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Abstract: Background: Metformin is an effective treatment option for type 2 diabetes mellitus,
and it is, to this day, the most prescribed oral antiglycaemic drug. Besides its effects mainly on
mitochondprial activity, an off-label use came up as a pharmaceutical for subjects with a diagnosis
of polycystic ovarian syndrome (PCOS) along with altered steroid hormone homeostasis. Besides
these effects, even an influence on mood and social behavior was described, leading to the aim
of this case report to elucidate the effects before versus after treatment with metformin on steroid
hormones and social behavior. Methods: A female patient with diagnosed PCOS was analyzed three
times for steroid hormone levels. The first analysis was performed before treatment; the second,
after a period of 71 days with metformin at 2 x 500 mg; and the third, after a total of 144 days
with metformin at 2 x 500 mg. Spot urine probes were taken in the morning for a combined gas
chromatography—mass spectrometry (GC-MS), and the steroid levels were adjusted for creatinine
excretion. A questionnaire on social behavior (Autism Spectrum Questionnaire) was administered
before treatment and after 71 days. Results: A decrease in all the steroid hormones measured was
detected after 71 and 144 days of treatment with metformin, being more pronounced after 144 days
of treatment and highly significant (p < 0.001). Furthermore, in the untreated state, the class of
corticosterone metabolites showed increased values compared to the female reference values for
TH-11-DH-corticosterone, TH-corticosterone, and 5a-TH-corticosterone. In the class of estrogen
metabolites, increased values compared to the reference values were detected for 17b-estradiol; in
the class of 11-deoxycortisol metabolites, an increase in TH-11-deoxycortisol was detected. For the
class of cortisol metabolites, increased values compared to the reference values were detected for
cortisone, TH-cortisone, a-cortolone, b-cortolone, 20b-dihydrocortisone, cortisol, TH-cortisol, 5a-TH-
cortisol, a-cortol, 20b-dihydrocortisol, and 6b-OH-cortisol. No increases in androgen metabolites were
detected. Interestingly, weight decreased from 93.4 kg to 91.3 kg after 71 days and fell to 82.7 kg after
144 days of treatment. The skeletal muscle mass was 30.1 kg at the first visit, decreasing to 29.9 kg
and to 27.5 kg. No significant difference in the social behavior score from baseline to after 71 days of
treatment was detected. Discussion: Metformin improved the steroid hormone profiles from levels
above the upper reference values to the middle of the reference values after 71 days and to the lower
ends of the reference values after 144 days of treatment. This implies not only that metformin has
an effect on steroid hormone levels, but in addition that the efficacy of the pharmaceutical seems
to depend on the time interval from intake. To summarize, in this patient, steroid hormones were
affected but social behavior was not. If no effect of metformin on social behavior exists, this must be
supported by further cases.
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1. Introduction

Metformin is the first-line pharmacologic treatment for type 2 diabetes and the most
commonly prescribed drug for this condition worldwide, used either alone or in combina-
tion with insulin or other glucose-lowering therapies [1]. Metformin is a biguanide, a drug
class of herbal origin that has been widely used to treat diabetes since the 1950s [1]. The
side effects include gastrointestinal problems and lactic acidosis; however, these are seldom
severe, making this drug an excellent first-line treatment for diabetes [2-5]. Metformin
reduces the glucose production in liver cells through an inhibition of the complex I in the
mitochondria, while yielding further activation of AMPK (AMP-activated protein kinase),
even further reducing the gluconeogenesis in liver cells [6]. Furthermore, AMPK activity
has an antioxidant effect, resulting in reductions in both oxidative damage accumulation
and chronic inflammation [7-10]. This leads to a reduction in oxidative stress, which is
present in several illnesses ranging from genetic disorders and cancer to neurodevelop-
mental disorders with social withdrawal, even in the most severe form of autism [11-13].
Interestingly, ongoing clinical studies exist for the treatment of fragile-X-syndrome (FXS)
(the most common single-gene cause of autism), and this might lead the way in targeted
treatments for autism, especially as animal studies on FXS have demonstrated a hyperactive
insulin receptor [14-19]. In consequence, elucidating the effect of metformin on steroid
hormones seems fruitful for deepening our understanding of the biochemical mechanisms
targeted by this pharmaceutical, allowing the development of rational recommendations
on the usage of this pharmaceutical.

2. Materials and Methods
2.1. Case Participant

A 32-year-old female patient suffered from adiposity of WHO Grade I, with a body
mass index (BMI) of 34.1 kg/m?, dyslipidemia, and polycystic ovarian syndrome (PCOS)
diagnosed by a gynecologist. At the first appointment, we performed exhaustive car-
diopulmonary exercise testing on a cycle ergometer, starting at 20 watts and ending up
at 202 watts. The heart rate increased from 69/min to 179/min, the lactate concentration
was 6.27 mmol/L at the end, the Borg Scale value was 19 at the end, and the ECG did
not show any abnormalities. The measured physical activity measured with a wrist-worn
accelerometer (GeneActive Activinsights Ltd., Kimbolton, UK) showed a pattern of average
physical activity. The anthropometric measurements included a measurement of height
and a four-segment bioelectrical impedance analysis using the InBody 720 (InBody Co.,
Ltd., Seoul, Korea). Furthermore, to capture social behavioral aspects, a questionnaire was
administered, which is normally used in the autistic context, entailing 50 questions on social
behavioral aspects [20]. Furthermore, this questionnaire was developed by researchers
addressing steroid hormones directly for the understanding of social impairment [20]. The
questionnaire was administered at the first appointment and the second, but not at the third
appointment due to the patients’ wishes. After discussing the situation with the patient, we
recommended increasing the physical activity from one to two times a week to three to five
times per week (altering the intensity with sometimes more intense phases), recommended
therapy with 2 x 500 mg of metformin, and took a spot urine probe in the morning for
encompassing steroid hormone analysis with gas chromatography—mass spectrometry
(GC-MS) as previously described [21]. A second appointment was made after 71 days of
treatment, and a third appointment was made after 141 days, with the aim of losing weight
and improving the monthly bleeding cycle.

2.2. Statistical Analysis

The sum of all the steroid hormone metabolites for each measurement was calculated.
As Kolmogorov-Smirnov tests for each measurement indicated, at the level of p < 0.01, that
the data were not normally distributed, Friedman tests were performed to detect differ-
ences in steroid hormone levels between the three measurement points. The calculations
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were performed with GraphPad Prism (GraphPad Software, Inc., La Jolla, CA, USA) and
Microsoft Excel (Microsoft Inc., Redmond, WA, USA).

3. Results

The effects on anthropometry were impressive in terms of fat reduction while pre-
serving muscle mass. For the weight at the first appointment, 93.4 kg was measured; after
71 days, 91.3 kg; after 144 days, 82.7 kg. The skeletal muscle mass was 30.1 kg at the first
visit and decreased slightly to 29.9 kg at the second and to 27.5 kg at the third visit. The
body fat share decreased from 42.1% to 41.6% after 71 days and to 40.0% after 144 days.

The effects on steroid hormones are shown in Table 1 and Figure 1, where the decrease
in androgens was the most prominent. As it was revealed by the Kolmogorov-Smirnov
test for the first measurement (the K-S test statistic (D) was 0.287), for the second (the K-S
test statistic (D) was 0.379), and for the third (the K-S test statistic (D) was 0.379) that the
steroid hormone levels were not normally distributed (all three measurements, p < 0.001),
the Friedman test was performed. Highly significant differences (p < 0.001) for the steroid
hormone levels between the three measurement points were revealed by the Friedman test
(the X? statistic was 55.95 (2, N = 41)).
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Figure 1. The decreases in the metabolites after 71 and 144 days of treatment with metformin
compared to baseline values taken before treatment. It is interesting that, before the treatment,
these were often already in the normal ranges, with some too-high exceptions (see Table 1). After
treatment, these reached the lower ranges of the reference values. It is interesting that there was a
dose dependence, in that the values decreased with an increasing duration of treatment.

Interestingly, the levels of most of the cortisol and corticosterone metabolites were
increased; increased values compared to the reference values were detected for TH-11-
DH-corticosterone, TH-corticosterone, and 5a-TH-corticosterone. In the class of estrogen
metabolites, increased values compared to the reference values were detected for 17b-
estradiol; in the class of 11-deoxycortisol metabolites, an increase in TH-11-deoxycortisol
was detected. For the class of cortisol metabolites, increased values compared to the
reference values were detected for cortisone, TH-cortisone, a-cortolone, b-cortolone, 20b-
dihydrocortisone, cortisol, TH-cortisol, 5a-TH-cortisol, a-cortol, 20b-dihydrocortisol, and
6b-OH-cortisol. However, not one single metabolite from the androgen class was increased.

As mentioned, the questionnaire on social behavior was administered twice at the
first and the second visit, but not at the third visit, for personal reasons for the patient.
The answer pattern is shown in Figure S1. Concerning social behavior measured with the
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Autism Questionnaire, no change was detected, with a total score of 15 points occurring
twice; a subject without autism normally has a score of 16.4 points [2,20].

Table 1. A combined GC-MS was performed at the first visit (baseline measurement) with urine and
after 71 days of treatment at the second visit, and a third appointment was made after 141 days of
treatment with metformin.

First Second Third Reference
Visit Visit Visit
Metabolite Abbreviation (ug/24 h) (ug/24 h) (ug/24 h) (ug/24 h)
P;‘zgtzliﬁrl‘;er;e 17-Hydroxypregnanolone 17-HP 189.0 231.0 745 21-254
Pregnanediol PD 312.0 2941.0 188.6 72-1411
Pregnanetriol PT 655.0 621.0 342.9 150-806
11-Oxo-Pregnanetriol PTONE 12.0 3.0 8.5 6-36
Corticosterone TH-Deoxycorticost. THDOC 19.0 17.0 82 221
metabollites
TH-11-DH-corticost. THA 335.0 187.0 250.5 37-142
TH-corticosterone THB 298.0 93.0 944 54-206
5a-TH-corticosteron 5a-THB 640.0 194.0 185.2 78-338
Aldosterone TH-aldosterone THALDO 25.0 9.0 13.6 6-30
metabolites
Androgen metabolites Androsterone ANDRO 1556.0 982.0 850.4 184-1705
Etiocholanolone ETIO 1364.0 670.0 614.7 279-1825
Dihydroandrosterone DH-ANDRO 30.0 21.0 22.8 9-54
11-Oxo-etiocholanolone 11-OXO-ETIO 430.0 344.0 205.5 109-616
11b-OH-androsterone 11b-OH-ANDRO 1487.0 772.0 776.1 259-827
11b-OH-etiocholanolone 11b-OH-ETIO 429.0 340.0 107.6 63-633
Dehydroepiandrosterone DHEA 22.0 18.0 11.1 14-374
Androstenediol ANDRO-DIOL 36.0 23.0 8.0 14-144
16a-OH-DHEA 16a-OH-DHA 102.0 72.0 56.1 20-398
Androstenetriol 5-AT 130.0 60.0 71.2 51-399
Pregnenetriol 5-PT 138.0 24.0 273 8-253
Testosterone TESTOSTERONE 21.0 7.0 5.3 3-25
5a-Dihydrotestosterone 5a-DIHYDROTEST 22.0 18.0 18.5 3-28
Estrogen metabolites Estriol ESTRIOL 11.0 7.0 8.8 1-22
17b-Estradiol 17b-ESTRADIOL 8.0 5.0 5.7 1-7
11-Deoxycortisol TH-11-deoxycortisol THS 123.0 37.0 512 27-89
metabolites
Cortisol metabolites Cortisone CORTISONE 248.0 110.0 90.3 74-234
TH-cortisone THE 5684.0 2180.0 2810.7 1162-3430
a-cortolone a-CORTOLONE 1874.0 495.0 805.6 517-1397
b-cortolone b-CORTOLONE 832.0 240.0 388.7 222-632
20a-Dihydrocortison 20a-DHE 29.0 8.0 10.0 9-30
20b-Dihydrocortison 20b-DHE 90.0 27.0 30.3 27-86
Cortisol CORTISOL 198.0 59.0 65.1 43-160
TH-cortisol THF 3330.0 836.0 1287.1 672-1968
5a-TH-cortisol 5a-THF 2227.0 718.0 1061.8 266-1369
a-cortol a-CORTOL 433.0 99.0 174.5 125-372
b-cortol b-CORTOL 481.0 121.0 200.3 164-501
20a-Dihydrocortisol 20a-DHF 67.0 17.0 11.9 22-93
20b-Dihydrocortisol 20b-DHF 121.0 41.0 47.7 23-111
6b-OH-cortisol 6b-OH-F 264.0 81.0 78.6 41-191
18-OH-cortisol 18-OH-F 552.0 124.0 137.9 66-380
Total 24,824.0 12,852.0 11,207.2
4. Outlook

We show here a case with a combined GC-MS before treatment and decreased levels

of steroid hormones after 71 and even more pronounced after 144 days of therapy with
metformin at 500 mg twice a day. Interestingly, in parallel with the decrease in steroid
hormones, the body weight and, to a smaller extent, skeletal muscle mass decreased. The
androgen levels, normally described as characteristically increased in subjects with PCOS,
were not higher in this patient compared to the reference values [22]. As indicated from the
cardiopulmonary exercise testing, the physical state of the patient was good [23], allowing
the suggestion that a mild form of PCOS was present here, with androgen levels remaining
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within the reference range. The effect of metformin became stronger the longer the therapy
continued. The effect was the lowest for pregnanediol (a progesterone metabolite) and
the highest for pregnenetriol (an androgen metabolite). This seems to be in line with
the favorable use of metformin for PCOS mainly targeting androgens [24-27]. Here, the
effects on both steroid hormones and weight and body composition were pronounced. Of
course, the findings are limited by the fact that only one case is presented. Nevertheless, a
previously conducted power analysis according to the findings of Morin-Papunen et al.,
2003, indicates that, at the single-metabolite level, significant effects are to be expected for
even a sample size of seven patients [2,28]. In principle, metformin has a half-life of 6-8 h
and, in consequence, a steady state is reached after around 3040 h (after five half-lives—as
a rule of thumb, the distribution volume is saturated after five half-lives; it does not imply
that the pharmaceutical has the maximum effect) [29]. When focusing on reasons for the
increased steroid hormones, oxidative stress might be causative, which might result from
an increased 17,20-lyase-catalyzing activity of adrenal P450c17 through p38«x [11,30-33].
It was, in consequence, indicated that these actions contribute to the beneficial effects of
metformin [8,34]. Concerning mood and social behavior, it is important to mention that no
effect was detected in this case, which stands in contrast to findings from a behavioral mouse
model [34,35]. As, to date, neither the exact causes nor the biochemical basis of autism
have been conclusively elucidated, the treatment options are not yet exhausted. However,
we know from analyses of children with autism that there appears to be a change in the
cholesterol pathway, yielding altered steroid hormones [30-33]. Focusing on therapeutic
aspects, Bradstreet et al. had already, ten years ago, proposed spironolactone for autism in
order to target steroid hormones [36], and metformin was considered in the treatment of
the side-effects of antipsychotics in autism [37]. Interestingly, in a handful of patients being
treated for FXS, an improvement in overeating but also in irritability, aggression, and social
avoidance was detected [14-19]. As already mentioned, the mechanism might involve a
hyperactive insulin receptor, which is intuitive, as postmortem studies have shown that
the fragile mental retardation protein, the protein that is missing in FXS, is also deficient
in the brain in patients with idiopathic autism without a fragile X mutation [14-17]. As
insulin is closely related to steroid hormones, especially with glucocorticoids, a line of
reasoning can be developed [14-17]. Furthermore, individual case studies have shown
that macroorchidism did not develop in boys who started metformin clinically before
puberty [38], and two adults with FXS improved their IQ when using metformin for over
one year [39]. However, this case of a first patient analyzed with combined GC-MS remains
vague concerning the effect of metformin on social behavior. In consequence, the usability
of metformin for disorders such as autism remains vague. Further subjects need to be
analyzed to come to a valid conclusion if a clinical trial is meaningful and metformin is a
real treatment opportunity for disorders such as autism [2].

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/1ife12111736/s1. Figure S1: No effect on the total score was
detected, which was, at baseline measurement, 15 points and, after 71 days of treatment with
metformin twice a day at 500 mg, once again, 15 points. The average score for a patient without
autism is a score of 16.4, indicating no hints for autistic traits in this patient (2), (14). In detail, the
answer class definitely disagree was increased, whereas slightly disagree decreased from baseline
measurements (light gray) to the measurement after treatment (dark gray).
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B.G., M.M,, J.K, G.E., A.E. and A.S.-T.; software, G.E. and B.G.; validation, B.G., A.-E.C.,, G.E. and
A.E.; formal analysis, G.E. and A.-E.C.; investigation, B.G., G.E. and A.-E.C,; resources, G.E.; data
curation, B.G.; writing—original draft preparation, B.G. and A.-E.C.; writing—review and editing,
B.G., A-E.C.,, AS.-T. and M.M. Visualization, B.G.; supervision, A.S.-T., M.M., G.E. and B.G; project
administration, B.G.; funding acquisition, B.G. and M.M. All authors have read and agreed to the
published version of the manuscript.


https://www.mdpi.com/article/10.3390/life12111736/s1
https://www.mdpi.com/article/10.3390/life12111736/s1

Life 2022, 12,1736 6of 7

Funding: This study was supported by the Lindenhofstiftung, Gebauer Stiftung, Palatin Stiftung and
Julia Bangerter-Rhyner Stiftung. We thank for the constant support to unsolved the enigma of autism.

Institutional Review Board Statement: Ethics approval to conduct this trial was granted by the local
Ethics Committee (Project-ID: 2020-02913).

Informed Consent Statement: Informed consent from the patient was received.
Data Availability Statement: Data is available on qualified request to the corresponding author.

Conflicts of Interest: The authors declare having no conflict of interest.

References

1. Flory, J.; Lipska, K. Metformin in 2019. JAMA 2019, 321, 1926-1927. [CrossRef]

2. Gasser, B.; Kurz, J.; Buerki, S.; Mohaupt, M. Metformin-Treatment Option for Social Impairment? An Open Clinical Trial to
Elucidate the Effects of Metformin Treatment on Steroid Hormones and Social Behavior. Life 2022, 12, 998. [CrossRef]

3. American Diabetes Association. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes—2021.
Diabetes Care 2021, 44, S111-5124. [CrossRef]

4. Zhou,].; Massey, S.; Story, D.; Li, L. Metformin: An Old Drug with New Applications. Int. ]. Mol. Sci. 2018, 19, 2863. [CrossRef]

5. Wang, Y,; Liu, B.; Yang, Y.; Wang, Y.; Zhao, Z.; Miao, Z.; Zhu, ]. Metformin Exerts Antidepressant Effects by Regulated DNA
Hydroxymethylation. Epigenomics 2019, 11, 655-667. [CrossRef]

6. Viollet, B.; Guigas, B.; Garcia, N.S.; Leclerc, J.; Foretz, M.; Andreelli, F. Cellular and Molecular Mechanisms of Metformin:
An Overview. Clin. Sci. 2012, 122, 253-270. [CrossRef]

7. Hirsch, A.; Hahn, D.; Kempn4, P.; Hofer, G.; Nuoffer, ].-M.; Mullis, PE.; Fliick, C.E. Metformin Inhibits Human Androgen
Production by Regulating Steroidogenic Enzymes HSD3B2 and CYP17A1 and Complex I Activity of the Respiratory Chain.
Endocrinology 2012, 153, 4354-4366. [CrossRef]

8.  Martin-Montalvo, A.; Mercken, E.M.; Mitchell, S.J.; Palacios, H.H.; Mote, P.L.; Scheibye-Knudsen, M.; Gomes, A.P.; Ward, TM.;
Minor, R.K,; Blouin, M.-].; et al. Metformin Improves Healthspan and Lifespan in Mice. Nat. Commun. 2013, 4, 2192. [CrossRef]

9. Pedersen, B.K.; Saltin, B. Evidence for Prescribing Exercise as Therapy in Chronic Disease. Scand. |. Med. Sci. Sports 2006, 16, 3-63.
[CrossRef]

10. Lundberg, L.LE.; Nader, G.A. Molecular Effects of Exercise in Patients with Inflammatory Rheumatic Disease. Nat. Clin. Pract.
Rheumatol. 2008, 4, 597-604. [CrossRef]

11. Zhu, W.; Han, B.; Fan, M.; Wang, N.; Wang, H.; Zhu, H.; Cheng, T.; Zhao, S.; Song, H.; Qiao, J. Oxidative Stress Increases
the 17,20-Lyase-Catalyzing Activity of Adrenal P450c17 through P38« in the Development of Hyperandrogenism. Mol. Cell.
Endocrinol. 2019, 484, 25-33. [CrossRef]

12. Pangrazzi, L.; Balasco, L.; Bozzi, Y. Natural Antioxidants: A Novel Therapeutic Approach to Autism Spectrum Disorders?
Antioxidants 2020, 9, 1186. [CrossRef]

13.  Rossignol, D.A.; Frye, R.E. Evidence Linking Oxidative Stress, Mitochondrial Dysfunction, and Inflammation in the Brain of
Individuals with Autism. Front. Physiol. 2014, 5, 150. [CrossRef]

14. Aishworiya, R.; Valica, T.; Hagerman, R.; Restrepo, B. An Update on Psychopharmacological Treatment of Autism Spectrum
Disorder. Neurotherapeutics 2022, 19, 248-262. [CrossRef]

15. Gantois, I.; Popic, J.; Khoutorsky, A.; Sonenberg, N. Metformin for Treatment of Fragile X Syndrome and Other Neurological
Disorders. Annu. Rev. Med. 2019, 70, 167-181. [CrossRef]

16. Fatemi, S.H.; Folsom, T.D. The role of fragile X mental retardation protein in major mental disorders. Neuropharmacology 2011, 60,
1221-1226. [CrossRef]

17. Monyak, R.E.; Emerson, D.; Schoenfeld, B.P.; Zheng, X.; Chambers, D.B.; Rosenfelt, C.; Langer, S.; Hinchey, P.; Choi, C.H.;
McDonald, T.V,; et al. Insulin signaling misregulation underlies circadian and cognitive deficits in a Drosophila fragile X model.
Mol. Psychiatry 2016, 22, 1140-1148. [CrossRef]

18. Dy, A.B.; Tassone, E,; Eldeeb, M.; Salcedo-Arellano, M.; Tartaglia, N.; Hagerman, R. Metformin as targeted treatment in fragile X
syndrome. Clin. Genet. 2017, 93, 216-222. [CrossRef]

19. Biag, HM.B,; Potter, L.A.; Wilkins, V.; Afzal, S.; Rosvall, A.; Salcedo-Arellano, M.J.; Rajaratnam, A.; Manzano-Nunez, R.;
Schneider, A.; Tassone, F; et al. Metformin treatment in young children with fragile X syndrome. Mol. Genet. Genom. Med. 2019,
7,€956. [CrossRef]

20. Baron-Cohen, S.; Wheelwright, S.; Skinner, R.; Martin, J.; Clubley, E. The Autism-Spectrum Quotient (AQ): Evidence from
Asperger Syndrome/High-Functioning Autism, Males and Females, Scientists and Mathematicians. J. Autism Dev. Disord. 2001,
31, 5-17. [CrossRef]

21.  Vogt, B,; Dick, B.; N'Gankam, V.; Frey, FJ.; Frey, B.M. Reduced 11B-hydroxysteroid dehydrogenase activity in patients with the
nephrotic syndrome. J. Clin. Endocrinol. Metab. 1999, 84, 811-814. [PubMed]

22. Ye, W, Xie, T,; Song, Y.; Zhou, L. The role of androgen and its related signals in PCOS. J. Cell. Mol. Med. 2020, 25, 1825-1837.
[CrossRef] [PubMed]

23. ACSM. Guidelines for Exercise Testing and Prescription, 11th ed.; Wolters Kluwer Health: Philadelphia, PA, USA, 2021.


http://doi.org/10.1001/jama.2019.3805
http://doi.org/10.3390/life12070998
http://doi.org/10.2337/dc21-S009
http://doi.org/10.3390/ijms19102863
http://doi.org/10.2217/epi-2018-0187
http://doi.org/10.1042/CS20110386
http://doi.org/10.1210/en.2012-1145
http://doi.org/10.1038/ncomms3192
http://doi.org/10.1111/j.1600-0838.2006.00520.x
http://doi.org/10.1038/ncprheum0929
http://doi.org/10.1016/j.mce.2019.01.020
http://doi.org/10.3390/antiox9121186
http://doi.org/10.3389/fphys.2014.00150
http://doi.org/10.1007/s13311-022-01183-1
http://doi.org/10.1146/annurev-med-081117-041238
http://doi.org/10.1016/j.neuropharm.2010.11.011
http://doi.org/10.1038/mp.2016.51
http://doi.org/10.1111/cge.13039
http://doi.org/10.1002/mgg3.956
http://doi.org/10.1023/A:1005653411471
http://www.ncbi.nlm.nih.gov/pubmed/10022459
http://doi.org/10.1111/jcmm.16205
http://www.ncbi.nlm.nih.gov/pubmed/33369146

Life 2022, 12,1736 70of7

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Duan, X.; Zhou, M.; Zhou, G.; Zhu, Q.; Li, W. Effect of metformin on adiponectin in PCOS: A meta-analysis and a systematic
review. Eur. ]. Obstet. Gynecol. Reprod. Biol. 2021, 267, 61-67. [CrossRef] [PubMed]

Tan, X.; Li, S.; Chang, Y.; Fang, C.; Liu, H.; Zhang, X.; Wang, Y. Effect of metformin treatment during pregnancy on women with
PCOS: A systematic review and meta-analysis. Clin. Investig. Med. 2016, 39, 120-131. [CrossRef] [PubMed]

Burghen, G.A.; Givens, J.R.; Kitabchi, A.E. Correlation of Hyperandrogenism with Hyperinsulinism in Polycystic Ovarian
Disease*. J. Clin. Endocrinol. Metab. 1980, 50, 113-116. [CrossRef]

Nestler, ].E.; Jakubowicz, D.]. Lean Women with Polycystic Ovary Syndrome Respond to Insulin Reduction with Decreases in
Ovarian P450c17? Activity and Serum Androgens 1. J. Clin. Endocrinol. Metab. 1997, 82, 4075-4079. [CrossRef]

Morin-Papunen, L.; Vauhkonen, I.; Koivunen, R.; Ruokonen, A.; Martikainen, H.; Tapanainen, J.S. Metformin versus Ethinyl
Estradiol-Cyproterone Acetate in the Treatment of Nonobese Women with Polycystic Ovary Syndrome: A Randomized Study.
J. Clin. Endocrinol. Metab. 2003, 88, 148-156. [CrossRef]

Gong, L.; Goswami, S.; Giacomini, K.M.; Altman, R.B.; Klein, T.E. Metformin pathways: Pharmacokinetics and pharmacodynam-
ics. Pharm. Genom. 2012, 22, 820-827. [CrossRef]

Gasser, B.A.; Buerki, S.F; Kurz, J.; Mohaupt, M.G. Hyperandrogenism? Increased 17, 20-Lyase Activity? A Metanalysis and
Systematic Review of Altered Androgens in Boys and Girls with Autism. Int. J. Mol. Sci. 2021, 22, 12324. [CrossRef]

Gasser, B.A.; Kurz, ].; Dick, B.; Mohaupt, M.G. Steroid Metabolites Support Evidence of Autism as a Spectrum. Behav. Sci. 2019,
9, 52. [CrossRef]

Gasser, B.A.; Kurz, ].; Dick, B.; Mohaupt, M.G. Reply to “Alteration of Steroidogenesis in Boys with Autism Spectrum Disorders’.
Nat. Transl. Psychiatry 2021, 11, 278. [CrossRef] [PubMed]

Gasser, B.A.; Kurz, J.; Dick, B.; Mohaupt, M.G. Are Steroid Hormones Dysregulated in Autistic Girls? Diseases 2020, 8, 6.
[CrossRef] [PubMed]

Gasser, B.A.; Kurz, J.; Senn, W.; Escher, G.; Mohaupt, M.G. Stress-Induced Alterations of Social Behavior Are Reversible by
Antagonism of Steroid Hormones in C57/BL6 Mice. Naunyn. Schmiedebergs Arch. Pharmacol. 2020, 394, 127-135. [CrossRef]
[PubMed]

Wang, L.; Cai, Y,; Fan, X. Metformin Administration During Early Postnatal Life Rescues Autistic-Like Behaviors in the BTBR T+
Itpr3tf/] Mouse Model of Autism. Front. Behav. Neurosci. 2018, 12, 290. [CrossRef]

Bradstreet, J.].; Smith, S.; Granpeesheh, D.; El-Dahr, ].M.; Rossignol, D. Spironolactone might be a desirable immunologic and
hormonal intervention in autism spectrum disorders. Med. Hypotheses 2006, 68, 979-987. [CrossRef]

Wink, L.K.; Adams, R.; Pedapati, E.V.; Dominick, K.C.; Fox, E.; Buck, C.; Erickson, C.A. Brief report: Metformin for antipsy-
chotic_induced weight gain in youth with autism spectrum disorder. |. Autism Dev. Disord. 2017, 47, 2290-2294. [CrossRef]
Protic, D.; Kaluzhny, P.; Tassone, F.; Hagerman, R.J. Prepubertal metformin treatment in fragile X syndrome alleviated
macroorchidism: A case study. Adv. Clin. Transl. Res. 2019, 3, 1-5.

Protic, D.; Aydin, E.Y,; Tassone, F; Tan, M.M.; Hagerman, R.J.; Schneider, A. Cognitive and behavioral improvement in adults
with fragile X syndrome treated with metformin-two cases. Mol. Genet. Genom. Med. 2019, 7, €745. [CrossRef]


http://doi.org/10.1016/j.ejogrb.2021.10.022
http://www.ncbi.nlm.nih.gov/pubmed/34717078
http://doi.org/10.25011/cim.v39i4.27091
http://www.ncbi.nlm.nih.gov/pubmed/27619399
http://doi.org/10.1210/jcem-50-1-113
http://doi.org/10.1210/jc.82.12.4075
http://doi.org/10.1210/jc.2002-020997
http://doi.org/10.1097/FPC.0b013e3283559b22
http://doi.org/10.3390/ijms222212324
http://doi.org/10.3390/bs9050052
http://doi.org/10.1038/s41398-021-01393-9
http://www.ncbi.nlm.nih.gov/pubmed/33972510
http://doi.org/10.3390/diseases8010006
http://www.ncbi.nlm.nih.gov/pubmed/32183287
http://doi.org/10.1007/s00210-020-01970-7
http://www.ncbi.nlm.nih.gov/pubmed/32894324
http://doi.org/10.3389/fnbeh.2018.00290
http://doi.org/10.1016/j.mehy.2006.10.015
http://doi.org/10.1007/s10803-017-3132-2
http://doi.org/10.1002/mgg3.745

	1
	Introduction 
	Materials and Methods 
	Case Participant 
	Statistical Analysis 

	Results 
	References

