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Editorial on the Research Topic

Glucocorticoid and bone: Friend or foe?
Introduction

Glucocorticoids have potent anti−inflammatory effects and their discovery in 1948

improved therapy for many diseases with chronic inflammation noticeably. However,

glucocorticoid treatment causes severe side effects, including bone loss and increased

fracture risk. The first studies on the interaction between glucocorticoids and bone were

published shortly after their discovery over 60 years ago and interest on the interaction

between endogenous and exogenous glucocorticoids and bone grows (Figure 1). The

collection of articles on the topic “Glucocorticoid and bone: friend or foe” consists of

original and review articles which summarize and elaborate on current knowledge of

basic mechanisms of glucocorticoid hormones and their receptors in bone cells and on

the clinical aspects of treatment and prevention of glucocorticoid-induced

osteoporosis (GIOP).
Exogenous and endogenous glucocorticoid
metabolism and bone

Endogenous glucocorticoid hormones are main mediators of stress responses and

besides regulating immune responses, they influence whole body homeostasis,

metabolism and tissue homeostasis including the skeletal system. The activity of

glucocorticoids within the cells is controlled by the enzymes 11b-hydroxysteroid
dehydrogenases 1 and 2 (11b-HSD1, 11b-HSD2) acting in opposing manners. 11b-
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FIGURE 1

Number of publications listed in pubmed on "glucocorticoids and bone" over the last 50 years.
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HSD1 converts the inactive hormone cortisone into the active

form cortisol, whereas 11b-HSD2 oxidizes cortisol into

cortisone. Local pre-receptor metabolism of glucocorticoids by

11ß-HSDs contributes to cell-type and tissue specific actions of

glucocorticoids that may influence metabolism and also bone

homeostasis. Martin et al. review the role of 11ß-HSD enzymes

and local metabolism in bone homeostasis and bone function

and discuss strategies how to modulate local glucocorticoid

metabolism in order to treat bone diseases.

Activated glucocorticoids bind to the glucocorticoid

receptor, a nuclear receptor that induces transactivation or

transrepression of different target genes depending on cell

types. Lee et al. discuss in their review the complexity of

glucocorticoid actions in different bone cell types on a

molecular level. They further summarize recent studies on

influences of therapeutic glucocorticoids on circadian rhythm

of endogenous glucocorticoid levels and the consequent impact

of the disturbed circadian rhythm on bone integrity.

The article of Gado et al. summarizes the effects and

molecular mechanisms of therapeutic glucocorticoids on bone

cells, specifically on osteoblasts and osteocytes and highlight

their implications for clinical therapy of GIOP.

The clinical impacts of endogenous hypercortisolism on

phosphate homeostasis are investigated by Bosman et al. in a

retrospective study on 99 patients with Cushing’s syndrome

(CS). 16% of patients with CS had hypophosphatemia, which

was associated with increased cortisol urinary excretion. In a

subset of patients, serum phosphate level increased significantly

after CS patients went into remission. The authors postulate that

possible mechanisms for urinary phosphate excretion could

include FGF23, BMI and parathyroid hormone levels.
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Treatment and prevention of
glucocorticoid-induced
osteoporosis

Hayes et al. addresses the difficulties and uncertainties on

starting and stopping bone-protective medication in GIOP. They

state that there is a low awareness of GIOP but also a lack of clear

guideline recommendations in particular for when to stop

osteoporosis treatment. Based on current evidence the advice is to

stop bone-protective medication 6-12 months after glucocorticoid

discontinuation, since fracture remains elevated for about one year

following glucocorticoid treatment cessation. Since it is widely

known from the Denosumab and Teriparatide Administration

(DATA) extension study that teriparatide followed by denosumab

is effective for treatment-naïve postmenopausal osteoporotic

women with an increase in femoral neck, total hip and spine

BMD (1), it is interesting to see whether this also counts for

patients on glucocorticoids. Hirooka et al. investigated sequential

treatment strategies in GIOP patients who were pre-treated with

bisphosphonates. The study demonstrates that the treatment

sequence of two years of teriparatide followed by two years of

denosumab leads to higher femoral neck bone mineral density

(BMD) gain than with 4 years of continuous denosumab treatment

(non-randomized). Only little is described on herbal medicines for

GIOP. Zhang et al. review the potential use of herbal compounds.

They describe that compounds like escin, ginsenosides and

glycyrrhizic acid exert anti-inflammatory properties like

glucocorticoids, but without inducing GIOP, and also compounds

such as tanshinol and icariin that alleviate GIOP through

mechanisms including regulation of Wnt and RANKL/

RANK signaling.
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GIOP in various diseases

This section includes articles on bone health and fracture

risk of rare conditions, which are frequently treated with high

dose glucocorticoids.

Box et al. review current evidence and mechanism of bone

loss and increased fracture risk in large and small vessel

vasculitides with a particular focus on the impact of high dose

glucocorticoids on bone health. The article also elaborates on

other factors that increase fracture risk including chronic

inflammation, organ involvement such as chronic kidney

disease and relative immobility. The increasing use of

adjunctive glucocorticoid-sparing treatments may have a

potential positive impact on fracture risk in patients

with vasculitis.

The observational study by Liu et al. presents quantitative

computer tomography BMD data of nineteen patients with

Duchenne muscular dystrophy (DMD) treated with high dose

glucocorticoids. The study shows a gradual overall BMD loss

over 2 years at the lumbar spine. A multilevel mixed effect model

identified age and functional activity scores but not cumulative

glucocorticoid exposure as independent predictors of BMD loss.

Rymuza et al. describes the impact of intravenous

methylprednisolone on bone microarchitecture in 15 patients

with graves orbitopathy. The study shows that trabecular bone

score decreased significantly in 33% of patients treated with high

dose intravenous methylprednisolone. The authors highlight the

need for fracture risk and BMD assessment in these patients.

In summary, glucocorticoid effects on bone are still not

completely understood, thus this topic is still a major research
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focus. The research topic provides state-of-the-art reviews and

novel molecular and therapeutic insights into the dichotomous

relationship between glucocorticoids and bone. Overall, novel

insights into the pathogenesis of GIOP may provide better

prevention and treatment strategies of affected patients.
Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.
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.
Reference
1. Leder BZ, Tsai JN, Uihlein AV, Burnett-Bowie S-AM, Zhu Y, Foley K, et al. Two
years of denosumab and teriparatide administration in postmenopausal women with
osteoporosis (The DATA Extension Study): A randomized controlled trial. J Clin
Endocrinol Metab (2014) 99(5):1694–700. doi: 10.1210/jc.2013-4440
frontiersin.org

https://doi.org/10.3389/fendo.2022.806361
https://doi.org/10.3389/fendo.2022.860413
https://doi.org/10.3389/fendo.2022.893600
https://doi.org/10.1210/jc.2013-4440
https://doi.org/10.3389/fendo.2022.995124
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Glucocorticoid and bone: Friend or foe
	Introduction
	Exogenous and endogenous glucocorticoid metabolism and bone
	Treatment and prevention of glucocorticoid-induced osteoporosis
	GIOP in various diseases
	Author contributions
	
Reference



<<
  /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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


