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A Commentary on:

In Utero Exposure to Metformin Reduces the Fertility of Male Offspring in Adulthood
By Faure MC, Khoueiry R, Quanico J, Acloque H, Guerquin MJ, Bertoldo MJ, Chevaleyre C, Ramé C,
Fournier I, Salzet M, Dupont J, Froment P. Front. Endocrinol. 2021;12:750145.
doi: 10.3389/fendo.2021.750145

It was with great interest that we read the manuscript of Faure et al. evaluating the impact of
metformin during mice pregnancies (1). We are concerned that the interpretation of the results
yielded by this study may confuse readers due to the suggestion of a deleterious effect in the human
male fetus. Indeed, a growing body of clinical scientific evidence suggests that the use of metformin
in obese pregnant women may reduce the risk of placenta-mediated complications such as
preeclampsia (2). In this context, it becomes essential for the scientific community, and for
clinician-researchers involved in maternal health to rely on the most truthful and accurate
information possible to adequately inform pregnant women who are contemplating the use of
metformin. In reading the article by Faure et al., one could conclude that the use of metformin is
detrimental to the future fecundity of the male fetus, in general. Our position is that this statement
is limited only to supra-physiological doses of metformin - in pregnant mice, and that it is
inappropriate to extrapolate the observation to humans in whom such high doses of metformin is
never recommended in a clinical setting.

In general, and as reported in the Faure et al. references, metformin is usually used at doses of
approximately 20 to 30 mg/kg in humans for the treatment of diabetes or polycystic ovary syndrome
(PCOS), both conditions being associated with female infertility and several pregnancy
complications. Pregnant women affected by obesity, diabetes and/or PCOS have an increased risk
for the hypertensive disorders of pregnancy, including preeclampsia, and metformin can reduce
such risk (3, 4). A recent systematic review of human studies demonstrates that metformin mediates
several molecular pathways implicated in the pathogenesis of pre-eclampsia and intrauterine
growth retardation (5). There is therefore a growing interest for the use of metformin in those
high-risk women. Since preeclampsia and other placenta-mediated complications of pregnancy are
often associated with fetal and maternal complications, including impaired development of male
fetus genitalia, that can have a long-term deleterious impact on both mother and child, there is an
urgent need to establish the safety of metformin in the fetus (6). In fact, a recent review of the
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literature suggests a lack of teratogenicity of metformin in
pregnancy and a significant decrease in adverse effects
including miscarriages and impaired embryo implantation with
its use (7). The author also demonstrated that metformin could
have positive effect on steroidogenesis and spermatogenesis in
men with metabolic disorders and it should be considered for the
improvement of male reproductive functions and fertility.

The study by Faure et al. used a metformin dose equivalent to
250 mg/kg/day in mice, a dose approximately 10 times higher
than that typically used in humans, to study the impact of
metformin on the gonadal function of the murine fetus
exposed to metformin during pregnancy. We believe this
observation should have then been followed by a second
validation study including an evaluation of the dose-response
effect using doses of metformin close to those usually used in
humans. It is not uncommon for a beneficial exposure to become
deleterious when the exposure is excessive. Faure et al. should
have specified that excessive exposure to metformin during
pregnancy in mice could potential ly affect gonadal
development in the male fetus, as opposed to generalizing a
potential negative effect of metformin during pregnancy.
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In conclusion, it is our hope that this study and our
commentary will encourage additional analyses of existing
studies, including a follow-up of children exposed to
metformin during pregnancy. In addition, it would certainly be
useful to consider studies in other animal models including dose-
response assessments.
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REFERENCES
1. Faure MC, Khoueiry R, Quanico J, Acloque H, Guerquin MJ, Bertoldo MJ, et al.

In Utero Exposure to Metformin Reduces the Fertility of Male Offspring in
Adulthood. Front Endocrinol (Lausanne) (2021) 12:750145. doi: 10.3389/
fendo.2021.750145

2. Kalafat E, Sukur YE, Abdi A, Thilaganathan B, Khalil A.Metformin for Prevention
of Hypertensive Disorders of Pregnancy in Women With Gestational Diabetes
or Obesity: Systematic Review and Meta-Analysis of Randomized Trials.
Ultrasound Obstet Gynecol (2018) 52(6):706–14. doi: 10.1002/uog.19084

3. Pan H, Xian P, Yang D, Zhang C, Tang H, He X, et al. Polycystic Ovary
Syndrome Is an Independent Risk Factor for Hypertensive Disorders of
Pregnancy: A Systematic Review, Meta-Analysis, and Meta-Regression.
Endocrine (2021) 74(3):518–29. doi: 10.1007/s12020-021-02886-9

4. Tarry-Adkins JL, Grant ID, Ozanne SE, Reynolds RM, Aiken CE. Efficacy and
Side Effect Profile of Different Formulations of Metformin: A Systematic
Review and Meta-Analysis. Diabetes Ther (2021) 12(7):1901–14. doi: 10.1007/
s13300-021-01058-2

5. Anness AR, Baldo A, Webb DR, Khalil A, Robinson TG, Mousa HA. Effect of
Metformin on Biomarkers of Placental- Mediated Disease: A Systematic
Review and Meta-Analysis. Placenta (2021) 107:51–8. doi: 10.1016/
j.placenta.2021.02.021
6. Chen Y, Sun L, Geng H, Lei X, Zhang J. Placental Pathology and Hypospadias.
Pediatr Res (2017) 81(3):489–95. doi: 10.1038/pr.2016.246

7. Shpakov AO. Improvement Effect of Metformin on Female and Male
Reproduct ion in Endocrine Pathologies and Its Mechanisms.
Pharmaceuticals (2021) 14(1):42. doi: 10.3390/ph14010042

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Cavalcanti and Bujold. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
January 2022 | Volume 12 | Article 815532

https://doi.org/10.3389/fendo.2021.750145
https://doi.org/10.3389/fendo.2021.750145
https://doi.org/10.1002/uog.19084
https://doi.org/10.1007/s12020-021-02886-9
https://doi.org/10.1007/s13300-021-01058-2
https://doi.org/10.1007/s13300-021-01058-2
https://doi.org/10.1016/j.placenta.2021.02.021
https://doi.org/10.1016/j.placenta.2021.02.021
https://doi.org/10.1038/pr.2016.246
https://doi.org/10.3390/ph14010042
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Commentary: In Utero Exposure to Metformin Reduces the Fertility of Male Offspring in Adulthood
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


