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Abstract
Background Polycystic ovary syndrome (PCOS) is a common endocrinopathy affecting women of reproductive age. Common
features include menstrual irregularities, hyperandrogenism and polycystic ovarian morphology although the presentation can be
heterogeneous. Insulin resistance is thought to be responsible for the hormonal and metabolic derangements observed. PCOS has
two phenotypes, overweight/obese and lean, the latter being a much less common presentation of the syndrome.
Aims The aim of the present review is to summarise cardinal features, and to devise diagnostic and treatment algorithms for lean
PCOS based on recent literature.
Methods We searched PubMed, EBSCOhost and Google Scholar using search terms such as ‘lean polycystic ovary syndrome’
OR ‘lean polycystic ovarian syndrome’OR ‘lean PCOS’OR ‘lean polycystic ovary disease’OR ‘lean polycystic ovarian disease’
OR ‘lean PCOD’OR ‘hyperandrogenism’AND ‘low BMIOR ‘low bodymass index’ to identify potential articles to be included
in the review. Citation searches were subsequently performed in order to find relevant literature.
Results Hormonal, metabolic and haematological profiles were altered in lean women with PCOS compared to healthy coun-
terparts. However, the derangements were either comparable or less obvious compared to obese women with the syndrome.
Insulin resistance seemed inherent in PCOS independent of obesity. Treatment options included weight maintenance, restoration
of ovulation with insulin-sensitizers such as metformin, relief of symptoms such as hirsutism, acne and menstrual dysfunction,
and assisted reproductive technologies in refractory cases, all of which showed promising results. The literature with evidence on
lean PCOS is of low to moderate quality and there are still some uncertainties in the evidence base.
Conclusion Carefully designed randomised controlled trials are required to confirm findings of previous studies in lean PCOS
and to consolidate diagnostic and management algorithms proposed in this review. This paper will aid health professionals to
improve their clinical approach in managing lean women with PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a heterogeneous
endocrinopathy affecting 4–8% of women of reproductive

age [1–5]. It is the commonest cause of anovulatory infertility,
and around 90–95% of women with anovulatory infertility
presenting to infertility clinics are affected by the syndrome
[6]. Characteristic features include polycystic ovaries, men-
strual disturbance and hyperandrogenism. Up to 70% of wom-
en with hyperandrogenism present with hirsutism, or excess
body hair. Acne is also a marker of hyperandrogenism, albeit
rare and less specific [7, 8].

Although a majority of cases with PCOS are obese/over-
weight, a small but significant proportion of patients present
with normal body mass index (BMI; ≤25 kg/M2) that makes
diagnostic work up and therapeutic approach more difficult.
These cases are termed as lean PCOS. Other endocrine and
genetic disorders with similar clinical picture need to be ex-
cluded in such cases before the clinicians can make
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appropriate management plans. With the aid of up to date
scientific literature, we discuss the evidence based diagnostic
approach and therapeutic algorithm for patients with lean
PCOS in this review.

Methods

We searched EBSCOhost, accessed via the Lancaster
University Library website, PubMed and Google Scholar
using the terms ‘lean polycystic ovary syndrome’ OR ‘lean
polycystic ovarian syndrome’ OR ‘lean PCOS’ OR ‘lean
polycystic ovary disease’ OR ‘lean polycystic ovarian dis-
ease’ OR ‘lean PCOD’ OR ‘hyperandrogenism’ AND ‘low
BMI’ OR low body mass index’. Limits were applied to in-
clude only articles published in English between 2003 and
2017. Relevant articles were chosen from the search results
and subsequent citation searches of papers were performed.

Pathophysiology of PCOS

PCOS remains an enigmatic condition, despite years of re-
search [8]. The pathophysiology is complex and is thought
to be a result of interactions between genetics, epigenetics,
ovarian dysfunction, endocrine, neuroendocrine and metabol-
ic alterations, amongst other changes [9].

Ovarian pathology is a major element of PCOS [9]. In a
normal fertile female, a single follicle matures and undergoes
ovulation from a pool of primordial follicles present in the
ovaries since birth. The rate at which primordial follicles are
selected for growth is strictly controlled, in order to maintain
ovarian reserve and ensure fertility is intact [10]. In PCOS, an
imbalance between androgens, anti-Müllerian hormone
(AMH) and follicle stimulating hormone (FSH), cause a halt
of follicular growth [11]. AMH is produced by ovarian granu-
losa cells and is important in preventing primordial follicles
from transitioning into primary follicles. The characteristic
polycystic appearance of ovaries in PCOS is due to large num-
bers of primordial follicles growing and undergoing subsequent

growth arrest [9]. High luteinising hormone (LH) levels are
required for androgen synthesis by ovarian theca cells. High
LH combined with low FSH levels and decreased oestradiol
synthesis through the conversion of androgens results in
anovulation due to the absence of a dominant follicle [12].

Insulin resistance (IR) is another important component of
PCOS [9]. IR results from inadequate tissue utilisation of in-
sulin for glucose metabolism. Although the exact mechanisms
are yet to be elucidated, genetic, intra- and extra uterine factors
and adaptations to consumption of high energy food items are
considered to be factors causing IR in PCOS [13]. Puberty is
also thought to have a major effect on hyperinsulinaemia and
IR. During puberty, there may be a temporary increase in
insulin levels and IR. Subsequent elevations in insulin-like
growth factor-1 (IGF-1) and growth hormone levels mean that
more amino acids are available for growth [14]. During puber-
ty, only glucose metabolism is affected by IR while protein
metabolism is spared [15]. In PCOS, IR affects the liver, adi-
pose tissue and skeletal muscles. However, the steroidogenic
ovaries and adrenal glands remain sensitive to the actions of
insulin [16]. Another effect of insulin is to decrease sex hor-
mone binding globulin (SHBG) synthesis in the liver, resulting
in elevated levels of free androgens [17]. Women with PCOS
often have elevated serum insulin and IR, regardless of andro-
gen concentrations and their levels of ‘adiposity’ [18].

Diagnostic criteria

Three different groups, the Rotterdam European Society for
Human Reproduction and Embryology/American Society for
Reproductive Medicine (ESHRE/ASRM) [19], the National
Institutes of Health/National Institute of Child Health and
Human Disease (NIH/NICHD) [6] and the Androgen Excess
and PCOS Society [20], have proposed diagnostic criteria for
PCOS (Table 1) [6, 19, 20]. There is unanimous agreement that
PCOS is a diagnosis of exclusion. The syndrome should be
diagnosed once conditions such as Cushing’s syndrome, thyroid
disorders, idiopathic hirsutism and hyperprolactinaemia have
been ruled out. Neither group regards polycystic ovaries without

Table 1 Summary of diagnostic criteria for Polycystic Ovary Syndrome according to three different groups

Rotterdam NIH/NICHD Androgen Excess Society

PCOS is considered a diagnosis of exclusion. PCOS is considered a diagnosis of exclusion. PCOS is considered a diagnosis of exclusion.

Diagnosis requires two of: Diagnosis requires all of: Diagnosis requires all of:

Hyperandrogenism Hyperandrogenism Hyperandrogenism

Polycystic ovaries Menstrual disturbance Polycystic ovaries and/or ‘ovarian dysfunction’

Anovulation/oligo-ovulation

Adapted from ‘Epidemiology, diagnosis, and management of polycystic ovary syndrome’ (2014) [6]

NIH/NICHD National Institute of Health/National Institute of Child Health and Human Disease, PCOS polycystic ovary syndrome
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other clinical features as sufficient for diagnosing PCOS [6, 19,
20]. According to the Androgen Excess Society and NIH/
NICHD, the clinical presentation of hyperandrogenism, includ-
ing hyperandrogenaemia, is a prerequisite for PCOS diagnosis
[20]. Hyperandrogenaemia is the presence of elevated free tes-
tosterone, reduced sex hormone-binding globulin (SHBG) and
elevated free testosterone index, dehydroepiandrostene sulphate
and usually manifests clinically by hirsutism [6, 20]. The
Rotterdam criteria do not require hyperandrogenism or
hyperandrogenaemia alone for diagnosis, but can confirm diag-
nosis when these are present alongside polycystic ovaries, even
in the absence of ovulatory or menstrual dysfunction [21].
PCOS cannot be diagnosed by the NIH/NICHD criteria in the
absence of menstrual or ovulatory dysfunction [6]. In order for
the Rotterdam criteria to consider an ovary as being polycystic,
at least 12 follicles each with a diameter between 2 and 9 mm
with or without an increase in the volume of the ovary greater
than 10 mm3 is required [19]. There have been calls to revise
criteria to describe ‘polycystic ovarian morphology’ due to im-
provements in ultrasound technology, which have enabled
smaller follicles to be identified since the Rotterdam criteria
were first devised [21].

The emerging role of Anti-Müllerian hormone in PCOS
diagnosis

Anti-Müllerian hormone (AMH) is synthesised by ovarian gran-
ulosa cells from around week 25 of intrauterine life until the
menopause [22]. Production begins during the menstrual cycle
with the recruitment of primordial follicles for development into
small antral follicles [23]. Once the dominant follicle is selected,
production decreases [24, 25], and early follicular recruitment
and premature depletion of oocytes or follicles is avoided [26].

Biochemically plasma AMH can be used to assess the
number of growing follicles within the ovaries [27, 28].
Serum AMH is predominantly synthesised by small antral
follicles ranging from 2 to 9 mm in diameter. These follicles
are counted when antral follicular count (AFC) in the ovary is
established via ultrasonography. The detection of serumAMH
levels is more sensitive and specific than obtaining AFC, as
pre-antral and small antral follicles with diameters of less than
2 mm are detected, unlike with the use of ultrasonography
[29]. Serum AMH can be detected at any point in the men-
strual cycle, and levels do not vary considerably betweenmen-
strual cycles or during a single cycle, as the hormone is not
produced by the corpus luteum or dominant follicle [30, 31].

Serum AMH levels can be useful in the diagnosis of PCOS
as levels are 2–4 times greater in women with the condition
compared with controls [32, 33]. This holds true for all pop-
ulations of individuals with PCOS and reflects the presence of
pre- and small antral follicles [27, 28]. It is not yet possible to
define a serum AMH threshold to diagnose PCOS but a value
of 35 pmol/L or 4.9 ng/ml using the enzyme immunoassay

(AMH-EIA) has been proposed. It has been suggested that
other differential diagnoses must be excluded and oligo- or
anovulation and hyperandrogenism is established first when
diagnosing PCOS. If one of the aforementioned criteria are
missing, then AMH or AFC values can be used to aid diag-
nosis. Until an AMH threshold value has been agreed upon
universally, it is advised that each healthcare centre use its
own assay-specific reference intervals for diagnosis [23].

Lean polycystic ovary syndrome

Approximately 80% of individuals with PCOS have BMI values
above normal or high, and present with typical features such as
hyperandrogenism, polycystic ovaries and IR. These individuals
often remain undiagnosed until they encounter fertility problems
as adults. A smaller but distinct proportion of women with
PCOS have a normal or low BMI and may or may not have
symptoms such as irregular menstrual cycles and acne [17, 34].

Clinical signs are similar between lean
and overweight phenotypes of PCOS

There is some consensus suggesting that clinical manifestations
in lean and overweight women with PCOS are comparable
[35–37]. Similar prevalence of acanthosis nigricans (darkening
of skin creases), menstrual dysfunction, hirsutism and endome-
trial hyperplasia (thickness of endometrium greater than 4 mm)
was demonstrated in both lean and overweight womenwith the
syndrome who presented with infertility. Hormonal profiles
were also similar in both phenotypes of PCOS, which included
LH:FSH ratio, serum LH and progesterone as well as testoster-
one levels. Both groups were insulin resistant (prevalence of
83.3% and 93.1% in lean and overweight groups, respectively
in one previous report) and it was concluded that IR is inherent
in women with PCOS and hyperinsulinaemia ensues as a result
[35]. It has proven difficult to quantify insulin resistance in
PCOS due to limitations of methods used. Prevalence rates of
insulin resistance ranging from 44 to 70% have been reported
[36]. Doh et al. hypothesised that PCOS and obesity act syner-
gistically and independently resulting in IR, in a study of wom-
en in Cameroon with PCOS [37]. Both phenotypes of women
with PCOS were insulin resistant compared to controls, indi-
cating that other factors are involved in IR seen in PCOS, even
though obesity could have some contribution to IR. However,
IR was not significantly different amongst patients with posi-
tive or negative family histories of T2DM in a similar trial [38].
There were also no differences in clinical manifestations of
PCOS between the lean and overweight subgroups, such as
hirsutism, hyperandrogenism and findings from pelvic ultraso-
nography. Recent studies therefore indicate that hormonal pro-
files and insulin resistance with resultant hyperinsulinaemia are
similar in both phenotypes of PCOS.
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Obese PCOS patients suffer from more severe
derangements than lean counterparts

Obese individuals with PCOS suffer from more severe hor-
monal and metabolic derangements compared to their lean
counterparts [39, 40]. Indian women with PCOS did not have
significantly different levels of hypertension amongst lean and
overweight subtypes. Hyperandrogenism (74.2% overweight
and 50.6% lean, P = 0.000, 95% confidence interval CI: 0.14–
0.32) and menstrual dysfunction (79.2% overweight and 44%
lean, P = 0.000 95% CI: 0.26–0.44) were significantly higher
in the overweight group of women. The prevalence of T2DM
was higher amongst the overweight group as was impaired
glucose tolerance. The relative risk of endometrial hyperplasia
was higher (RR = 2.8) in overweight subjects although this
was not statistically significant (p = 0.055). The greater prev-
alence of T2DM, impaired glucose tolerance and endometrial
hyperplasia in the obese cohort mean that they are at a greater
risk of morbidity at a younger age than lean PCOS patients
and need to be treated using a ‘more rigorous’ approach [39].

Metabolic changes in lean women with PCOS relative to
their overweight counterparts, as well as the association of
such alterations to levels of peptide hormones adiponectin
and ghrelin have been investigated [40]. Adiponectin is secret-
ed by adipocytes and is involved in lipid and glucose homeo-
stasis [41], insulin sensitisation and possesses antidiabetic
properties [42, 43]. Ghrelin is produced predominantly by
neuroendocrine cells in the gastrointestinal tract. This
orexigenic hormone is thought to be involved in the regulation
of energy homeostasis, glucose metabolism and ‘insulin sig-
nalling’ [41, 44–46]. It augments fat tissue and the release of
growth hormone, which results in increased food consump-
tion and bodymass [47]. High levels of adiponectin and ghrel-
in appear to be essential for glucose metabolism. In obese
women without PCOS, adiponectin levels were significantly
reduced compared to levels in lean women without the syn-
drome. Plasma ghrelin levels were also significantly lower in
obese women compared with lean women, regardless of
PCOS status. Adiponectin levels were comparable in lean
women whether or not they had PCOS [40]. Findings suggest
that obesity is associated with lower levels of adiponectin and
ghrelin, but fail to demonstrate that PCOS has a deleterious
effect on levels of the two peptides. Lean women with PCOS
had significantly greater insulin resistance compared with
their BMI-matched non-PCOS counterparts. However, the ex-
tent of IR was greater still in obese women with the syndrome
[40]. Recent studies suggest that although hormonal and met-
abolic derangements exist in lean women with PCOS, these
alterations are more severe in obese individuals with the
endocrinopathy.

Lean patients with PCOS and metabolic and haematological
derangements Lean women with PCOS suffer from various

pathophysiological abnormalities compared to BMI-matched
healthy controls [48, 49]. Investigations of metabolic abnor-
malities in patients with PCOS revealed significantly higher
plasma insulin levels two hours after glucose was given to
women in the lean subgroup compared with lean controls.
Low density lipoprotein (LDL) and total cholesterol were also
significantly raised in women with lean PCOS versus controls.
Plasma gamma glutamyl transferase (GGT) levels, which are
good predictors of cardiovascular disease, were significantly
higher in both lean and overweight PCOS phenotypes relative
to controls, as were haemoglobin levels. High GGT levels are
correlated with an increased incidence of cardiovascular dis-
ease and death, the exact mechanisms of which remain unclear.
GGT is thought to be involved in atherogenesis due to its role in
oxidative stress, localisation to LDL-containing plaques and its
pro-inflammatory nature [50]. Testosterone is thought to stim-
ulate erythropoiesis in a dose-dependent manner [51, 52],
whichmay explain why PCOS groups had higher haemoglobin
levels [48]. Pancreatic beta cell function, involved in insulin
synthesis and secretion, was greater in all PCOS women com-
pared with controls [9]. However, differences diminished when
only lean PCOS women were compared to lean controls.
Insulin resistance was increased in women with PCOS com-
pared with controls and this included lean PCOS women and
their control counterparts. Researchers proposed that IR needs
to be ascertained at an early stage in PCOS, even in women
with low BMI and normal glucose tolerance [49].

The haemorheological profile, or study of blood constitu-
ents and flow, of lean young women with PCOS was found to
be deranged in this cohort of women. Blood viscosity was
significantly increased in the lean PCOS group at lower shear
rates compared to controls [53]. This is considered to increase
the risk of endothelial dysfunction [54], coronary artery calci-
fication [55], and venous thromboembolism [56] among other
health risks. It was revealed that erythrocyte aggregation was
also significantly elevated in the PCOS group, whichmay lead
to increased resistance to blood flow. This can result in tissue
ischaemia in those with dysregulated blood vessel regulatory
mechanisms such as in cardiovascular disease and T2DM.
The antioxidant defence system was found to be weakened
in lean, young PCOS women relative to weight-matched con-
trols [57] and erythrocyte deformability was unequivocal in
PCOS and control groups [53]. Numerous aspects of normal
physiology appear to be dysregulated in lean individuals with
PCOS relative to BMI-matched controls, such as lipid, hor-
monal and haemorheological profiles.

Differential diagnoses and the investigations
to exclude them

Multiple clinical conditions can mimic lean PCOS clinically
and need exclusion by appropriate laboratory work up before
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planning management. These conditions include congenital
adrenal hyperplasia (CAH), androgen secreting adrenal or
ovarian tumours, Cushing’s syndrome, acromegaly,
hyperprolactinemia, thyroid disorders, and medications that
can cause hirsutism (e.g., testosterone preparations, anabolic
steroids, and corticosteroids). A meticulous history coupled
with a thorough clinical examination followed by biochemical
investigations narrated below help to exclude these
conditions.

Nonclassical/ late-onset CAH presents with hirsutism, and
amenorrhoea, and may mimic PCOS. Fasting serum cortisol,
17-hydroxyprogesterone and adrenocorticotrophin (ACTH)
followed by stimulation with 250 μg of ACTH and measure-
ment of cortisol and 17-hydroxyprogesterone at 30 and 60min
later form initial screening tests for CAH [58]. Increased
levels of basal and post-ACTH 17-hydroxyprogesterone
levels (>43 nmol/L) would suggest CAH. Diagnostic confir-
mation of CAH is with genetic testing for mutations of the
genes coding for the enzymes involved in adrenal steroido-
genesis [58].

A baseline testosterone level > 5.0 nmol/L usually indicate
an androgen secreting adrenal or ovarian tumour that needs
further hormonal and imaging work up [59]. Cushing’s syn-
drome is excluded by screening for glucocorticoid excess with
at least two of the four following tests: 24-h urine free cortisol,
overnight dexamethasone suppression test, late night salivary
cortisol assay or low dose dexamethasone suppression test
[60]. Screening for acromegaly involves testing for elevated
serum levels of insulin-like growth factor 1 (IGF-1) and the
oral glucose tolerance test [61]. Raised serum prolactin level
indicates hyperprolactinemia and warrants further evaluation

for the causes. Alterations in the serum thyrotrophin (TSH)
usually indicate thyroid dysfunction. A meticulous history on
drug intake including topical creams will help to exclude a
drug-induced aetiology that simulates PCOS.

A diagnostic algorithm for work up of suspected cases of
PCOS is shown in Fig. 1.

Management options for lean PCOS

Various management options are available for lean PCOS as
summarised in Fig. 2. Pharmacological measures could ame-
liorate IR, decrease elevated androgen levels in blood and
downregulate androgen synthesis by the ovaries [17].

Diet & lifestyle modifications

Weight loss is considered first-line treatment in women
exhibiting the obese phenotype of PCOS, but this is not con-
sidered in leanwomenwith the syndrome [62]. Caloric restric-
tions are unnecessary as lean women may not necessarily be
required to lose weight. Instead lean PCOS women should
aim to maintain their weight. Lifestyle modifications by die-
tary interventions and regular physical activity have demon-
strated improved insulin resistance and ameliorated
hyperandrogenism amongst other beneficial effects on
PCOS symptoms [62–64] Lean individuals with PCOS must
be encouraged to consume vegetables and fruit to ensure they
are having an adequate supply of various minerals, vitamins
and nutrients.

Fig. 1 A diagnostic algorithm for
polycystic ovary syndrome
(PCOS). TSH – thyrotrophin,
ACTH – adrenocorticotrophin,
17-OHP – 17-
hydroxyprogesterone, HCG –
human chorionic gonadotrophin,
FSH – follicle stimulating
hormone, LH – luteinizing
hormone, DHEAS –
dehydroepiandrosterone sulphate
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Restoring ovulation

Anovulation is a more probable occurrence in obese rather
than thin individuals with PCOS. Some authors believe that
overweight women have a higher chance of being less respon-
sive to pharmacological measures to induce ovulation [62].
However, there is inadequate data to justify this.

Metformin therapy Metformin is an insulin sensitising agent
which reduces serum glucose levels by improving glucose
uptake and use in the periphery and reduction of hepatic glu-
cose output [13]. Metformin use was more successful in re-
storing menstruation (55%) and ovulation (45%) in lean wom-
en with PCOS compared with their obese counterparts. Only
lean phenotypes exhibited significant reductions in fasting
glucose, testosterone and insulin resistance [65]. Metformin
treatment was associated with improvement of disordered
menstrual cycles even in underweight patients with PCOS
[66]. It is important to remember that there is a low risk of
hypoglycaemia in thin anovulatory women undergoing met-
formin therapy [67].

3 g/day of myoinositol appeared to have a positive effect on
lean women with PCOS. Treatment led to reductions in lutein-
ising hormone, androgen levels, ‘high-sensitivity C-reactive
protein’ with a role in inflammation and facilitated insulin
tolerance [68]. The drug is thought to improve insulin resis-
tance by acting as a messenger for insulin signalling, subse-
quently increasing the uptake of glucose in the periphery. The
hormonal profile and ovulation were restored in PCOS

women [62, 68]. It may be unsuitable in lean women with
PCOS, particularly if insulin resistance is not present. It has
also been shown to have deleterious effects on the quality of
oocytes at high doses [62].

Assisted reproductive technologies

Lean women with PCOS exhibited a significantly greater rate
of fertilisation compared with overweight counterparts (BMI
≥25 kg/M2) [69]. BMI appears to have a marked effect on
in vitro fertilisation (IVF) outcomes. There was a significantly
elevated fertilisation rate with ovarian stimulation, with both
gonadotrophin releasing hormone (GnRH)-agonists and an-
tagonists among lean women with PCOS compared to over-
weight women with the condition (p < 0.02 and p < 0.01 re-
spectively). Higher pregnancy rates were observed in women
undergoing ovarian stimulation using mid-luteal long GnRH-
agonist suppressive regimens. This may be because high LH
levels can be reduced which consequently reduces damaging
effects to the quality and ‘implantation potential’ of an indi-
vidual oocyte [70]. Surgical techniques such as unilateral or
bilateral laparoscopic ovarian drilling was found to be associ-
ated with comparable rates in successful pregnancies in a re-
cent meta-analysis [71].

Management of hirsutism

Hirsutism can be quite worrisome in some patients with lean
PCOS and may need cosmetic treatment (hair removal by

Fig. 2 A management algorithm
for patients with lean polycystic
ovary syndrome (PCOS). OCP –
oral contraceptive pills
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electrolysis or laser therapy) along with pharmacological in-
terventions to slow down the hair growth. Suppression of
ovarian androgen production using oral contraceptive prepa-
rations is useful [71]. Androgen receptor blockers (cyproter-
one acetate, flutamide, spironolactone, and 5 α-reductase in-
hibitors [finasteride]) are useful to reduce the hair growth [72].

Management of acne

Acne can be severe in some cases of PCOS that may prove to
be difficult to manage. Mild and moderate cases of acne may
respond to topical preparations such as benzylperoxide and/ or
clindamycin or retinoids creams [73]. However, severe cases
may need additional oral treatment with tetracycline group of
antibiotics and in some cases oral isotretinoin. Because of the
potential toxicity or systemic retinoid preparations, close su-
pervision of treatment under a dermatologist is recommended
in such cases [73].

Limitations of currently available evidence
and areas of uncertainty

Results from recent literature should be interpreted with cau-
tion as various limitations were apparent with regard to study
designs. Among methodological limitations, sample sizes
were often too small to report significant results [13, 37, 38,
48, 49, 53]. Rotterdam criteria were most often used to diag-
nose PCOS [13, 37–40, 49, 53, 70] but this was not always the
case [48]. Findings from studies on women of certain ethnic-
ities could not be generalised for the entire population of
women with PCOS, further complicating findings [37, 39,
40, 49]. Furthermore, PCOS characteristics overlap with those
that arise during puberty such as acne, irregular menstruation
and polycystic ovarian morphology [74] rendering PCOS di-
agnosis more difficult in adolescents [48]. In the future, large-
scale randomised controlled trials should be conducted to as-
certain the significance of these differences. Specific age and
ethnic groups with the syndrome should be investigated and
the same diagnostic criteria used to ensure robust conclusions
are generated.

Conclusions

From recent research it is apparent that metabolic, hormonal
and haematological derangements exist in lean PCOS, al-
though these are equal or less obvious compared to those
affecting the obese phenotype. Insulin resistance is inherent
in PCOS regardless of BMI and should be managed early on.
Results are promising in terms of managing the lean pheno-
type. Lifestyle modifications, restoration of ovulation with the

use of pharmacological interventions and even IVF in refrac-
tory cases, can provide symptomatic relief and increase
chances of successful pregnancy. Well-designed RCTs with
women from specific ethnic and age demographics are re-
quired to devise treatment algorithms for the lean subgroup
of women with this enigmatic syndrome.
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