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Adolescent polycystic ovary syndrome (PCOS) is characterized by androgen excess and
oligomenorrhea, and commonly driven by hepato-visceral fat excess (“central obesity”) ensuing from
a mismatch between prenatal and postnatal nutrition, on a background of genetic susceptibility.
There is no approved treatment for adolescent PCOS.

We report the pooled results of 2 pilot studies in nonobese girls with PCOS (N = 62, age 15.8 years)
that compared the effects of randomized treatment for 1 year, either with an oral estro-progestogen con-
traceptive (OC), or with a low-dose combination of spironolactone-pioglitazone-metformin (SPIOMET,
targeting the excess of ectopic fat).

Auxological and endocrine-metabolic variables (including fasting insulin, androgens, high-
molecular-weight adiponectin [HMW-adiponectin], and microRNA [miR]-451a), body composition
(dual x-ray absorptiometry) and hepato-visceral fat (magnetic resonance imaging) were assessed
on- and posttreatment. Data from menstrual diaries were combined with weekly salivary pro-
gesterone measurements to infer ovulation rates during the second and fourth quarter of the
posttreatment year.

OC and SPIOMET treatment reduced the androgen excess comparably, and had no differential effects
on total-body lean or fat mass. However, SPIOMET was accompanied by more broadly normalizing
effects, including on hepato-visceral fat and on circulating insulin, HMW-adiponectin, and miR-451a.
On average, there were 3-fold more ovulations post-SPIOMET than post-OC; normovulation was only
observed after SPIOMET; anovulation was >10-fold more prevalent post-OC.

Pooled results of randomized studies in nonobese adolescent girls with PCOS indicate that
SPIOMET treatment leads to an overall healthier, more insulin-sensitive condition—with less ectopic
fat—than OC treatment, and to a more normal posttreatment ovulation rate.
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There is no approved treatment for polycystic ovary syndrome (PCOS), a prevalent condition
in adolescent girls and young women [1, 2]. Many of these patients are guided into a trajectory
that starts with oral contraceptive (OC) treatment, leads into oligo-anovulatory subfertility,
then into the use of assisted reproductive techniques, and ultimately into pregnancies with
a double-to-triple risk for complications (such as gestational diabetes, preeclampsia, and pre-
term birth) potentially with lifelong sequelae in the offspring [2].

Evidence is converging toward the insight that adolescent PCOS is frequently driven
by hepato-visceral fat excess (“central obesity”) ensuing from a mismatch between (rather
restrictive) prenatal and (rather abundant) postnatal nutrition, on a background of (epi)
genetic susceptibility [3, 4, 5]. This insight has prompted the exploration of an alternative
treatment for PCOS consisting of the intake of a low-dose combination of spironolactone (a
mixed anti-androgen and anti-mineralocorticoid, also activating brown adipose tissue) [6]
with pioglitazone and metformin (2 insulin sensitizers acting through different mechanisms)
(SPIOMET) for 1 year. This combination proved to have more normalizing effects than OC
treatment, in particular, on ectopic fat excess, insulin sensitivity, and posttreatment ovula-
tion rate [7]. The limited power of the first study (N = 34) prompted the launch of a second
study with virtually identical design. Here we report the pooled results of both studies in
nonobese girls with PCOS (N = 62).

1. Materials and Methods
A. Study Population & Design

Both pilot studies (ISRCTN29234515 and ISRCTN11062950) had an open-label, randomized,
controlled design, and were conducted in the Adolescent Endocrinology Unit of Sant Joan
de Déu University Hospital, Barcelona, Spain. Recruitment was biased against overweight/
obesity because, in our setting, overweight/obese adolescent girls are primarily referred
to the Adolescent Obesity Unit rather than to the Adolescent Endocrinology Unit. In each
study, the on-treatment year was followed by a posttreatment year. Study completion rate
was 89% (62/71) (Fig. 1, flow chart).

The inclusion criteria were hirsutism (score > 8 on modified Ferriman-Gallwey scale),
oligomenorrhea (menstrual intervals > 45 days), gynecological age > 2.0 years, and ab-
sence of sexual activity (no need for contraception). Exclusion criteria were 21-hydroxylase
deficiency; glucose intolerance or diabetes; evidence of thyroid, liver, or kidney dysfunc-
tion; hyperprolactinemia; and prior use of medications affecting gonadal/adrenal function,
or carbohydrate/lipid metabolism [7, 8]. Mediterranean diet and regular exercise were
recommended to all participating girls; OC treatment consisted of 20 pg ethinylestradiol
plus 100 mg levonorgestrel for 21/28 days, and placebo for 7/28 days; SPIOMET treatment
consisted of a low-dose combination of spironolactone 50 mg/day, pioglitazone 7.5 mg/day,
and metformin 850 mg/day [7].

Age-matched, healthy girls (N = 52; mean age 16.3 years) recruited from nearby schools
served as controls. All had regular menstrual cycles, and none was hirsute or taking medication.

The primary endpoint was posttreatment ovulation rate; secondary outcomes in-
cluded hirsutism score, fasting insulin, androgens, lipids, high-molecular-weight (HMW)
adiponectin, C-reactive protein (CRP), carotid intima-media thickness (cIMT), body compo-
sition, and hepato-visceral fat [7]; circulating microRNA (miR)-451a could only be measured
in a subset of the participating girls (footnote below Table 1).

Blood sampling in both patients and controls was at all time points performed either in
the follicular phase of the menstrual cycle (days 3-7) or after 2 months of amenorrhea; at
study start, the ratio of amenorrheic to oligomenorrheic girls was 1 to 7.

B. Assessments

Birth weight, birth length, and body mass index (BMI) (and their Z-scores) were retrieved
from medical records. Endocrine-metabolic variables and cIMT were assessed as described
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Figure 1. Flow chart for Study 1 and Study 2.

[7, 8]. Homeostatic model assessment—insulin resistance (HOMA-IR) was calculated as
[fasting insulin in mU/L] x [fasting glucose in mg/dL]/405. Ovulation rates were inferred by
combining data from menstrual diaries and from progesterone concentrations assessed in
weekly saliva samples, obtained over 12 weeks in the second quarter and then 12 weeks in
the fourth quarter of the posttreatment year [7]. Progesterone was measured by enzyme-
linked immunosorbent assay (ELISA) (Novatec, Inmundiagnostica, cat# DSNOV25,
RRID:AB_2827743) [9]. Circulating miR-451a was measured as described [5], with results
expressed in Z-scores, using the data of healthy control girls as reference; circulating miR-
451a concentrations are known to be low in adolescent girls with PCOS (average Z-scores
between —3 and —4), and to associate negatively with the degree of androgen excess (as
judged by circulating testosterone or free androgen index, when the gonadotropic axis is not
silenced), with HOMA-IR, and with hepatic and visceral fat; a normalizing rise of circulating
miR-451a concentrations in adolescent girls with PCOS can thus point to a normalizing
course toward metabolic health, including toward a normal ovulation rate [5]. In a search
for a noninvasive, cycle-independent, on-treatment set of markers that allows to antici-
pate the posttreatment ovulation rate, we tested whether a “metabolic health Z-score”,
which combines the Z-scores of fasting insulinemia and circulating miR-451a, associated to
posttreatment ovulation rate.

Body composition was assessed by dual x-ray absorptiometry with a Lunar Prodigy and
Lunar software (version 3.4/3.5, Lunar Corp, Madison, Wisconsin); abdominal fat (subcu-
taneous and visceral) and hepatic fat were assessed by magnetic resonance imaging (MRI)
using a multiple-slice MRI 1.5 Tesla scan (Signa LX Echo Speed Plus Excite, General
Electric, Milwaukee, Wisconsin), as described [7, 8].

C. Statistics & Ethics

Statistical analyses were performed with SPSS 23.0 (IBM, Armonk, New York). Longitudinal
changes in quantitative variables between groups were compared by repeated-measures


https://doi.org/10.1210/jendso/bvaa032

4 | Journal of the Endocrine Society | doi: 10.1210/jendso/bvaa032

(TT/1otw)

€00 F¥0°0- ,S00F€0°0- S00FEI0 S0O0FLIO SO0OFOLO €00FIT0- €00F 600 ,800FF90 GO0FGLO €00F990 €00F890 €00F090 [0a00A[3[A0eL],
8 b
200 F 700 5300 F¥0°0- ,60°0 ¥ 350 00 F8L'0 300 F 30 30°0F 00 0°0F80°04300FSGE0 ,60°0F 080 00F350 G00FE30 300F3E0 (7esM) 199
00 F 000 Z00FI00- BO0OFLEO B0OOFLEO0 G00FSE0 G0O'0OF000 300F000 30°0FLE0 BO0FLEO B00FLZO0 BGOOFLEZO &00FS30 (7/veM) LSV
%0°0 F 000" ,60°0 F00°0- 300F €30 G00FEE0 G0°0FEZ0 €0°0FS00- 30°0F600 30°0FLE0 ,£00F3E0 300F€EB0 . 60°0FEE0 300F0L0 (vex) L1V
whOom.N
ZOF00 s£0F8% T0F90 L,0F90 HPOFS8E CO0F90- C0F30 GOFIE G0FLE TVOFGE €0F3ee - BIWOUINSU] UBSIA]
m.ﬂoom.N Nﬁamu
T0F00 LJIOFTO- TOFTO0 LIOFTO TO0FE0 TOFTO TOFTO TOFIO IT0F30 TOFTO 10F3%0 - -A1H uBaN LIDO
COFT0 ,L0F60° BOFET LI0FBT GOFIE €0F80 CGOFFO0 ,60F30G €0F0E €0F¥9% . B0F€0 T0F9T YI-VINOH
(7/10wd)
LFL 5L F LG LF6¥ oL F TV LF69 L F 8% LF1G L F 9L oL FYOT LFES ol TOL LF6¥ urnsuy uysey
w&oom.N m.ﬁoﬂu
90FLT VOFTE  90F8T ,£0F10 ¥0FG0 GOFTE €0F0% ,S0F3G ,G0F60° €0FLT E0FSQT Z0F00  -oU9soIpuy ooiq
®.~Oom.N
LOFGCT 60FLG LLOFO0G LE0FG0 60F3€ LOFEE 90F03 ,80F9¢ L,L0FE€0 ¢0F€e . S0F6%C ZO0F00  OUu0IIS0IsaT, 90a]
(T7/10w)
90FS8T ¥0F33 90FES L,L0FSE FOFLG G0FTe €0FET 90FLS ,B0FSE €0F8Y  E0FEC Z0FGE  OUOIPOUd)SOIPUY
(/1owu)
ZOFP0 GOFLO  L,B0FBT LI0F80 GOFGI ZOF60 TO0F90° ,B0F9T LI0FLO TOFET TOFPT T0F L0 QU0IRIS0ISTY,
sGF L sGFG £ F 68 ZF3E ZF 08 S F 63 ¥ F 08 o€ F 38 WS FI9 ZFIE 18 T 08 €F g9 (7/rowu) HIHS
1F3 sTFG JIF6 PLFIT 1591 150 IF¢ TF¥I PLFVI TFLI TFLT - 91008 WSHNSITH
(wo) 9oue
150 L80F¢ 1FVL SLFTL ZFLL 150 1F3 ZFSL 46 F 8L 3 FOL 1FLL 1F¥L -T9JWNOILY) ISTEA
TING 03 $USom
T'0F00 LI'0F00 €O0F¥IT  €0FFIT €O0FFT TOFIO TO0F30 €0F8T (ELOFLT €0FST ,BO0FPT Z0F 30 YL 910087, Y
€0FT0 LI0OFIO ZO0FS80 GOFLO 3TOFS0 €0FT0 TO0FE0 CO0FET (QOFILT 3B0F¥60 ,,T0F80 T0F00 91008-7 TING
ZOF00 £0F30- LOF6'€ LOF6EE LOFEPE €0F50 €0FLO0O 80FIS¢E ,80F6%8 LOFGPs ,S0FG¥e €0FETs (;u/3%) TING
- - - - G0FLCT - - - - G0F6CT BO0FS8CT TO0FEIT (1£) @3y
(1£)
- - - - ZOFOTL - - - - TOFOTIL _TOFOTIL TOFFGL  OUYIEUSIN 3e o8y
- - - - T0F90" - - - - g0¥90- L. T0F90- T'0F 30 9100S-7 JYSromysIryg
owr $g-gLV oW g[—0V ow g ow g (HEIS oW gV OW g0y oW g ow g1 NGR:H TS (29 =N) g =N)
S0Dd s[oxuo)

(1e=N) LHINOIdS

(1€ = N) [911S9510U0AdT-[OTPRIISI[AUTYIH

I0 (I€ = N) [011S0SI0UOAT-[OIPRIISO[AUIYIH AT} 0) PIZIWOPURY I\ OYM (SODd) 2WOIPULS ATRA( O1ISAIL[O YA S[IIY) JUSISI[OPY WO ] BIe(

Syjuouw g I0J pajearjun A[puanbasqns pouTewar oYM pue ‘SYJUoy ZI 10J (1€ = N) UTULIOJII\-oU0ZBII[SOI J-ouojoejouoirdg aso(q-mMo]

‘1 oIq®],



https://doi.org/10.1210/jendso/bvaa032

doi: 10.1210/jendso/bvaa032 | Journal of the Endocrine Society | 5

dnoas [o13u00 pue 3ae)s 38 SONJ [[B Weeamiaq 1000 S d, PueI005d,, ‘600>dx

(v) @8ueYpd §g-gT % oW gI-Q 10J sdnoidqns usamyaq 100°0 5 ds ‘100 5 d; ‘¢0°0 >d

(V) @3ueyp ow $g-g] 2 oW gZ[-0 10 sdnoxsqns uryitm 1000 S dpPUe 1005 d, ‘S0°0 >d

11818 78 sdNoIZqNS POZIWOPULL USOMIO( SOOUSISJJIP JUBOYTUSTS OU,,

(9T = u ‘ow yg 18 LHINOIJS ‘ST = U OW $3 18 DO ‘75 = U ‘0W g 18 [HINOIS ‘¢g = U ‘0W gT 18 DO 6 = U 8IS 18 LHINOIJS ‘3T = U 18IS 38 DO ‘g1 = U ‘S[0IjU0d) BT GH-yIur,
{uInqo[8 SUIPUIq-ouUOUWIOY XS ‘HFHS 1597 90UBIS[0)

9s00N[3 T8I0 [[HO ‘BISH-VNYOIOIW ‘BICH-YIW SSOUNIIY] BIPOW-BWIIUL [,]\[] :90UBISISOI UINSUL - JUSWISSISSB [9POW SISBISOdWOY ‘Y[-YINOH ‘Uroauodipe 1ySem-IB[nos[ow
-y81y ‘unpoeuodipe WNH ‘Arjewornydiosqe ABI-X [enp YX (I XOpul ssewW Apoq ‘TN ‘£IISUSp [BISUITW oUO] ‘(TN -SULSBUWIT 90UBUOSAI O1JOUSBW [BUTWOPJR ‘TYIN PV :SUOIRIASIQY
‘INHS F UBOW 918 SoN[BA

TF0 51 8- TF0T pL 0T T 81 GF e T1+3 L F LT TF+6I1 TFLT el T LT TF0T (%) yesd I9ATT

CFI1 WV F6" € F9¢€ q6 F S€ EF VP €F 9 EFV € F6¢ V¥ oy EF IV a0 T EV T+8% ANEOV 3y [BI90SIA
(zu)

6F7¥- IT ¥ 8- €6 F L91 6T ¥ ILT T¢F6LT [ 6 F ¢4l 0% + 08T 61 + ¥8T 8T +691  VIFVLI 6 F76 1B oqhS THIN PAV

90F¥0- 80FT0 LTFT1¢¢6 ¥VI1+9cc 9TFVee 90F¢0 GOF¥IT 9TFVEG ,91F¢€¢ VIF8IG OTFT1¢c - (33]) sseN req

€0F90 E0FT0 80FT19¢ 80+F9¢ 60F¢¢E ¢GOFT0 POFLO 60F99€ 60F¥9¢ 80FLCE 90F9¢¢ - (831) ssey uea]

100 #3600 TO0+000 ¢G00FIET c00+6T'T 2G00+61'T TOO+TO0 TOOFTO0 (¢0°0F028T G0O0+6L'T G00+8T'T TO0F6TT - ANEu\mv aNd vd

P

- - LV 0F 90T T€0+LEO 61°0FcCE¢E - - 9T'0 +69°¢- GT'0F1€€E GI'0F9L€E [ IT°0FLGE 8G0+F000 910987 BIGy-YI
(SHww) aanssaxg

T+T1- oL G TF0L TF+1IL TF+€L TF+T1- TF€ TFEL L F+7VL TF+1IL TF3L TF0L Poorg o1oiser(q
(SHww) aans

GFC o6 F V- GFVIL ql +CI1 TF911 GF 6 GFC ¢F+oll TFGIT ¢+ EIl TFGI1T TFEIT -so1d poo[q d1[03sLg

10" ¥ 00° o,[000+30- TO0+9E HI00+¢9€ T100+FLE IO+ T0- 00 +00 410" +9¢ 10" F L€ 10" F L€ 00" ¥ L& - (wwr) TN pryore)
(7/10ww)

6'0F00 s8E€EFVOI- 6'0FL9 HB0FL9 8EFTLL LGFLY9 SE€EFVEL 8EFTICL B8EF8VE 6T+¥VIT __6TFEVI 6°0F L9 UdoLd 9A130BIY-D
(T/8w)

26 F L- JLCF00T  ,9TFE0T WH9CFTLT 60FTL GTF+€0- TT+9%C 80+98 €T+68 90F¢99 +*9'0F 89 80F¥¢6 unoouodipe-pMNH
(T7/10UUr)

IO+ 1°0- GLOFT°0 JOFET LTOFPT TOFE€T TOFT0 T0F00 TOFVI TOF€T TOFET TOF€ET TOFVTI [od93s9[0YO-"TAH
(7/10wra)

LL'0F G0 sL0F00 pL’'0F0C T0F3% T'0F¥3%% T0+¢0- TO+¥0 HI'0FG%C pL0OF LG T0F€%C T0F€%G T'0¥3% (0193890 2-TAT

oW yg—gIV owgi—QV owr g o g1 e HEIS owr yg—¢gIlV o g0V ow yg o g1 MBS (@9=N) (@¢=N)

SODd s[onuoyn

(1e=N) LAINOIdS (1€ = N) [911S9510U0AT-[OTPRIISI[AUTYIT

penunjuo) ‘[ d[qel,


https://doi.org/10.1210/jendso/bvaa032

6 | Journal of the Endocrine Society | doi: 10.1210/jendso/bvaa032

general linear model. Differences in longitudinal changes between groups were tested by
the interaction term among between- and within-subject effects. P < 0.05 was considered
significant. Data are presented as mean * standard error of the mean (SEM).

The studies were conducted after approval by the Institutional Review Board of Sant
Joan de Déu Hospital, after written informed consent by the parents, and after assent by
each participating girl.

2. Results

Table 1 summarizes the pooled results, which indicate that SPIOMET treatment was
accompanied by more broadly normalizing effects than OC, including for waist circumfer-
ence, circulating insulin, HMW-adiponectin and CRP, cIMT, as well as on visceral and he-
patic fat (Fig. 2).

Table 2 shows that there were a mean 3-fold and a median 5-fold more ovulations after
SPIOMET than OC; normovulation (as judged by 5 or 6 ovulations over 24 weeks) was only
observed after SPIOMET; anovulation (as judged by 0 or 1 ovulation over 24 weeks) was >
10-fold more frequent after OC. Menstrual regularity after SPIOMET (90%) was only 2-fold
more prevalent than after OC (42%), thus underestimated the difference in ovulation rates.

Fig. 3illustrates that the randomized treatments led to marked differences in on-treatment
metabolic health (as judged by combined Z-scores of fasting insulin and miR-451a) and in
posttreatment ovulation rate, both of which were more normalized after SPIOMET.

3. Discussion

Pooled data corroborated SPIOMET as a combination treatment that is accompanied by
more normalization of the endocrine-metabolic status, and is followed by markedly more
ovulations than OC in nonobese adolescent girls with PCOS. The consistency of the ovula-
tion rates across the posttreatment year suggests that the lower ovulation rates after OC
are attributable to persistence of the underpinning PCOS pathophysiology rather than to
residual inhibition of the gonadotropic axis. In healthy young women, ovulatory function is
known to recover within 3 months after stopping OC treatment [10, 11].

Ectopic adiposity and insulin resistance failed to improve during standard treatment
with OC. In contrast, SPIOMET treatment was accompanied by a loss of hepato-visceral
fat excess and by a normalization of insulin sensitivity (as judged by HOMA-IR, and by
the insulin response to an oral glucose load), both of which were maintained during the

Hepatic fat (%)

0 6 12 18 24 mo

Figure 2. Hepatic fat content (by magnetic resonance imaging) in nonobese adolescent girls
with PCOS who were randomized to receive either an oral contraceptive (OC; N = 31; red
circles) for 12 months, or a low-dose combination of spironolactone-pioglitazone-metformin
(SPIOMET; N = 31; blue 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.
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Table 2. Posttreatment 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 to 18 months (posttreatment months 3-6) and 21 to 24 months (posttreatment months
9-12)

oC SPIOMET
N=31 N=31

15-18 mo 21-24 mo Total 15-18 mo 21-24 mo Total
(12 wk) (12 wk) (24 wk) (12 wk) (12 wk) (24 wk)

Mean number of ovulations 0.8+0.1 08+0.1 1.6+02 23+02" 22+02" 45103
+ SEM

Median number of ovulations 1 (0-1) 1(0-1) 1 (1-3) 3 (2-3)* 2 (2-3)* 5 (3-6)*
(interquartile range)

Normo-ovulatory fraction (%) - . 0 - - 62"

5 or 6 ovulations /24 wk

Oligo-ovulatory fraction (%) -- -- 47 -- - 35

2, 3, or 4 ovulations /24 wk

An-ovulatory fraction (%) -- -- 53 -- -- 3*

0 or 1 ovulation /24 wk

#P <0.0001 between subgroups

*k%k

44 SPIOMET

P

oC

Post-treatment number of
ovulations over 6 mo
w
1

0'_I_I_I_| T T T T

76 -54-3-2-101 23

Metabolic health Z-score as judged
by fasting insulin and miR-451a

Figure 3. Randomized treatment of adolescent girls with PCOS, either with an oral contra-
ceptive (OC) or with a low-dose combination of spironolactone-pioglitazone-metformin
(SPIOMET) for 12 months, results in an on-treatment difference of metabolic health (N = 22
vs 24) and in a posttreatment difference of ovulation rate (N = 30 vs 29), so that this com-
bined metabolic-reproductive outcome is markedly to the advantage of SPIOMET. Metabolic
health Z-score was calculated by subtracting the Z-score of fasting insulin from the Z-score
of circulating miR-451a after 12 months on treatment. Posttreatment number of ovulations
over 6 months was inferred by combining data from menstrual diaries and weekly proges-
terone measurements in saliva over 12 + 12 weeks, between posttreatment months 3 to 6 and
9 to 12. Body weight did not change in either subgroup. The breadth and height of the boxes
represent the ranges from —1 SD to +1 SD, respectively, for metabolic health Z-score and ovu-
lation number. *** P <(0.0001.

posttreatment year, via mechanisms that remain to be identified. The downward normali-
zation of liver fat on SPIOMET may partly relate to the upward normalization of circulating
miR-451a, which reduces the expression of thyroid hormone responsive spot 14 (THRSP),
the key gene driving liver steatosis [12, 13].

The present findings corroborate the concept that insulin resistance reflects ectopic lipid
accumulation, particularly in the liver, and that it precedes the development of disorders
such as type 2 diabetes and nonalcoholic fatty liver disease [14]. Increased hepatic fat and
insulin resistance are prevalent findings in both nonobese and obese adolescents with PCOS,
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and seem to relate to the underpinning PCOS pathophysiology rather than to testosterone
concentrations [15, 16]. Targeting a reduction in androgen levels may thus not be the best
choice to normalize the entire PCOS phenotype and to address subsequent comorbidities.
The diverging effects of OC and SPIOMET on insulin resistance and ectopic fat (Fig. 3) may
herald diverging influences on subsequent risk for PCOS-associated disorders such as an-
ovulatory subfertility, gestational diabetes, and/or type 2 diabetes.

The present results remain to be further confirmed in larger and more diverse PCOS
populations, including in girls with obesity, with different ethnic and developmental
backgrounds, and with other environmental exposures. In addition, SPIOMET’s capacity to
reduce an excess of liver fat while total body weight remains virtually unchanged (Fig. 2),
remains to be tested beyond PCOS settings, in older age ranges, and in a cascade of fatty
liver diseases, including nonalcoholic steatohepatitis.

In conclusion, pooled results in nonobese adolescent girls with PCOS confirmed SPIOMET
as a treatment that attenuates insulin resistance, reduces ectopic adiposity, and is followed
by a more normal ovulation rate than OC.
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