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Abstract

Background: Secondary oligo/amenorrhoea occurs in 3%-5% of women of repro-
ductive age. The two most common causes are polycystic ovary syndrome (PCOS)
(2%-13%) and functional hypothalamic amenorrhoea (FHA) (1%-2%). Whilst both
conditions have distinct pathophysiology and their diagnosis is supported by guide-
lines, in practice, differentiating these two common causes of menstrual disturbance
is challenging. Moreover, both diagnoses are qualified by the need to first exclude
other causes of menstrual disturbance.

Aim: To review clinical, biochemical and radiological parameters that could aid the
clinician in distinguishing PCOS and FHA as a cause of menstrual disturbance.
Results: FHA is uncommon in women with BMI > 24 kg/mz, whereas both PCOS
and FHA can occur in women with lower BMIs. AMH levels are markedly elevated
in PCOS; however, milder increases may also be observed in FHA. Likewise, polycys-
tic ovarian morphology (PCOM) is more frequently observed in FHA than in healthy
women. Features that are differentially altered between PCOS and FHA include LH,
androgen, insulin, AMH and SHBG levels, endometrial thickness and cortisol response
to CRH. Other promising diagnostic tests with the potential to distinguish these two
conditions pending further study include assessment of 5-alpha-reductase activity,
leptin, INSL3, kisspeptin and inhibin B levels.

Conclusion: Further data directly comparing the discriminatory potential of these
markers to differentiate PCOS and FHA in women with secondary amenorrhoea

would be of value in defining an objective probability for PCOS or FHA diagnosis.
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1 | INTRODUCTION

Secondary oligo/amenorrhoea occurs in 3%-5% of women of re-
productive age. The two commonest causes are polycystic ovary
syndrome (PCOS)! (2%-13%) and functional hypothalamic amen-
orrhoea (FHA) (1%-2%).! Whilst both conditions have distinct
pathophysiology and their diagnosis is supported by guidelines®? in
practice, differentiating these two common causes of menstrual dis-
turbance is challenging. Moreover, both are diagnoses of exclusion
qualified by the prerequisite to exclude other causes of menstrual
disturbance.l?

PCOS is diagnosed by the presence of at least 2 of hyperan-
drogenism, oligo/amenorrhoea and polycystic ovarian morphology
on ultrasound (PCOM).%® The Endocrine Society recommends the
following criteria for diagnosis of FHA: menstrual cycle length per-
sistently >45 days or amenorrhoea >3 months, history of weight loss,
vigorous exercise or stress, and the presence of hypogonadotrophic
hypo-oestrogenism (typically <184 pmol/L).t A negative progesto-
gen challenge test and normal MRI pituitary are also recommended
to confirm FHA!

Furthermore, two related conditions to FHA are anorexia
nervosa (AN) and the ‘female athlete triad’ (FAT). AN is diag-
nosed by the presence of restricted energy intake leading to
low body weight (albeit a BMI threshold is no longer defined in
Diagnostic and Statistical Manual of Mental Disorders, DSMV,
although moderate severity AN has BMI < 17 kg/m?), disturbed
self-body image, intense fear of weight gain or lack of recogni-
tion of the seriousness of low body weight.* Hypogonadotrophic
hypogonadism is no longer requisite in DSMV for the diagno-
sis of AN; however, amenorrhoea is present in up to 89% of
AN.% The prevalence of secondary amenorrhoea in athletes is
as high as 69%.%° FAT is comprised of menstrual disturbance,
insufficient energy availability (dietary energy minus energy
expended through exercise) and reduced bone mineral density
(BMD) (Z score <-1.0).° Overt signs of low energy availability
in FAT include BMI < 17.5 kg/m2 or <85% of expected body
weight.¢

In women with menstrual disturbance, where PCOS and
FHA are the most likely differential diagnoses, a diagnostic co-
nundrum is often encountered. For example, a cardinal feature
of PCOS is polycystic ovarian morphology (PCOM) (present in
80%-88%), but PCOM is commonly found in healthy women
(20%-30%), and even more so in FHA (30%-45%), such that
its presence could be incidental. Thus, even the clinician with
specialist expertise may be faced with diagnostic uncertainty in
women presenting with oligo/amenorrhoea, with the potential
for mis-categorization difficult to fully circumvent. Moreover, as
both conditions are common, it is feasible that they may co-exist,
further complicating matters. Herein, we aim to review clinical,
biochemical and radiological parameters that could aid the cli-
nician in distinguishing between PCOS and FHA as a cause of

menstrual disturbance.

2 | HISTORY AND EXAMINATION

2.1 | Menstrual disturbance

Women with FHA typically present with amenorrhoea, whereas
oligomenorrhoea is more common in PCOS. Thresholds for cycle
length used to signify menstrual disturbance vary from 35,2 to 38,7
to 45 days.! Due to cycle variability, oligomenorrhoea can also be
defined by the number of cycles per year (4-9 cycles per year),
whereas amenorrhoea is defined as absent menses for 23 months
or <3 cycles per year.! Most (80%-90%) women with oligomenor-
rhoea have PCOS, as compared to only 40% of women with amenor-
rhoea.? Thus, amenorrhoea is more likely to associate with FHA and
oligomenorrhoea with PCOS. Menarche in PCOS can be early if BMI
is high, or late if BMl is low.” By contrast, women with FHA or FAT
have a propensity to late menarche, especially if body fat percent-
age is low.2°

2.2 | Body massindex (BMI)
PCOS is more common and FHA less common with increasing BMI
(Table 1 and Table S1). Women with PCOS are almost twice as likely
to be overweight (12% of PCOS have BMI 25-30 kg/m?) and three
times as likely to be obese (49% of PCOS have BMI = 30 kg/m?) than
controls.}* A BMI threshold of 26.6 kg/m? discriminated Chinese
women with PCOS (n = 300) from controls (n = 110) with an area
under the ROC (AUROC) curve of 0.78 (sensitivity: 54.5%; specific-
ity: 98%).12

FHA is due to one of, or a combination of low body weight, ex-
cessive exercise and psychological stress, such that some have pro-
posed subtypes of FHA if one feature predominates. However, BMI
is low (19.7 + 1.4 kg/m?) even in ‘stress-induced’ FHA,*® perhaps as
some women may respond to stress with caloric restriction or ex-
cessive exercise. As women with FHA have a relative energy deficit,
one would expect weight loss and low BMI if sustained. However,
adaptation to energy deficit can maintain body weight at the ex-
pense of energy-consuming physiological functions such as repro-
duction.* Indeed, BMI was ‘normal’ at the time of first amenorrhoea
in 38.5% of 69 women with AN,*® highlighting the need to quantify
weight loss in addition to only BMI at presentation.*® Furthermore,
one third of athletes had amenorrhoea despite ‘normal’ BMI
(21.3 £ 1.6 kg/mz),17 whereas two thirds of women with AN had
amenorrhoea at a BMI between 17 and 18.9 kg/m?2.% Although the
set point for body weight at which menses are lost varies between
individuals (generally BMI < 24 kg/m?, Table 1), intriguingly recovery
of menses may require ~2 kg more than this set point and take up
to 2 years after regain of normal body weight.18 Recovery of men-
strual function was observed in 86% of adolescents with AN who
reached 290% of their ideal body weight,'’ and in 78% of women
with FHA who gained weight (BMI 22 kg/m? in recovered vs 20 kg/

m? in unrecovered).?°



Wi LEYJ—?’

PHYLACTOU ET AL.

‘u1INqo|3 Sulpuig-auowloy Xas ‘OgHS auowloy Suiziulain| ‘H7 xapul ssew Apod ‘||\g DUOWIOY UBLID||NA-IIUE ‘H|AY ‘PUNOSEJI|N UO 1UNO0D 3|21||04 [BJIUE |B10] ‘DY :SUOIIBIARIqQY

99 UOISSIZ24 2135130| D)elIBAIUN AQ PalEIND|ED SISOUSEIP SODd 4O SPPO pue Aleno Jad $9)1||0) 240w 40 ZT Y1M AleAo aUo Jsed) e Sulrey se paulyap sem (INODd) ASojoydiow uelieao 213sAdAjod “Apnis
awes ay3 Ul B20YJI0USWE YJIM USWOM Ul patedwod Aj3dalip ale siajaweled asayl yoiym ui Apnis Jayring Suipuad aAledipul se papJe8ad aq pjnoys spjoysauyy asayy ‘aiojatay] ‘Ajjiqeded Alojeuiwiosip
J19Y3 Su1jew13sa-19A0 sny3 ‘ejep jualjed |enplAipul ul AJljiqeLieA sy} aunided Ajjny 03 ajqeun si Jey3 s213S13e3S AJBWWNS WOoJ) Pa3e|Nd|ed a1am Asyj Se ‘uoizned Yim pajaldiajul aq pjnoys spjoysayl asayj
JOAIMOH “A31D1}129dS pue AJIAIISUSS % 00T S93ed1pul pjoysalyy o|3uls e ipapinoad aie SODd pue YH- 91e13ualajjip 03 Spjoysaly] JoJ sa131014129ds pue S313IAINSUSS *(S91PN3IS PIPN|dUl 9Y3 UO S|1e3ap SI0W
10J GS-TS S9|(e| 99S) pajedIpul $92USJ9)a.4 9] Wwody pajedais3e atom pajuasald elep ay] (SODd) dWOoIpuAs Aleao 213sA24j0d Yy1im uswom pue (yH4) esoyiouswe dlwe|eylodAy [euoizouny y3im uswom
‘510J3U0D Ay3|eay Joj pajuasald ale (Y| ‘uelpawl) sa13sije)s Alewwns paje8ai88y "'SODd Pue YHA 91e11Uaiaj)ip 03 pasn aq p|nod jey} siajaweded [e21S0|0Ipes pue [ed1Wayd0Iq ‘|edlul|d JO Alewwns 230N

7/I0Wu 61T (1/10wu)
STTOTIVE [0513102 3 A31d1199dS %06 9 ANAIISUSS %00T %05 (S¥z ‘LTT) 9¢€C (00€ ‘012) 5S¢ (€T ‘v¥T) €0C |0s11102 Sujulow [eseg
Ajuo ,w/3% GZ > IINg
(1/10wu)
60T'S9086Z b2 7/10wu 9z°T %001 (7€ ‘05T SP'e (90'T ‘8£°0)26°0 (6£T€TT)STT 2U013)50359} |30
(1/10wu)
60T'59'08'SZHT 7/lowu 9z'T %001  (P6'CT'6v'1) 18T (90'T‘8£°0)26°0 (0TTZTTITT 2U013}50359} [E30]
L0769 q/lowu g'eg %001  (L'9% ‘'0'v¥) €' (629 °0°09) ¥'19 (r'TL°€°€9) ¥'L9 (1/10wu) 5gHS
COT'E0T'69'59 7/lowd G2 %00T  (S5'€9 '7'0€) L'8¥ (L'€6T'S¥8) T'98 (€'€6°€9€)€¥S  (1/10wd) ulnsul uise
Q0THOTZOTHZ 1/loww gy %001  (IS'S ‘PLY) 067 (0Tt ‘08°€) S6°€ (PT'S‘0SY) £8F  (1/10ww) 9s0dn|3 Suiysey
(Tovt
HT-9vT'SR'ER |w/8d 1°08 %00T ‘TY9)S'S0T (0'8¥ ‘0°SY) S 9 (596 °C'SL) 588 (lw/2d) g uiqiyuj
VH4 03 paJedwod
(8'%1-C'9 1D%S6) PI0J-9°6 Aq sisouselp SODd
<9 40 SpPO paseaJdul ue y3im pajeidosse sem INOJd e/u %S'L8 %V'TE %¥C  WODd Ynm uonodold
€'2¢ < D4V 1e A)do11dads %00T pue ANAIISUSS %/°99 (04v)
srrprrTsgese  © 9T < D4V 3B ANDIID3AS %/°99 pue ANAIISUSS %001 %688 (0'9€ ‘9°9T) ¥T (502 59)9T (81 ') 0T 3uUnod 3)21|04 [eA3UY
(1/1owd ‘HINV)
BT 7/lowd €T %001  (¥'99 ‘TLy) 9'€S (r's€‘0Le) 612 (0¥C L' ¥T) ¥'0  duowoy ueld|niN-RUY
a/ni
89°79'69'T9°09 /N19¢€°S %00T  (89'0T ‘0S'2) 856 (cze'v80)0T'C (0¥'9 ‘69°€) ¥1'S  ‘H1) duowoy uisiuiain
(;w/3% 6T > INg
uipn|aul Ajuo usym pjoysaiyl awes) (rY ‘33¥) @4n1ipuadxs
S M 86LY %00T (9649 '£62S) 6159  (00€Y ‘00EY) 00EY (€799 YOES) 984S A81aus Sunsay
W/8 L'€T INg
1e Ajd1y193ds %0071 Pue ANAISUSS %918
/3T TTING
A 18 AJ1d1199ds % 6°88 pue AJAIISUSS %00T %86  (ELT'V'¥T)0'ST (0'0z ‘8°'81) T'61 (r'zze0z)TTT  ([W/3) xepul ssew Apog

S9JU3.19J9Yy

SODd Wo1} VHA 33e13Ua13441p 0} ploysaiyy ewndo

SODd Woly YHA 3jeiusiapyip
03 9AIN2 HOY dY3 J9puUn ealy

SO2d

VH4

s|onuo)

J9)sweled

sJajoweled jo |e;juajod Adojeuiwldsid T 3749dVL



ﬂ—Wl LEY

PHYLACTOU ET AL.

In summary, FHA is uncommon in overweight women, whereas both
PCOS and FHA can occur in women with low/normal BMI's (Figure 1).
Although some women with FHA have ‘normal’ BMIs, typically these are

in the lower half of the reference range (Table 1 and Table S1).

2.3 | Body composition

Body fat percentage is higher in lean PCOS than in weight-matched
controls,?! and fat distribution is more typically android, that is ‘fat dis-
tribution index’ (FDI = upper body fat mass/lower body fat mass) is
>1.1, rather than gynoid (FDI < 0.9).2! Conversely, women with FHA
have lower body fat mass than BMI-matched controls,?? with 18%-
28% body fat required for resumption of menses.* Evaluation of body
composition in lean women with either PCOS, healthy controls or AN
found that body fat percentage was 35.7%, 27.1% or 19.9% and FDI
was 1.03, 0.70 or 0.58, respectively.?® A meta-analysis reported that
women with PCOS are almost twice as likely to have central obesity
with a pooled estimate of 54%.** Conversely, waist circumference and
waist-to-hip ratios did not differ between PCOS and healthy controls
in alarge well-conducted study.24 Whether markers that correlate with
body weight such as ghrelin, amylin, orexin A and adiponectin can pro-
vide additional discriminatory potential over knowledge of BMI alone
remains a subject for further study.

2.4 | Bone mineral density (BMD)

Women with FHA have reduced BMD for chronological age, due to
hypo-oestrogenism, nutritional deficits and other endocrine abnor-
malities (eg increased cortisol/decreased IGF-1 levels). As a result, FHA

guidelines recommend that a DEXA scan be conducted in all women
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with amenorrhoea of at least 6 months duration.* Spinal Z score was
-1.7 in AN, -0.6 in FHA and +0.3 in controls.?®> As BMD is increased
in athletes by 5%-30%, primarily due to increased weight-bearing, a Z
score of —1.0 rather than -2.0 is deemed sufficient to indicate low BMD
in FAT. In FAT, lumbar BMD was reduced with T scores between -0.88
and -2.1.2% Lumbar BMD is marginally reduced in women with PCOS
and BMI < 27 kg/m? with a pooled mean difference of -0.07, with no
difference when BMI 2 27 kg/m?2.?” Taken together, these data demon-
strate that low BMD is more consistent with FHA than PCOS.

2.5 | Energy expenditure

Although resting energy expenditure (REE) was unchanged in
PCOS,28 adjusted basic metabolic rate (ie REE at rest >12 h after eat-
ing) was reduced in PCOS with insulin resistance (1116 vs 1868 kcal/
day).?? Moreover, post-prandial thermogenesis was reduced in both
obese (45.4 kJ vs 86.5 kJ) and lean (79.4 kJ vs 89.9 kJ) PCOS.*°

Amenorrhoeic athletes had lower REE than normo-ovulatory ath-
letes or sedentary controls.3* REE was lower in AN (n = 28) than controls
(n = 49), even after adjustment for BMI and fat-free mass.>? Additionally,
REE was associated with Triiodothyronine (T3) levels in AN, and weight
regain coincided with increases in both T3 and REE.*? Women with FHA
may have slightly lower fT3 than controls (3.1 vs 4.2 pmol/L)?%; however,
PCOS may also be associated with mild thyroid dysfunction.®

2.6 | Psychological disorders

Psychological stress is one of the main aetiological factors contribut-
ing to FHA. Women with FHA had more life events than those with
PCOS (FHA 59.8%, PCOS 26.6%), and tended to perceive them more
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FIGURE 1 (A) The summary statistics of the studies given in Table $1 were used to simulate truncated normal data in the 12-35 kg/m?
range for BMI using a Ferguson-Klass type algorithm for posterior normalized random measures. Instance sizes, histograms and densities
of the combined data are shown for controls (left panel), PCOS (centre panel) and FHA (right panel). The y-axes are density centiles, so 0.15
represents 15% of the total instances. (B) The 481 simulated FHA values are combined with 1000 sampled values from the simulated PCOS
data so as to match the proportions expected. For each BMI in the range 16-35 kg/m? the percentage of FHA and PCOS instances are
shown. The blue and green percentages sum to 100 for each BMI. The distributions presented are simulations of summative statistics from
Table S1 that reflect the same underlying populations but are not exact representations of the distribution of the original data
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negatively.>* When faced with a task designed to induce psycho-
logical stress, women with FHA were less able to complete the task
compared with PCOS or healthy controls.®> Both women with FHA
or PCOS had increased cortisol levels during the task compared with
controls.® Specific personality traits such as higher levels of per-
fectionism are also noted in FHA.%® Cognitive behavioural therapy
(CBT) increases the chance of recovery in FHA (87.5% vs 25%).%7

Depression is more common in PCOS, independently of BMI.%8
PCOS increased the odds of depression by 3.8-fold and anxiety by
5.6-fold.*” One third of women with PCOS reported anxiety, with
acne and subfertility being identified as risk factors.*® CBT resulted
in weight loss and improved quality-of-life scores in PCOS.#!

2.7 | Eating disorders

Rates of eating disorder behaviours are increased in FHA, but most
women do not have a formal diagnosis*?; almost half of FHA had disor-
dered eating behaviours including dieting, bulimia, food and overweight
preoccupation compared with 11% of controls.*? Eating disorders, es-
pecially binge-eating disorder, were more frequent in PCOS (11%) than
controls (7.6%).** Women with PCOS (n = 24,385) have an increased
odds of bulimia (OR 1.21), but reduced odds of AN (OR 0.72).** Thus,
whilst both women with FHA and PCOS may display bulimic traits, re-

strictive eating patterns are more typically associated with FHA.

2.8 | Genetic predisposition

PCOS is genetically predisposed, with ~70% heritability in monozygotic
twins versus 38% in dizygotic twins/sisters.”> A GWAS meta-analysis
identified 14 polymorphisms associated with PCOS, including genes im-
plicated in insulin regulation, obesity and ovarian function.*

In FHA, 7 of 55 (13%) women had heterozygous variants in
genes encoding for GnRH neuronal function or migration.*’ Using
whole-exome sequencing, 55% (58/106) of women with FHA had
at least one rare sequence variant (RSV) identified, as compared to
42% (200/477) of controls, and women with FHA were more likely to
have 3 RSVs than controls (4.7% vs 1.2%).* Thus, women with FHA
may be genetically predisposed to menstrual disturbance after an
environmental stimulus such as weight loss.*” There is also a high de-
gree of heritability in eating disorders such as AN (5%-60% in twin

studies), specifically in genes regulating metabolism.*

3 | BIOCHEMICAL/RADIOLOGICAL
INVESTIGATIONS

3.1 | GnRH pulsatility

Hypothalamic GnRH pulsatility is increased in PCOS and reduced in

FHA. Increased GnRH pulsatility favours LH secretion from the pitu-
itary gland, whereas reduced pulsatility favours FSH secretion.’® LH

pulse frequency (a surrogate of GnRH pulse frequency) was reduced
from 8 to15 pulses per 24 h in controls to 1-6 pulses in long-distance
runners with secondary amenorrhoea.”® LH pulsatility is disrupted
at an energy availability <30 kcal/kg, with each unit decrease in en-
ergy availability reducing LH pulse frequency by 0.017 pulses/h*. LH
pulse amplitude was reduced from 2.9 iU/L in controls to 0.7 iU/L
in FHA.>2 Although reduced LH pulsatility is considered a hallmark
feature of FHA, in fact only 8% of 49 women with FHA were com-
pletely apulsatile.53 Overall, 78% had low pulse frequency (<9 pulses
per 24 h) and 43% had low pulse amplitude (<4 iU/L).”° BMI in those
with ‘low frequency’ alone was 20.4 kg/m?, compared with 23.2 kg/
m? in ‘low amplitude and low frequency’, and 26.3 kg/m? in ‘low am-
plitude’ alone.>® Oestradiol levels were lower in those with reduced
LH pulse amplitude.”® Whilst most healthy women have reduced
LH pulsatility during sleep, it was increased in 45% of women with
FHA.>® Notably, most women had significant variability in LH pulsa-
tility on repeated measurement, suggesting that a one-off assess-
ment is unreliable.>®

Women with PCOS have an inherent abnormality in the GnRH pulse
generator that is independent of sex steroids®* with higher pulse fre-
quency than controls (~22-24 vs ~16 pulses per 24 h).>> LH pulse am-
plitude is higher in lean (BMI < 23 kg/m?) PCOS (13.3 iU/L) than obese
(BMI > 30 kg/m?) PCOS (6.4 iU/L), or healthy controls (5.3 iU/L).>
Together, LH pulse frequency is increased in all women with PCOS by
~40% and reduced in 78% of women with FHA. As LH pulse amplitude
is not increased in obese PCOS®® and reduced in only 43% of FHA, LH
pulse frequency is likely to have greater discriminatory potential in dif-
ferentiating PCOS and FHA than LH pulse amplitude.

3.2 | GnRH test
LH responses to GnRH correlated with basal LH levels in 37
women with FHA.>” LH rises after 50 pg GnRH were similar in
FHA (3.1 > 8.6 iU/L; n = 8) as in healthy women (3.9 > 6.0 iU/L;
n = 6).°8 Likewise, LH responses to GnRH (1.56-6.25 pg) were similar
in 14 women with secondary ‘stress’ amenorrhoea as in 8 healthy
women.” In 40 women with AN (BMI 15.1 kg/m?), although basal
LH (3.2 +3.4vs 7.2 +2.3iU/L) and FSH (3.6 £ 2.5 vs 5.0 + 1.4 iU/L)
levels were lower than in controls, LH rises following 100 pg GnRH
were similar (17.9 £ 17.0 vs 20.7 + 13.4 iU/L); albeit FSH rises were
higher (10.9 + 7.5 vs 3.3 + 1.5 iU/L).°

Absolute LH rises after GnRH (2-20 pug) were two- to three-
fold greater in PCOS (BMI 34.7 kg/m?% n = 13) than in healthy
women (BMI 26.8 kg/m2, n= 13).61 Notably, LH rises after GnRH
positively correlated with basal LH values but negatively with
BMI.%! Therefore, due to higher basal LH values in PCOS (7.5 + 1.2
vs 3.6 £ 0.4 iU/L), the percentage rise in LH after GnRH was not
increased.®® Overall, although absolute LH rises to GnRH were
higher in PCOS, this may not necessarily indicate heightened pi-
tuitary sensitivity per se but rather reflect increased basal LH val-
ues.®! Mean (+SD) LH rose from 9.0 + 5.8 to 35.4 + 31.3 iU/L at
30 min after 100 pg of GnRH in PCOS (n = 121), compared with
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from 4.8 + 1.7 to 16.3 = 6.7 iU/L in healthy controls (n = 32), but
FSH-rise did not significantly differ.®> An LH/FSH ratio at 30 min
after GnRH of >2.11 had a 78.5% sensitivity and 87.5% specificity
for the diagnosis of PCOS.%2 The response to GnRH in PCOS did
not differ by androgen status.®®

3.3 | Basal gonadotrophin values
LH levels were raised to >95th percentile of healthy women in 40%-
60% of PCOS.%* In PCOS (n = 3640), FHA (n = 159) (defined by gon-
adotrophins <2 iU/L) and healthy controls (n = 83), LH was 9.6, 0.8
and 3.8 iU/L, FSH was 5.6, 3.1 and 6.3 iU/L and oestradiol was 279,
72 and 170 pmol/L, respectively.®® Notably, LH was more commonly
raised in PCOS if associated with menstrual disturbance.®®

An LH:FSH ratio of 1.33 had an AUROC curve of 0.87 (95% ClI
0.84-0.89) to distinguish PCOS from healthy controls, with a one unit
increase in the ratio increasing the odds of PCOS by 14-fold.*’ Baseline
LH levels were lower in 28 women with FHA than in 30 controls
(21 +1.2vs 5.6 + 1.5iU/L), whereas FSH levels did not differ (5.6 + 2.1
vs 5.4 + 1.6 iU/L).8 Thus, LH levels (more reflective of alterations in
GnRH pulsatility) can better aid in distinguishing FHA and PCOS than
FSH levels.

3.4 | Growth hormone axis

Women with FHA (n = 8) had higher nocturnal growth hormone (GH)
levels than eumenorrhoeic controls (5.21 + 0.89 vs 3.06 + 0.33 pg/L),
although 24-h GH values did not differ.’ Reduced nutritional intake
results in GH resistance characterised by increased GH and reduced
IGF-1.7° GH pulse amplitude is higher in lean PCOS than lean controls
(9.1 vs 5.9 pg/L), but reduced with obesity (1.6-2.2 pg/L).>®> GH pulse
frequency and IGF-1 levels did not differ in PCOS in most,>® but not
all studies.”! Thus, IGF-1 levels could have potential to differentiate
FHA and PCOS pending further study.

3.5 | Anti-Miillerian hormone (AMH)
AMH is produced by granulosa cells of growing antral follicles in the
ovary and thus levels correlate with total antral follicle count (AFC).”?
AMH is increased in PCOS corresponding to the number of PCOS fea-
tures and better predicts menstrual disturbance than AFC (AUROC 0.77
vs 0.67).”? A meta-analysis identified an AMH threshold of 33.6 pmol/L
to have 79.4% sensitivity and 82.8% specificity for PCOS diagnosis.73

In FHA, AMH levels are mildly increased compared with healthy
controls (Table 1 and Table S2). In 40 women with FHA, AMH levels
fell from 42.1 to 27.1 pmol/L at 1 year after resumption of menstrual
cycles.”* Notably, this was not accompanied by a corresponding
change in AFC or ovarian volume.”* Furthermore, in 61 women with
AN, higher AMH at diagnosis predicted 1-year recovery of menstrual
cyclicity (43.6 vs 31.4 pmol/L).”®

AMH was higher in age-matched women with PCOS (47.9 pmol/L),
than in FHA (27.1 pmol/L) and in healthy women (13.6 pmol/L).%> In
1843 women with oligo/amenorrhoea, AMH was higher in the 69%
with PCOS (65 pmol/L) than in the 7% with FHA (24.3 pmol/L).”®
Collectively, AMH levels are markedly elevated in PCOS; however,
milder increases are also seen in FHA. Thus, whilst AMH has discrim-
inatory potential to distinguish PCOS from healthy women, its per-

formance could be tempered in women with menstrual disturbance.

3.6 | PCO morphology on ultrasound
PCOM is a cardinal feature of PCOS; morphologically, PCOM ova-
ries have a central stroma surrounded by peripherally located folli-
cles,”” whereas increased follicle number per ovary (FNPO) without
this typical peripheral follicular distribution has been described as
multicystic ovarian morphology (MCOM).”® Women with FHA have
increased rates of MCOM?®; however due to the subjective nature of
assessing follicular distribution, PCOM is now more typically defined
by FNPO. Thus, MCOM ovaries are classified as PCOM in diagnostic
criteria even in the absence of peripheral follicular distribution, such
that PCOM by FNPO is reported in 30%-45% of FHA and 20%-30%
of healthy women.”*#°

Recently, the recommended threshold for FNPO to denote
PCOM has increased from 128! to 202 to reflect improved ultra-
sound resolution. The impact of this was assessed in a study of 1390
women, in which 861 (62%) qualified for the diagnosis of PCOS due
to having both oligo/amenorrhoea and hyperandrogenism.83 Of the
remainder, 67% (306/529) qualified as PCOS using an FNPO thresh-
old >12, compared with only 9% (101/529) if using a threshold of
>20.82 Thus, diagnosis of PCOS can significantly vary by the criteria
used to define PCOM. Although AMH correlates with AFC, AMH
may be disproportionately increased in FHA and PCOS (Table 1 and
Tables S2 and S3). AMH levels in FHA correlate with the number
of smaller antral follicles (2-5 mm), but not larger follicles (6-9 mm),
which could contribute to discrepancy between AFC and AMH.83

3.7 | Inhibin-B

Inhibin B is produced by granulosa cells and peaks during the fol-
licular phase. Although some studies have reported higher inhibin
B in PCOS,%* others have found similar levels to healthy controls®
(Table 1 and Table S4). Inhibin B negatively correlates with BMI in
both PCOS and healthy women,®® which could explain some of this
incongruity.®® Inhibin B levels are lower in FHA than controls,®® sug-
gesting that it has the potential to differentiate lean PCOS from FHA.

3.8 | Circulating kisspeptin levels

Kisspeptin neurons regulate GnRH neuronal pulsatility; if circulat-
ing kisspeptin levels are assumed to reflect central GnRH neuronal
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pulsatility, one would expect kisspeptin levels to be increased in PCOS
and reduced in FHA. Kisspeptin levels corresponded to LH pulses in
women with FHA and were lower in women with FHA and LH < 3iU/L
at 1.7 ng/ml than in women with FHA and LH > 3 IU/L at 2.6 ng/ml.%°
Kisspeptin levels were not significantly lower in AN (0.20 + 0.07 ng/
ml) compared with controls (0.3 + 0.36 ng/ml).8” However, in women
with AN (BMI 14.8 kg/m), kisspeptin levels positively correlated with
BMI.88 Most studies have reported higher kisspeptin levels in PCOS®’
and a meta-analysis determined that circulating kisspeptin levels have

an AUROC curve of 0.84 for PCOS diagnosis.”®

3.9 | Progesterone withdrawal test and
endometrial thickness (ET)

FHA is a low oestradiol state, whereas oestradiol is typically pre-
served in PCOS. Historically, oestradiol assays performed poorly at
low levels, and thus, alternative assessments of functional oestradiol
exposure were used, for example cervical mucus examination or the
progesterone withdrawal test.”* Accordingly, women with PCOS are
expected to have a withdrawal bleed after a short course of proges-
terone, whereas women with FHA are not.

Originally, oestradiol levels were reported to be higher in amenor-
rhoeic women who had a withdrawal bleed after a course of proges-
terone (297.4 vs 135.8 pmoI/L),‘S’2 with a threshold of 146.9 pmol/L
predicting those who bled.”® However, 40%-57% of women with FHA

17394 and the re-

have a withdrawal bleed after progesterone withdrawa
sponse does not always relate to oestradiol levels.”> Thus, despite its
widespread adoption and inclusion in FHA guidelines, there remain con-
cerns regarding the discriminatory ability of this test.

Indeed, endometrial thickness (ET) better predicts the response to
progesterone withdrawal than oestradiol level.”* Most (93%, 50/54)
amenorrhoeic women with ET > 1.5 mm have a withdrawal bleed,
compared with only 6% (1/16) of those with thinner ET.7® ET is higher
in PCOS than controls both on cycle days 3-5 (4.8 vs 3.4 mm)°” and
on days 6-10 (11.1 vs 6.2 mm).”® ET on a random cycle day is lower in
lean amenorrhoeic (n = 43) than oligomenorrhoeic women (n = 18) (5.1
vs 8.2 mm).”’ Furthermore, ET on days 10-11 of the cycle is thinner in
athletes than sedentary age-matched controls (10 vs 13 mm).2%° Thus,
it is unclear that the progesterone withdrawal test provides any addi-
tional information over estimation of ET.

3.10 | Insulin resistance

Women with PCOS have a three- to five-fold increased risk of im-
paired glucose tolerance (IGT), depending on ethnicity.2°? Insulin
resistance was more common in women with PCOS, whether over-
weight (BMI 2 27 kg/m?, 95%) or lean (BMI < 27 kg/m?, 75%), than
in overweight controls (62%).1°2 Both glucose and basal/stimulated
insulin levels were higher in PCOS than weight/age-matched con-
trols after oral glucose tolerance test (OGTT).1°® Of 208 women
with PCOS, 10% had T2DM by OGTT, but only 35% of these women

had an HbAlc = 6.5%.1%% In lean (BMI < 25 kg/m?) PCOS, fasting
plasma glucose did not significantly differ from controls (median
4.72 vs 4.83 mmol/L); however, 2-h glucose after an OGTT (6.30 vs
5.42 mmol/L) and HOMA IR were increased (1.91 vs 1.47).%*

In contrast, FHA is typically associated with hypoinsulinaemia
and hypoglycaemia.®’ Basal insulin was lower in FHA (n = 88) than
age/BMI-matched controls (n = 65).2%° Insulin sensitivity following
OGTT or IVGTT was not significantly altered. In a direct compar-
ison, fasted insulin levels were higher in PCOS (84.2 + 76.7 pmol/L)
than FHA (60.7 + 67.5 pmol/L) or controls (54.3 + 27.3).%°

3.11 | Sex hormone-binding globulin (SHBG)

Insulin inhibits hepatic SHBG synthesis, such that hyperinsulinae-
mia is associated with reduced SHBG levels. Although SHBG is in-
versely correlated with BMI, SHBG levels are lower in PCOS even
accounting for BMI (lean healthy 74 + 24, lean PCOS 55 + 29, over-
weight healthy 50 + 24, overweight PCOS 32 + 18 nmol/L).}%” In
FHA (n = 15), SHBG levels did not differ from age/weight-matched
controls (n = 14).108 In a direct comparison, SHBG levels were 47, 63
and 71 nmol/L in PCOS, healthy controls and FHA, respectively.®®
Thus, free androgen index (FAIl) is likely to better differentiate FHA
and PCOS than unadjusted testosterone levels.

3.12 | Androgens
Insulinresistanceis tissue-specific; such that whilst there is resistance
to insulin's hypoglycaemic action, ovarian thecal androgen produc-
tion remains sensitive to elevated insulin levels and contribute to hy-
perandrogenism in PCOS.*%? Women with lean PCOS (BMI < 25 kg/
m?) had higher median testosterone (1.5 vs 1.1 nmol/L), DHEAS (3.2
vs 2.7 pmol/L), androstenedione (8.0 vs 6.4 nmol/L) and FAI (1.37
vs 0.55) than lean controls.?* Notably, adrenally derived androgens,
for example DHEAS, 17-hydroxypregnenolone and 17-hydroxypro-
gesterone, were more often raised in lean PCOS (CAH excluded),
whereas FAl was more often elevated in women with higher BMIs.?*
Women with AN had reduced testosterone levels (0.8 vs 1.1 nmo-
I/L), but SHBG or DHEAS levels did not differ.?> Testosterone was
higher in PCOS (1.95 + 1.04) than in controls (1.15 + 0.5), or FHA
(0.78 + 0.42).° Similarly, androstenedione levels were 6.14, 3.48 and
3.05 nmol/L and the Ferriman-Gallwey scores were 7.29, 3.45 and
4.64, respectively.®® Women with AN have reduced 5-alpha-reductase

10 \yhereas women with PCOS have increased 5-alpha-reduc-

111

activity,
tase activity,” " such that pending further data, a ‘DHEA challenge test’

could potentially be used to distinguish these conditions.**?

3.13 | Leptin

Leptin levels correlate with fat mass and therefore would be ex-
pected to be increased in PCOS and reduced in FHA. Fasting leptin
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levels are also increased by oestradiol, which may also contribute to a
difference in leptin levels between FHA and PCOS. Leptin levels are
highest at midnight and lowest in the morning. A meta-analysis found
that leptin was 1.62-fold higher in 991 women with PCOS than 898
controls.*3 Leptin was also higher in overweight (BMI > 23 kg/m?)
than lean controls (17 vs 13 pg/L), and overweight than lean PCOS
(27 vs 19 pg/L). 114

Conversely, women with FHA have lower leptin levels than ex-
pected for their BM|.105 Leptin was ~40%-60% lower in FHA than
BMI-matched controls.’®® In FHA, each 1 kg/m? BMI increase was
associated with an 0.89 pg/ml elevation in leptin levels, which is
half of that seen in controls (1.8 pg/L).1%° Although pre-treatment
leptin levels were similar in FHA and controls, 2 weeks of recom-
binant leptin treatment increased LH levels (2.8-4.8 iU/L) and LH
pulse frequency (2.4-5.0 pulses per 12 h) but not LH pulse amplitude
(3.2-3.6iU/L).11

3.14 | Cortisol

Cortisol levels were higher in FHA than healthy women, and nor-
malised after recovery of menstrual cyclicity.!'® Although cor-
tisol pulse frequency is unchanged, cortisol pulse amplitude is
increased,''” with higher 8PM and 24-h cortisol levels (Table 1
and Table S5). In female athletes, 24-h cortisol levels negatively
correlated with LH pulse frequency.'*® Early morning cortisol
values were higher in amenorrhoeic athletes (230 nmol/L) than
ovulatory athletes (180 nmol/L), or sedentary ovulatory women
(170 nmol/L).*® Cortisol levels after CRH were lower in FHA
than healthy controls (320 vs 440 nmol/L),*'® whereas ACTH
and cortisol rises after CRH were increased in PCOS compared
with controls.'*? In 350 lean women with PCOS, morning corti-
sol levels were higher (245 nmol/L) than in 203 healthy controls
(203 nmol/L).%* Consequently, whilst basal cortisol levels were el-
evated in both conditions, the cortisol response to CRH is reduced
in FHA but increased in PCOS and thus could have discriminatory

potential.

3.15 | Insulin-like factor 3 (INSL3)

INSL3 is produced by ovarian theca cells and the corpus luteum.
INSL3 levels were higher in 134 women with PCOS (0.18 ng/
ml) than in 344 healthy controls (0.079 ng/ml).*?° Specifically,
INSL3 levels were higher in lean PCOS than in controls, but not
in overweight PCOS (n = 22 per group).'?! Notably, INSL3 was
only raised if PCOS was associated with oligo/amenorrhoea.28
INSL3 levels correlated with follicle number, LH levels, hirsutism
and androgen levels in PCOS.*2! One would anticipate that INSL3
levels would be lower in FHA given the reduced gonadotrophin
stimulus to theca cells; thus, data assessing whether INSL3 has

discriminatory potential in lean PCOS/FHA would be of interest.

4 | OVERLAP BETWEEN FHA AND PCOS

PCOS and FHA are common conditions, and thus, it is eminently
feasible for both diagnoses to co-exist. By definition, women with
FHA have menstrual disturbance, and thus, the additional presence
of PCOM would be sufficient to qualify a diagnosis of PCOS. Thus,
it is noteworthy that PCOM®4'22 and raised AMH levels are more
frequent in FHA. Of 159 women with FHA, 36% also met criteria
for PCOS (25% PCOM, 6.9% hyperandrogenism, 5% both).®> Of 122
women with FHA, 41 ‘suspected of having underlying PCOS’ (al-
though specific criteria for this suspicion were unclear), had higher LH
(7.7 vs 3.1 iU/L), testosterone (1.9 vs 1.1 nmol/L) and lumbar T scores
(-1.1 vs -1.9).12° Of 100 ‘exercising’ (~6 h per week) women with
oligo/amenorrhoea (who might be presumed to have FHA), 17 had
hyperandrogenism which would be more consistent with PCOS'?*:
these women had greater BMI (22.3 vs 20.6 kg/m?), body fat (27.3%
vs 24.4%), fat mass (16.2 vs 13.8 kg), insulin (5.8 vs 4.2 1U/L), leptin
(12.2 vs 6.6 ng/ml), FAI (6.1 vs 1.7) and LH:FSH ratio (1.9 vs 1.3).12%
In a further study, 13 of 40 (32.5%) women with FHA had high AMH
levels (>33.6 pmol/L), and 4 (10%) had increased ovarian volume
(=10 cm3), and these women were more likely to have elevated an-
drogen levels.”* Likewise, 10% of 58 women with FHA had PCOS-
range AMH levels and high ovarian area,”’ although LH levels were
not altered in these women.®® Of 65 Australian lean women with
AMH > 40 pmol/L and BMI < 20 kg/m?, 22 were diagnosed with FHA
and 43 with PCOS.12° Notably, 86% of women diagnosed as FHA also
met the diagnostic criteria for PCOS.'%> Almost all (95%) women with
FHA had PCOM and all were Caucasian (vs 35% of PCOS). Whereas
all women with FHA were amenorrhoeic and had an ET of <4 mm,
those with PCOS had either oligomenorrhoea or regular cycles.!?
Median SHBG in FHA vs PCOS was 111 vs 56 nmol/L, LH (1.6 vs
5.5iU/L), FSH (4.2 vs 6.4 iU/L), and FAI (0.7 vs 1.6).1°

Six women with ‘FHA and PCOM’ were found to be more likely
to develop hyperandrogenism after gonadotrophin stimulation, and 5
women with ‘FHA and PCOM’, who increased their BMI by 5%-18%
to restore menses, developed oligomenorrhoea and hyperandro-
genism.*?® Likewise, 6 of 120 women with FHA developed PCOS
features following pulsatile GnRH therapy.'?” Conversely, a study
compared 40 women with ‘FHA and PCOM'’ to 27 women with ‘FHA
alone’ but did not find any differences in androgen or gonadotrophin
levels (FHA with PCOM: LH 1.7, FSH 4.9 vs FHA alone: LH 1.1, FSH
5.0 iU/L), nor in the response to pulsatile GnRH therapy.!?® A further
study reported that only one of twelve FHA women with features of
PCOS such as raised AMH, or raised androgens, went on to develop
PCOS following menstrual recovery.68

Together, these data confirm that a diagnostic dilemma is often
encountered when assessing patients presenting with secondary
amenorrhoea, with many women meeting criteria for both condi-
tions. Additionally, women with ‘FHA and PCOM’ may have ovaries
that are prone to producing androgens, but that this may be masked
by the low LH levels that are characteristic of FHA. Thus, FHA pre-

dominates when both conditions co-exist; however in some women,
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PCOS may be revealed following restoration of body weight or go-

nadotrophin therapy.

5 | CONCLUSION

Despite FHA and PCOS having contrasting pathophysiology, in prac-
tice, differentiating these two common causes of menstrual distur-
bance is challenging. In the literature, there is wide variation in the
criteria used to define both PCOS and FHA, and the performance of
many of the factors evaluated in this review heavily depends on how
the initial categorization was reached. Although diagnostic criteria
for both PCOS and FHA recommend the exclusion of other causes of
menstrual disturbance, in practice, there is no test capable of doing
so, and many women meet the criteria for both diagnoses. Indeed,
even characteristic features of PCOS, such as PCOM, are more fre-
quently observed in FHA than in healthy women. Moreover, PCOM
is also a common incidental finding in healthy women, such that its
presence does not have sufficient specificity to identify ‘underlying
PCOS’ in women with FHA. Furthermore, PCOM does not affect the
clinical presentation in FHA, and the FHA phenotype predominates
when both diagnoses co-exist. However, in a proportion of women
with ‘FHA and PCOM’, the presence of ‘underlying PCOS’ can be
revealed following weight gain, or gonadotrophin treatment, sug-

gesting that some women have ovaries that are prone to secreting

e | Basal insulin levels

§ Cortisol response to CRH
J Endometrial thickness
¥ Bone Mineral Density

«= SHBG
1 AMH

INSL-3

androgens once stimulated. Thus, PCOM can be regarded as a sensi-
tive but not specific indicator for underlying PCOS and may be inci-
dental in many women with FHA.

Overall, the diagnosis in uncertain cases could be concluded
based on a theoretical demarcation of the essence of each con-
dition. A fundamental pathophysiological difference between
PCOS and FHA is the change in GnRH pulsatility, being increased
in PCOS but reduced in FHA. In women with PCOS and hyperan-
drogenism, use of the oral contraceptive pill can attenuate LH lev-
els and moderate hyperandrogenism. Accordingly, it is logical that
in a woman with PCOS who enters a state of energy deficiency
such as to also develop FHA and have reduced GnRH pulsatility,
the resultant low LH levels would diminish androgen secretion.
Therefore, raised LH/androgen levels would indicate that PCOS
is the predominant phenotype, whereas low LH/androgen levels
would denote FHA.

The challenges in correctly assigning each diagnosis lead to the
potential for misclassification. In many studies that investigate the
performance of a factor to identify FHA or PCOS, the initial cate-
gorization is often influenced by the presence of that factor. For
example, one could arbitrarily define ‘FHA with underlying PCOS’
as being women with ‘FHA and PCOM’, and then subsequently re-
port that PCOM is more common in ‘FHA with underlying PCOS'".
Although understandable, this approach is flawed in that it predis-

poses to the realization of a self-fulfilling prophecy. Furthermore,

Polycystic Ovary Syndrome (PCOS)

1 Basal and stimulated insulin levels
1 Cortisol response to CRH
1 Endometrial Thickness
«= Bone mineral density

1 SHBG
11 AMH

POTENTIAL MARKERS pending further data:

IGF-1 kisspeptin inhibin-B 5-alpha reductase activity

FIGURE 2 Clinical, biochemical and radiological factors that may aid the clinician in distinguishing functional hypothalamic amenorrhoea
(FHA) and polycystic ovarian syndrome (PCOS) in women with secondary oligo/amenorrhoea. OGTT, oral glucose tolerance test; CRH,
corticotrophin-releasing hormone; AMH, anti-Miillerian Hormone; SHBG, sex hormone binding globulin; LH, luteinising hormone; BMI, body

mass index
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although PCOS and FHA are regarded as life-long conditions with
an underlying genetic basis, modifying factors such as BMI and age
can affect the phenotypic presentation. Thus, it is perfectly feasible
for a woman to drift between diagnoses as she, for example, gains
or looses weight and functionally behaves ‘as PCOS’ or ‘as FHA’ at
different times in her life.

In this review, features that were differentially altered between
FHA and PCOS included GnRH pulsatility, BMI, levels of LH, an-
drogens, insulin, AMH and SHBG, ET, BMD and cortisol response
to CRH. Other tests with discriminatory potential pending further
study included assessment of 5-alpha-reductase activity, leptin,
INSL3, IGF-1, kisspeptin and inhibin B levels (Table 1, Figure 2).
Future studies measuring all potential discriminatory clinical, bio-
chemical and radiological markers in all women presenting with sec-
ondary oligo/amenorrhoea would be of value in order that we may
attempt to objectively classify these two common causes of men-
strual disturbance.
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