsequently chose to take low-dose daily oral CC as
n alternative option to direct androgen replacement or go-

FIGURE 1

The male hypothalamic-pituitary-testicular axis.
Black arrows indicate stimuli to secretion and red
arrows represent feedback inhibition of secretion.

Ioannidou-Kadis. Adult-onset hypogonadotropic hypogonadism. Fertil Steril
i2006.

ertility and Sterility�
adotropin therapy. Clinical and biochemical improvements
ere maintained in a dose-dependent manner for a 20-week
eriod (Table 2) and, unlike his experience with short-term,
igh-dose CC, hot flashes remained within tolerable limits.

ISCUSSION
aseline investigations confirmed IHH, with the history and
linical features indicating adult-onset disease. Idiopathic
dult-onset IHH is essentially a diagnosis of exclusion; most
ndividuals diagnosed with gonadotropin deficiency in adult
ife are either late presenting classic IHH or are likely to
arbor a defined secondary cause (4–6). Although obesity
nd chronic opioid use represented possible secondary
auses in this case, the striking degree of gonadotropin
uppression was more typical of critical illness and thus
ppeared discordant with our clinical appreciation of his
verall health and well-being.

Obesity-associated gonadotropin deficiency tends not to
e biochemically severe, and moderate doses of oral opioids
o not significantly affect hypothalamic-pituitary-testicular
unction (7, 8). Almost all the data for opioid-induced go-
adotropin deficiency derive from individuals with cancer
ain or opioid addiction (both situations where the underly-
ng chronic disease burden is high), or who were receiving
pioids intrathecally (9–12). We therefore leave open the
ssue of whether this individual harbored a compelling sec-
ndary cause of IHH. However, his complete clinical and
iochemical response to CC did contrast with individuals
ith classic idiopathic IHH, who are known to be entirely
nresponsive to CC, and for whom spermatogenesis induc-
ion is necessarily only achievable with gonadotropin ther-
py or pulsatile GnRH (13).

Testosterone is metabolized through two principal path-
ays in both peripheral tissues and the central nervous

ystem: by 5�-reductase to dihydrotestosterone (DHT), a
ore potent androgen receptor (AR) ligand, and by aro-
atase to E2. Testosterone itself has a critical role in em-

ryonic sex determination, with DHT then acting on Wolf-
an duct-derived structures to promote external virilization
f the fetus. However, many of the apparent biological
ffects of T ex utero are mediated by E2, evidenced by the
henotypes exhibited by men harboring defects of the
romatase and estrogen receptor (ER) genes (14).

Clinical studies of normal male subjects using infusions of
, E2, and DHT originally revealed that about two-thirds of
ndrogen-mediated inhibition of gonadotropin secretion in
umans was attributable to aromatization to E2, with a direct
ffect of T or DHT contributing the remaining one-third.
ignificantly, cotreatment with CC blocked the suppressive
ction of T, E2, and DHT on baseline and stimulated gonad-
tropin secretion (15). More recently studies using aro-
atase inhibition in normal men have established that the

irect central negative feedback effect of androgens is lim-

ted to inhibition of pituitary LH secretion. Aromatization to

1513.e7
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2 acts at the pituitary level, to directly inhibit both LH and
SH secretion, and is the sole mediator of sex steroid-
ediated feedback inhibition of hypothalamic GnRH secre-

ion (16, 17). Inhibin contributes additionally to direct inhi-
ition of pituitary FSH secretion (Fig. 2).

Aromatase inhibitors have been found to reverse gonado-
ropin deficiency in men with morbid obesity and premature
jaculation (18, 19). The gonadotropin deficiency of male
besity partly resides in enhanced adipose tissue-mediated
romatization of T to E2. However, a reduction in serum E2

evels through aromatase inhibition could have an undesired
dverse effect on bone density. Hence, the theoretical ad-
antage of using a SERM such as CC, which has a known
eneficial effect on bone density in hypogonadism (20).

Clomiphene was traditionally used to treat nonobstructive
ligospermia, although the evidence for efficacy was never
trong and with the increasing availability of assisted fertil-
zation techniques, its use for this indication has been tailing
ff. However, a recent multicenter study has shown more
ncouraging results (21). In addition, there is already a small
iterature on CC in male adult-onset IHH. Burge et al. (22)
eported complete reversal of severe IHH for 5 months in
n osteoporotic male endurance runner with 50 –100 mg/d
f CC.

More recently, Guay et al. (23) studied the therapeutic
esponse to 50 mg of CC three times a week for 4 months in
n impressive number of men (100�) with borderline IHH
nd a variety of chronic diseases. However, they focused on
ecovery of sexual function as the primary outcome and,
lthough a biochemical response was seen in all patients, the

FIGURE 2

LH pulsatility at baseline (red line) and after 1
week of treatment with 50 mg of clomiphene
citrate twice a day (blue lettering).

Ioannidou-Kadis. Adult-onset hypogonadotropic hypogonadism. Fertil Steril
2006.
tudy group was relatively heterogeneous—baseline free T

1513.e8 Ioannidou-Kadis et al. Adult-onset hypogonadotropic h
evels were borderline rather than frankly low, and LH
ulsatility was not examined. The case reported here there-
ore adds significantly to the body of evidence for enhanced

2 feedback sensitivity in adult-onset IHH and supports the
herapeutic use of CC citrate in selected individuals.

In conclusion, adult-onset hypogonadotropic hypogonad-
sm is rarely idiopathic and should be fully investigated to
dentify secondary causes and to exclude wider anterior
ituitary dysfunction. Serum T normal ranges are derived
rom data on healthy, rested young men sampled at 9 AM. An
pparently subnormal T level may be physiologic in relation
o an afternoon venipuncture or to concurrently low levels of
HBG.

The male reproductive axis in both health and disease is
ensitive to alterations in T to E2 metabolism and to modu-
ation of ER binding by SERMs. There are presently no
dequate prospective studies addressing the long-term role
f androgen replacement in men with functional IHH sec-
ndary to systemic disease. However, in selected individuals
ith adult-onset IHH, long-term therapy with CC may rep-

esent a viable alternative to conventional androgen replace-
ent or to gonadotropin therapy.

Significant advantages of CC in responsive individuals
nclude convenience (a single daily tablet) and overall res-
oration of the hypothalamic-pituitary-testicular axis. Al-
hough seminal fluid analysis was not performed in the
ndividual presented here, normalization of serum inhibin
evels from an undetectable baseline did suggest recovery of
ertoli cell function accompanying the reversal of IHH. The

herapeutic potential of CC has not escaped the pharmaceu-
ical industry and clinical trials of enclomiphene (trans-
somer) have already been undertaken in primates and hu-
ans with encouraging results (24).

cknowledgments: The authors thank Ron Wiehle, Ph.D., of Zonagen Inc.,
he Woodlands, TX, for his comments and insights when the data were
resented in poster form at the 12th International Congress of Endocrinol-
gy, Lisbon, Portugal.
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