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Abstract

Hyperandrogenism, insulin resistance, and acanthosis nigricans (HAIR-AN) is a severe subphenotype of polycystic ovary syndrome (PCOS). A 32-
year-old woman with HAIR-AN and class 3 obesity presented to an endocrinology clinic after she failed sequential trials of treatment with
metformin, estrogen—-progestin OCP, spironolactone, leuprolide, and a levonorgestrel intrauterine device. She complained of hirsutism and
acanthosis nigricans severely affecting her quality of life and had secondary amenorrhea. Laboratory evaluation showed extremely elevated
testosterone and insulin levels and elevated glycated hemoglobin A;. (HbA;.). She underwent laparoscopic sleeve gastrectomy. One year
after the surgery, she lost 32% of her body weight and reported normalization of menses, dramatic improvement in hirsutism, and near-
resolution of acanthosis nigricans. Her testosterone, insulin, and HbA;. normalized. This case demonstrates the central role of
hyperinsulinemia in HAIR-AN and suggests that aggressive measures to normalize insulin resistance and reduce excess weight can
effectively treat the reproductive abnormalities in this syndrome. We suggest that bariatric surgery can be an effective cure for HAIR-AN
syndrome and that PCOS, including HAIR-AN, should be considered a comorbidity of obesity during evaluation of bariatric surgery candidates.
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Androgen excess disorders, mainly polycystic ovary syndrome
(PCOS), affect approximately 10% of women of childbearing
age and increase the risks of many comorbidities including
type 2 diabetes, cardiovascular disease, obstructive sleep ap-
nea, and others. Hyperandrogenism, insulin resistance, and
acanthosis nigricans (HAIR-AN) syndrome is a severe subphe-
notype of PCOS. Patients with HAIR-AN present with severe
insulin resistance, in addition to features of PCOS (oligome-
norrhea or amenorrhea secondary to oligo-ovulation or anov-
ulation, clinical and/or biochemical hyperandrogenism, and
polycystic ovarian morphology). While some degree of insulin
resistance occurs in most cases of PCOS [1], the extreme sever-
ity of insulin resistance in HAIR-AN, believed to be due to
genetic defects in the insulin signaling pathway [2, 3], leads
to manifestations of acanthosis nigricans and central obesity.

HAIR-AN is both a metabolic and reproductive disease. It
manifests as an insulin paradox in which ovarian and adrenal
tissues remain sensitive to the stimulatory and mitogenic effects
of insulin, while major metabolic tissues including skeletal
muscle, liver, and adipose tissue are markedly insulin resistant
[3]. The resulting hyperinsulinemia stimulates ovarian growth
and androgen production and suppresses sex hormone-binding
globulin, resulting in increased circulating free androgens.

Insulin actions in keratinocytes lead to the development of
acanthosis nigricans, which, along with hirsutism, is often the
chief complaint of patients presenting with HAIR-AN.
Hyperandrogenemia stimulates high-frequency pulses of
gonadotropin-releasing hormone (GnRH), which favors lutein-
izing hormone release relative to follicle-stimulating hormone,
perpetuating ovarian hormone imbalance and leading to follicle
arrest, anovulation, and cystic follicles.

Diagnosis of HAIR-AN is primarily clinical and is sup-
ported by laboratory measurements, ovarian imaging, and ex-
clusion of other endocrinopathies. Medical management of
HAIR-AN typically includes targeting androgen excess and
hyperinsulinemia through a multipharmaceutical strategy, in
combination with lifestyle modifications to reduce excess
weight. Treatment with estrogen-progestin oral contracep-
tives, androgen receptor antagonist spironolactone, and 5-al-
pha reductase inhibitor flutamide has been reported [4] to
alleviate hirsutism. Metabolic derangements in HAIR-AN
are often targeted with the insulin sensitizer metformin. Use
of the glucagon-like peptide 1 (GLP-1) receptor agonist lira-
glutide was reported in a recent case series, resulting in im-
proved metabolic profiles and menstrual regularity [5]. Use
of the GnRH analogue leuprolide acetate has been reported
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as well. Most of these treatments resulted in only partial symp-
tomatic and aesthetic relief or required long-term therapy to
maintain therapeutic effect. Recently, sleeve gastrectomy
was reported to result in weight loss and normalization of in-
sulin sensitivity, but persistently elevated testosterone, in an
adolescent with HAIR-AN [6].

Here we report a case of nearly complete symptom reso-
lution, biochemical normalization of reproductive and meta-
bolic parameters, and resumption of menses in a 32-year-old
woman with HAIR-AN syndrome following sleeve gastrec-
tomy. This case supports the role of insulin resistance as the
primary driver of HAIR-AN and suggests that bariatric sur-
gery should be considered as a potentially curative treatment
for this syndrome.

Case Presentation

A 32-year-old nulliparous African American woman with a
past medical history of HAIR-AN syndrome and obstructive
sleep apnea was referred to the endocrinology clinic with chief
complaints of acanthosis nigricans and hirsutism. She re-
ported that her quality of life was negatively affected by dis-
tress due to worsening patches of thick, hyperpigmented
skin on her neck, chest, and underarms, and terminal facial
hair requiring daily shaving. She was also concerned about
weight gain and irregular menses. She had gained approxi-
mately 40 kg in the previous 7 years despite adhering to a
healthy diet as counseled by a registered dietitian and exercis-
ing regularly with a trainer. Her menstrual cycles had been ir-
regular and infrequent since menarche at age 14. Family
history was notable for diabetes, hypertension, hyperlipid-
emia, and stroke in her close relatives. Past surgical and social
histories were noncontributory.

Current medications included metformin 500 mg twice dai-
ly and a levonorgestrel 20 mcg intrauterine device. Prior med-
ical treatments had included sequential trials of metformin,
spironolactone, combined desogestrel-ethinyl estradiol oral
contraceptive (alone and in combination with a levonorgestrel
intrauterine device), and leuprolide in combination with nor-
ethindrone. She was unable to increase the dose of metformin
because of gastrointestinal side effects. Spironolactone was in-
effective for reducing hirsutism after 3 years of treatment.
Leuprolide treatment had resulted in normalization of her tes-
tosterone, but she discontinued it because of intolerable hot
flashes and depression. She had been evaluated for bariatric
surgery 4 years prior, but was deemed not a candidate because
of an insufficiently high body mass index (BMI) of 39 and lack
of obesity-related comorbidities.

Diagnostic Assessment

The patient was well appearing, with blood pressure of 129/
85 mm Hg and pulse of 88 beats/min. Her weight was
136 kg (299 b 12.8 oz), height was 1.753 m (5 feet 9 inches),
and BMI was 44.27. She had predominantly abdominal adi-
posity. Terminal hair was present on the chin and cheeks.
Patches of acanthosis nigricans were present on the dorsal
neck, underarms, and folds of skin on the abdomen and under
the breasts. The remainder of the exam was normal.

Prior diagnostic assessment was notable for elevated testos-
terone, insulin, glucose, and HbA . (Table 1). An endometrial
biopsy showed disordered proliferative endometrium. Pelvic
magnetic resonance imaging did not find an ovarian tumor,
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but showed enlarged ovaries (right, 4.7x3.2x4.1 cm and
left, 4.4x2.4%x4.9 cm) with abnormally large numbers of
mid-size follicles (approximately 20 follicles per ovary in a sin-
gle plane, Fig. 1). Transvaginal ultrasound confirmed polycys-
tic ovarian morphology and increased stroma and volume.
Screening for other endocrinopathies included normal
17-hydroxyprogesterone, thyroid function tests, prolactin,
and cortisol level drawn at 10:50 AM (see Table 1).

Treatment

The patient was referred to bariatric surgery for reevaluation.
She then underwent laparoscopic sleeve gastrectomy without
complications. Briefly, a 36-French tube was inserted along
the lesser curvature of the stomach and used as a guide to sta-
ple and remove the stomach tissue along the greater curvature.
Intraoperative findings included fatty liver. Peak weight loss at
1 year post operation was 47.5 kg.

Outcome and Follow-up

The patient presented to the endocrine clinic 14 months post
operation with total weight loss of 43.3 kg (32% of her pre-
operative body mass). She was not taking any medications.
She reported regular monthly menses, dramatic improvement
in hirsutism, and near-resolution of acanthosis nigricans. The
symptoms of HAIR-AN were no longer distressing to her.
Additionally, her obstructive sleep apnea had resolved.
Biochemical evaluation was notable for normal testosterone,
insulin, and HbA . (see Table 1). Pelvic ultrasound 7 months
post operation showed reduced ovarian volume compared to
the preoperative magnetic resonance imaging (right ovary,
17.5 vs 32.3 cc; left ovary, 12.8 vs 27.1 cc).

Discussion

HAIR-AN syndrome is a severe subphenotype of PCOS charac-
terized by a vicious cycle of hyperandrogenism and hyperinsuli-
nemia. Medical management is challenging and often insufficient
for symptom resolution. Our patient failed almost all available
medical treatments including metformin, spironolactone, and
combined oral contraceptive, and was unable to tolerate leupro-
lide. Treatment with GLP-1 receptor agonist was not attempted,
though literature suggests it can be effective for symptoms of
HAIR-AN [5]. However, she experienced dramatic resolution
of her symptoms alongside above-average weight loss after sleeve
gastrectomy. One year after the surgery, there was no clinical or
biochemical evidence of hyperandrogenism or insulin resistance,
and eumenorrhea was restored, suggesting that the bariatric pro-
cedure was curative for this patient. While bariatric surgery has
been studied extensively and shown to be effective in PCOS [7],
this is the first report to our knowledge of such a procedure to
normalize testosterone in a patient with HAIR-AN syndrome.
Many experts note that insulin sensitivity improves signifi-
cantly within hours after sleeve gastrectomy, and this im-
provement becomes more dramatic over the following
weeks. This case suggests that normalization of insulin resist-
ance and weight loss are sufficient to normalize the reproduct-
ive defects, including hormone imbalance and menstrual
irregularity, in HAIR-AN. While ample evidence points to
interconnections between androgen and insulin signaling
pathways in PCOS, this case demonstrates that the vicious
cycle of HAIR-AN can be interrupted by targeting
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Table 1. Laboratory values before and after surgery

Reference range

6y before surgery 6 mo before surgery 14 mo after surgery

Total testosterone 9-55 ng/dL (0.31-1.91 nmol/L)
Free testosterone

Bioavailable testosterone

Sex hormone-binding globulin 1.9-12.35 ug/mL (20-130 nmol/L)
13-166 pg/mL (47-609 pmol/L)
2.4-12.6 mIU/mL

3.5-12.5 mIU/mL

Estradiol
Luteinizing hormone

Follicle-stimulating hormone

Prolactin 4.8-23.3 ng/mL (209-1013 pmol/L)
Insulin 3-25 pIU/mL (21-174 pmol/L)
C-peptide 1.1-4.4 ng/mL (0.37-1.47 nmol/L)
Glucose 60-99 mg/dL (3.3-5.5 mmol/L)
Hemoglobin A, <5.6%

17-Hydroxyprogesterone <206 ng/dL (< 6.23 nmol/L)
TSH 0.27-4.20 pIU/mL

Free T4 0.9-1.7 ng/dL (11.6-21.9 pmol/L)
Cortisol N/A, pg/dL (nmol/L)

0.06-1.06 ng/dL (0.002-0.037 nmol/L)
2.2-20.6 ng/dL (0.076-0.715 nmol/L)

182 (6.32) 191 (6.63) 30 (1.04)
2.76 (0.096) 5.35 (0.186) 0.69 (0.024)
81.0 (2.811)
3.14 (33) 4.18 (44)
47 (173) 29 (106)
9.1 8.5
5.6 7.3
14.5 (630)
> 1000 (> 6945) 70 (486) 17 (118)
5.5 (1.83)
102 (5.7) 86 (4.8)
5.8 6.6 5.2
137 (4.15)
2.16
1.1 (14.1)
9.4 (259)

Laboratory values are shown in conventional units, with SI units in parentheses where applicable. Total testosterone was measured by liquid chromatography—
tandem mass spectrometry; free testosterone was measured by equilibrium dialysis; all other tests were performed with standard laboratory methods. For
estradiol, luteinizing hormone, and follicle-stimulating hormone, reference ranges for the follicular phase are reported. Empty cells represent missing

values. Values outside of the reference range are shown in bold.
Abbreviations: N/A, not available; T4, thyroxine; TSH, thyrotropin.

hyperinsulinemia and excess weight. It highlights the central
role of insulin resistance in this complex syndrome and sup-
ports a model of this disease in which insulin acts directly
on the ovary to stimulate androgen production. This effect
can be highly clinically significant: In a recent case report, a
patient with severe insulin resistance was treated with a
GnRH analogue resulting in gonadotropin suppression, but
experienced persistent multifollicular ovarian growth [8],
demonstrating the mitogenic actions of insulin on the ovary.

Figure 1. Axial plane view of pelvic magnetic resonance imaging. LO, left
ovary; RO, right ovary; U, uterus.

Contrary to the standard-of-care approach, which focuses
primarily on reduction of hyperandrogenism, we suggest
that aggressive measures to improve systemic insulin sensitiv-
ity should be considered when managing HAIR-AN syn-
drome. If there is no improvement after at least 1 year of
medical management, surgical approaches may be considered.
This may include a reconsideration of the current criteria for
bariatric surgery, which led to a delay in surgical treatment
for our patient until she developed class 3 obesity (BMI >
40). PCOS is associated with cardiovascular disease and
poor cardiovascular outcomes [9], while bariatric surgery re-
duces cardiovascular mortality [10]. We therefore suggest that
PCOS and HAIR-AN should be considered indications for
bariatric surgery in women with class 2 obesity (BMI 35-40).

Limitations in the evaluation and management of this patient
included the lack of conclusive testing to rule out Cushing syn-
drome and a missed opportunity to try treatment with a GLP
receptor agonist before proceeding with bariatric surgery.

Learning Points

e HAIR-AN is a severe manifestation of PCOS caused by in-
sulin signaling defects.
¢ Hyperinsulinemia can

production.
¢ Both reproductive and metabolic symptoms of HAIR-AN
can be effectively treated with bariatric surgery.

stimulate ovarian androgen
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