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3.1  Definition, Origins, and Diagnosis of Adolescent PCOS

Recent changes in the paradigm of adolescent polycystic ovary syndrome (PCOS) 
are summarized in Table 3.1 [1].

Adolescent PCOS is defined by the co-presence of irregular menses (as proxy for 
oligo-anovulation) and androgen excess (clinical + biochemical evidence) at least 
2  years after menarche, and by the exclusion of disorders such as an androgen- 
secreting tumor; ovarian morphology is not a criterion [2].

Worldwide, PCOS is the most prevalent endocrinopathy of adolescent girls 
(≈10%), and its prevalence is rising since, in essence, adolescent PCOS is the out-
come of a mismatch between a relatively energy-sparing (epi)genetic background and 
a relatively energy-rich environment [3]. In any variant of such a mismatch, there is a 
chronic need to store more fat than is safely feasible in subcutaneous adipose tissue, 
and the lipid excess ends up being stored in ectopic depots, notably in liver and viscera 
(= hepato-visceral fat excess, or central obesity). Adolescent PCOS is typically driven 
by an ensemble including central obesity, insulin resistance, LH hypersecretion, and 
low concentrations of circulating high-molecular-weight (HMW) adiponectin, which 
is a key adipokine with insulin-sensitizing properties [2–4].
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Adolescent PCOS is commonly heralded by an upward Z-score change from 
weight-at-birth to body mass index (BMI)-in-childhood; weight-at-birth tends to be 
below average in non-obese PCOS, but not in obese PCOS girls [5]. The magnitude 
of this Z-score increment is partly driven by genetic variants that control appetite 
and/or BMI [6]. A higher Z-score increment associates with more insulin resistance 
and with more central adiposity in childhood [7], and also with a faster maturation 
toward pubarche and menarche [8, 9].

Oligo-anovulation may result from an adaptive neuroendocrine response to a 
deficit of central fat (as in athletic amenorrhea) [10], or to an excess of central fat (as 
in obese PCOS and non-obese PCOS) [11, 12], and there is genetic variation in the 
hypothalamo-pituitary responsiveness to central adiposity. Girls genetically attuned 
to the harshest environments are nowadays the most vulnerable to develop PCOS 
under circumstances of physical inactivity and/or nutritional abundance [13, 14].

3.2  Treatment of Adolescent PCOS: Lifestyle, 
Estro-Progestagen, SPIOMET

There is still no EMA/FDA-approved treatment for adolescent PCOS. Given the cru-
cial role of central fat excess, the prime aim should be a preferential loss of central fat. 
Such a loss can revert the entire PCOS phenotype, and it can be achieved with sus-
tained lifestyle measures that involve multiple factors including diet, exercise, sleep, 
and biorhythm, all within an environment that may remain stubbornly obesogenic [15].

Failure to sustain these lifestyle measures is frequent, and the standard approach is 
then to add an oral estro-progestagen contraceptive [2, 16]. This adjunct silences the 
gonadotropic axis, reduces the androgen excess [in part via a pharmacological incre-
ment of circulating sex-hormone-binding globulin (SHBG)], and leads to regular and 

Table 3.1 Adolescent PCOS: a changing paradigm

Past Present
The essence of PCOS Highly heritable 

disorder of the 
hypothalamic-pituitary- 
ovarian axis

Mismatch disorder in obesogenic 
world: Absolute or relative excess of 
subc fat leads to ectopic adiposity and 
insulin resistance, on a background of 
genetic susceptibility (involving >19 
genes)

Sequence PCOS → fat excess Fat excess → PCOS
Forerunners Early androgen excess? Upward mismatch between BW 

Z-score and subsequent BMI Z-score 
→ early adrenarche/pubarche, → early 
puberty/menarche

Clinical presentation Hirsutism, severe acne/seborrhea, irregular menses
Diagnostic criteria
  •  Androgen excess
  •  Oligo-amenorrhea
  • Polycystic ovaries (US)

Presence of any 2 of the 
3 criteria

Presence of the 2 upper criteria

Subc subcutaneous, BMI body mass index, BW birth weight, US ultrasound
Adapted from [1]
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anovulatory pseudo-menses [2, 16], but it does not solve the core (or central- fat) prob-
lem, and thus channels the adolescent girl toward a post-treatment rebound of andro-
gen excess and oligo-anovulation, in other words, toward adult PCOS [12].

Alternative adjuncts could aim at enhancing the effects of lifestyle measures, by 
switching fat from ectopic to eutopic depots, and/or by stimulating brown adipose 
tissue (BAT) activity, thereby increasing energy expenditure. A first example of such 
an alternative adjunct could be SPIOMET, which is a fixed low-dose combination of 
three old and safe generics that act through different pathways: spironolactone (only 
50 mg/day), pioglitazone (only 7.5 mg/day), and metformin (only 850 mg/day).

Spironolactone has been used for >50 years as a mixed anti-androgen and anti- 
mineralocorticoid, and has recently been identified as a potent activator of BAT [17, 
18], and thus as a potential driver of energy expenditure. There are no major safety 
concerns when spironolactone is dosed at only 50 mg/d (≤1 mg/kg/day) in adoles-
cent girls with PCOS [19].

Pioglitazone has been used for >20 years as an anti-diabetes medication, in four- to 
six-fold higher doses than in SPIOMET. The observation that low-dose pioglitazone 
(7.5 mg/day) raises the concentrations of circulating HMW adiponectin [20] suggests 
that such a low dose acts as an inhibitor of cyclin-dependent kinase 5 (CDK5)-
mediated phosphorylation of peroxisome proliferator-activated receptor (PPAR)-Ƴ 
rather than as an activator of PPAR-Ƴ [21], also in the hypothalamus [22]. The uncer-
tainty around a potential risk for bladder cancer in older male patients with diabetes 
and with long-term, high-dose pioglitazone treatment has recently been cleared: there 
is no evidence for this risk, which is now considered to have been “a red herring” [23].

Metformin has been known for >20  years to have normalizing effects on the 
endocrine-metabolic state [24] and on the ovulation rate [25] of adolescent girls 
with PCOS.  Metformin monotherapy failed to reach the market for adolescent 
PCOS because it proved to be too cheap to be commercially viable [26]. The phar-
macokinetics of metformin in girls compare to those in women [27]. Metformin is 
well tolerated by adolescent girls with PCOS [24, 25], and also by younger girls at 
high risk of developing PCOS [28].

SPIOMET components have partially overlapping benefits that are essentially 
present with low doses, and have different side effects that are essentially absent 
with low doses. Hence, the SPIOMET concept is to aim for the presence of cumula-
tive effectiveness, and for the absence of safety concerns.

3.3  SPIOMET Experience in Adolescent Girls: Limited 
but Promising

So far, the effects of SPIOMET have only been investigated in two randomized 
controlled pilot studies (ISRCTN29234515 and ISRCTN11062950) that were based 
in Barcelona between 2012 and 2019 and were performed in non-obese girls with 
PCOS and with no need for contraception (total N = 62; mean age 16 year and BMI 
24 Kg/m2; treatment for 1  year; ovulation assessment during the post-treatment 
year). In these two studies, the effects of SPIOMET were compared to those of an 
oral contraceptive (OC; ethinylestradiol-levonorgestrel).
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Proof-of-concept by ISRCTN29234515 has been reported in 2017 [12] and has 
recently been confirmed by ISRCTN11062950 [29]. Indeed, pooled results from 
both studies disclosed that SPIOMET has more normalizing effects than OC, nota-
bly on insulin sensitivity, visceral fat, and liver fat (Fig. 3.1); there were a mean 
threefold (and even a median fivefold) more ovulations post-SPIOMET than post-
 OC (Fig. 3.2); normovulation was only observed post-SPIOMET; anovulation was 
>ten-fold more frequent post-OC [29].
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Fig. 3.1 Hepatic fat content (by magnetic resonance imaging) in non-obese adolescent girls with 
PCOS who were randomized to receive either an oral contraceptive (OC; N = 31; dark circles) for 
12  months or a low-dose combination of spironolactone-pioglitazone-metformin (SPIOMET; 
N = 31; white circles) for 12 months; subsequently, both subgroups were untreated for 12 months. 
Body weight did not change in either subgroup. The dotted line indicates the average level in 
healthy control girls of similar age. Results are expressed as mean ± SEM. P < 0.0001 for on- 
treatment change between subgroups. Modified from Reference 29
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Fig. 3.2 Post-treatment ovulation results in adolescent girls with polycystic ovary syndrome who 
were randomized to receive an oral contraceptive (OC) or low-dose spironolactone + pioglitazone 
+ metformin (SPIOMET) for 12 months and were subsequently followed for 12 months without 
treatment. Ovulations were assessed twice over 12 weeks, for a total of 24 weeks, between the 
study timepoints of 15–18  months (= post-treatment months 3–6) and 21–24  months (= post- 
treatment months 9–12). Both the ovulation number and the normovulatory fraction (%) were 
significantly higher (p < 0.0001) in girls receiving SPIOMET
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3.4  Perspective

Adolescence may provide an early opportunity to normalize the PCOS phenotype, 
and to prevent subsequent oligo-anovulation, and its consequences and comorbidi-
ties (Fig. 3.3).

SPIOMET’s efficacy and safety remain to be corroborated by a randomized, 
double-blind, multicenter study wherein the effects of SPIOMET (in a single tablet) 
are tested versus placebo, versus pioglitazone, and versus pioglitazone-plus- 
spironolactone, all on a background of standardized lifestyle measures, in larger 
study populations that are more diverse in genetic background and that span broader 
ranges of age and BMI.

Early intervention to prevent subsequent PCOS-related morbidity & costs 

SPIOMET
Normal

Fat Partitioning
Insulin Sensitivity

Adiponection
Androgens

Ovulation Rate

(Normal) (Normal)

PCOS PCOS PCOS PCOS
Ectopic Adiposity
Insulin Resistance
Low Adiponectin
Androgen Excess
Oligoanovulation

Ectopic Adiposity
Insulin Resistance
Low Adiponectin
Androgen Excess
Oligoanovulation

Pre-elcampsia
Diabetes

Preterm Delivey
(all x2 to x3)

High
Prevalence of
Neurological &
Other Sequelae

Adolescent Girl Young Women Pregnancy Offspring

OC ART

M
et

ab
ol

ic
 H

ea
lth

Fig. 3.3 Summary of how early SPIOMET treatment may prevent or reduce subsequent PCOS- 
related morbidity and costs. Adolescent girls with PCOS are rather unhealthy (= on the low/red 
side along the metabolic-health spectrum), and lifestyle measures are recommended for most of 
these girls, particularly when obese. Pharmacological treatment with an oral contraceptive (OC) 
reduces the androgen excess but fails to improve other markers of metabolic health. Post-OC oligo- 
anovulation may require the use of assisted reproductive technology (ART) in order to achieve a 
pregnancy. In turn, ART-induced pregnancies in women with PCOS are accompanied by a 
doubling- to-tripling of major complications, and followed by a higher prevalence of sequelae in 
the offspring. In contrast, pharmacological intervention with SPIOMET in adolescent girls with 
PCOS improves their metabolic health and leads to the virtual disappearance of the entire PCOS 
phenotype. The anticipation that there will be fewer complications in spontaneous post-SPIOMET 
pregnancies than in post-OC/ART pregnancies remains to be corroborated in future studies
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The primary endpoint of clinical relevance could be ovulation rate, but this is 
cumbersome to assess in adolescent girls [12]. Circulating microRNA-451a, either 
alone [30], or together with fasting insulinemia [29], are simple candidate proxies 
to gauge the normalization of the underpinning PCOS condition. Indeed, circulating 
microRNA-451a was recently identified as a biomarker that associates closely to 
androgen excess, insulin resistance, hepato-visceral adiposity, and ovulation rate in 
adolescent girls with PCOS [30].

Acknowledgments The authors declare no conflict of interest.
This study was supported by the Ministerio de Ciencia, Innovación y Universidades, Instituto 

de Salud Carlos III, and the Fondo Europeo de Desarrollo Regional (FEDER) (PI15/01078).

References

 1. Ibáñez L, de Zegher F.  Polycystic ovary syndrome in adolescent girls. Pediatr Obes. 
2020;15(2):e12586. https://doi.org/10.1111/ijpo.12586.

 2. Ibáñez L, et  al. An international consortium update: pathophysiology, diagnosis, and treat-
ment of polycystic ovarian syndrome in adolescence. Horm Res Paediatr. 2017;88(6):371–95. 
https://doi.org/10.1159/000479371.

 3. de Zegher F, et al. Central obesity, faster maturation, and 'PCOS' in girls. Trends Endocrinol 
Metab. 2018;29(12):815–8. https://doi.org/10.1016/j.tem.2018.09.005.

 4. McCartney CR, Marshall JC. Polycystic ovary syndrome. N Engl J Med. 2016;375(1):54–64. 
https://doi.org/10.1056/NEJMcp1514916.

 5. de Zegher F, et  al. Reduced prenatal weight gain and/or augmented postnatal weight 
gain precedes polycystic ovary syndrome in adolescent girls. Obesity (Silver Spring). 
2017;25(9):1486–9. https://doi.org/10.1002/oby.21935.

 6. Elks CE, et al. Associations between genetic obesity susceptibility and early postnatal fat and 
lean mass: an individual participant meta-analysis. JAMA Pediatr. 2014;168(12):1122–30. 
https://doi.org/10.1001/jamapediatrics.2014.1619.

 7. de Zegher F, et al. Towards a simple marker of hepato-visceral adiposity and insulin resis-
tance: the Z-score change from weight-at-birth to BMI-in-childhood. Pediatr Obes. 
2019;14(10):e12533. https://doi.org/10.1111/ijpo.12533.

 8. Ong KK, et al. Opposing influences of prenatal and postnatal weight gain on adrenarche in 
normal boys and girls. J Clin Endocrinol Metab. 2004;89(6):2647–51. https://doi.org/10.1210/
jc.2003- 031848.

 9. Sloboda DM, et  al. Age at menarche: influences of prenatal and postnatal growth. J Clin 
Endocrinol Metab. 2007;92(1):46–50. https://doi.org/10.1210/jc.2006- 1378.

 10. Frisch RE, et  al. Magnetic resonance imaging of overall and regional body fat, estro-
gen metabolism, and ovulation of athletes compared to controls. J Clin Endocrinol Metab. 
1993;77(2):471–7. https://doi.org/10.1210/jcem.77.2.8345054.

 11. Kuchenbecker WK, et al. In women with polycystic ovary syndrome and obesity, loss of intra- 
abdominal fat is associated with resumption of ovulation. Hum Reprod. 2011;26(9):2505–12. 
https://doi.org/10.1093/humrep/der229.

 12. Ibáñez L, et  al. Normalizing ovulation rate by preferential reduction of hepato-visceral fat 
in adolescent girls with polycystic ovary syndrome. J Adolesc Health. 2017;61(4):446–53. 
https://doi.org/10.1016/j.jadohealth.2017.04.010.

 13. Boyle JA, et al. Prevalence of polycystic ovary syndrome in a sample of indigenous women in 
Darwin. Aust Med J Aust. 2012;196:62–6. https://doi.org/10.5694/mja11.10553.

 14. Wijeyaratne CN, et al. Phenotype and metabolic profile of south Asian women with polycystic 
ovary syndrome (PCOS): results of a large database from a specialist endocrine clinic. Hum 
Reprod. 2011;26(1):202–13. https://doi.org/10.1093/humrep/deq310.

F. de Zegher and L. Ibáñez

https://doi.org/10.1111/ijpo.12586
https://doi.org/10.1159/000479371
https://doi.org/10.1016/j.tem.2018.09.005
https://doi.org/10.1056/NEJMcp1514916
https://doi.org/10.1002/oby.21935
https://doi.org/10.1001/jamapediatrics.2014.1619
https://doi.org/10.1111/ijpo.12533
https://doi.org/10.1210/jc.2003-031848
https://doi.org/10.1210/jc.2003-031848
https://doi.org/10.1210/jc.2006-1378
https://doi.org/10.1210/jcem.77.2.8345054
https://doi.org/10.1093/humrep/der229
https://doi.org/10.1016/j.jadohealth.2017.04.010
https://doi.org/10.5694/mja11.10553
https://doi.org/10.1093/humrep/deq310


31

 15. Lass N, et  al. Effect of lifestyle intervention on features of polycystic ovarian syndrome, 
metabolic syndrome, and intima-media thickness in obese adolescent girls. J Clin Endocrinol 
Metab. 2011;96(11):3533–40. https://doi.org/10.1210/jc.2011- 1609.

 16. Teede HJ, et  al. Recommendations from the international evidence-based guideline for the 
assessment and management of polycystic ovary syndrome [published correction appears in 
hum Reprod. 2019;34(2):388]. Hum Reprod 2018;33(9):1602–1618. https://doi.org/10.1093/
humrep/dey256.

 17. Thuzar M, et  al. Mineralocorticoid antagonism enhances brown adipose tissue func-
tion in humans: a randomized placebo-controlled cross-over study. Diabetes Obes Metab. 
2019;21(3):509–16. https://doi.org/10.1111/dom.13539.

 18. García-Beltran C, et al. (2019) Reduced circulating levels of chemokine CXCL14 in ado-
lescent girls with polycystic ovary syndrome: normalization after insulin sensitization. BMJ 
Open Diab Res & Care. 2020; 8(1):e001035. https://doi.org/10.1136/bmjdrc-2019-001035.

 19. Armstrong PW. Aldosterone antagonists--last man standing? N Engl J Med. 2011;364(1):79–80. 
https://doi.org/10.1056/NEJMe1012547.

 20. Ibáñez L, et al. Pioglitazone (7.5 mg/day) added to flutamide-metformin in women with andro-
gen excess: additional increments of visfatin and high molecular weight adiponectin. Clin 
Endocrinol. 2008;68(2):317–20. https://doi.org/10.1111/j.1365- 2265.2007.03137.x.

 21. Choi JH, et al. Anti-diabetic drugs inhibit obesity-linked phosphorylation of PPARgamma by 
Cdk5. Nature. 2010;466(7305):451–6. https://doi.org/10.1038/nature09291.

 22. Ryan KK, et al. A role for central nervous system PPAR-γ in the regulation of energy balance. 
Nat Med. 2011;17(5):623–6. https://doi.org/10.1038/nm.2349.

 23. Ryder REJ, DeFronzo RA. Pioglitazone: inexpensive; very effective at reducing HbA1c; no 
evidence of bladder cancer risk; plenty of evidence of cardiovascular benefit. Diabet Med. 
2019;36(9):1185–6. https://doi.org/10.1111/dme.14053.

 24. Ibáñez L, et al. Sensitization to insulin in adolescent girls to normalize hirsutism, hyperan-
drogenism, oligomenorrhea, dyslipidemia, and hyperinsulinism after precocious pubarche. J 
Clin Endocrinol Metab. 2000;85(10):3526–30. https://doi.org/10.1210/jcem.85.10.6908.

 25. Ibáñez L, et  al. Sensitization to insulin induces ovulation in nonobese adolescents with 
anovulatory hyperandrogenism. J Clin Endocrinol Metab. 2001;86(8):3595–8. https://doi.
org/10.1210/jcem.86.8.7756.

 26. https://cordis.europa.eu/project/rcn/110171/reporting/en.
 27. Sánchez-Infantes D, et  al. Pharmacokinetics of metformin in girls aged 9 years. Clin 

Pharmacokinet. 2011;50(11):735–8. https://doi.org/10.2165/11593970- 000000000- 00000.
 28. Ibáñez L, et al. Early metformin therapy (age 8-12 years) in girls with precocious pubarche 

to reduce hirsutism, androgen excess, and oligomenorrhea in adolescence. J Clin Endocrinol 
Metab. 2011;96(8):E1262–7. https://doi.org/10.1210/jc.2011- 0555.

 29. Ibáñez L, et al. Toward a treatment normalizing ovulation rate in adolescent girls with polycys-
tic ovary syndrome. J Endocr Soc. 2020 Mar 14;4(5):bvaa032. https://doi.org/10.1210/jendso/
bvaa032.

 30. Díaz M, et al. Low circulating levels of miR-451a in girls with polycystic ovary syndrome: dif-
ferent effects of randomized treatments. J Clin Endocrinol Metab. 2020; 105(3):dgz204. http://
doi.org/10.1210/clinem/dgz204.

3 Toward Adolescent Prevention of Adult Anovulation in Polycystic Ovary Syndrome

https://doi.org/10.1210/jc.2011-1609
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1093/humrep/dey256
https://doi.org/10.1111/dom.13539
https://doi.org/10.1136/bmjdrc-2019-001035
https://doi.org/10.1056/NEJMe1012547
https://doi.org/10.1111/j.1365-2265.2007.03137.x
https://doi.org/10.1038/nature09291
https://doi.org/10.1038/nm.2349
https://doi.org/10.1111/dme.14053
https://doi.org/10.1210/jcem.85.10.6908
https://doi.org/10.1210/jcem.86.8.7756
https://doi.org/10.1210/jcem.86.8.7756
https://cordis.europa.eu/project/rcn/110171/reporting/en
https://doi.org/10.2165/11593970-000000000-00000
https://doi.org/10.1210/jc.2011-0555
https://doi.org/10.1210/jendso/bvaa032
https://doi.org/10.1210/jendso/bvaa032
http://doi.org/10.1210/clinem/dgz204
http://doi.org/10.1210/clinem/dgz204

	3: Toward Adolescent Prevention of Adult Anovulation in Polycystic Ovary Syndrome
	3.1	 Definition, Origins, and Diagnosis of Adolescent PCOS
	3.2	 Treatment of Adolescent PCOS: Lifestyle, Estro-Progestagen, SPIOMET
	3.3	 SPIOMET Experience in Adolescent Girls: Limited but Promising
	3.4	 Perspective
	References


