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Anexa: articole originale publicate din tematica tezei de doctorat

Cuvinte cheie:
Osteoporoza masculina, hipogonadism, factori de risc, biopsie osoasa, compozitie corporala,
vitamina D, markeri ososi

Sinteza partilor principale ale tezei de doctorat
I. Sinteza bibliografica

Primul capitol este destinat incadrarii in contextul stiintific actual a subiectelor
abordate in partea de contributii personale ale tezei. Ne-am referit intr-un prim moment la
descrierea principalelor cauze endocrine ale osteoporozei masculine si am insistat asupra
mecanismelor osteoporozei din hipogonadism, etiologie mult dezbatutd in ultimii ani si
totodatad incomplet inteleasa.

Apoi, am descris si comentat principalele metode de masurare a densitdtii minerale
osoase (DMO). Densitatea osoasa este criteriul actual principal de diagnostic al osteoporozei,
in contextul in care masa osoasa este cel mai important determinant independent al rezistentei
osoase si sti la baza a aproximativ 80% din variatia acesteia. In stabilirea diagnosticului si a
strategiei terapeutice este insa nevoie de evaluarea corecta atat a DMO, cat si a altor factori de
risc ai osteoporozei, de aceea am prezentat si aspecte legate de acestia, insitdnd asupra
markerilor remodelarii osoase. De asemenea, am descris metoda analizei microrhitecturale
osoase, ce are la baza biopsia osoasa transilaca si care este destinatd completarii informatiilor
clinice cu elemente privind calitatea materialului 0sos.

In incheierea partii teoretice, am descris mijloacele terapeutice actuale ale

osteoporozei barbatului si efectele lor in studiile clinice internationale.

I1.1. Aspecte endocrino-metabolice ale osteoporozei barbatului varstnic: implicarea
clinicAi a nivelului de hormoni sexuali in determinarea densititii minerale si a
remodelarii osoase

Studiul si-a propus sa evalueze importanta clinica a dozarii serice a hormonilor sexuali
— testosteron si estradiol — in diagnosticul osteoporozei la barbatul varstnic fara alta patologie
dismetabolica asociatd. Secundar, sd evalueze modificarile markerilor umorali ai
metabolismului 0sos o datd cu varsta si ca elemente prognostice pentru osteoporoza la aceastd

categorie de barbati.



Cercetarea a fost de tip transversal, observationala. Lotul studiat a cuprins 69 de
pacienti de sex masculin cu varsta cuprinsa intre 50 si 70 ani. Osteodensitometria prin metoda
DXA (DPX-NT, GE Lunar Corporation, Madison, WI, SUA) a fost efectuatd la nivelul
coloanei vertebrale lombare (L;-Ls) si al soldului stang (regiunile de interes colul femural,
trohanterul mare si soldul total). Osteodensitometria prin metoda cantitativa ultrasonografica
(QUY) a fost efectuatd la nivelul calcaneului utilizand aparatul Achilles Express (GE-Lunar
Corp. Madison, WI, SUA). Probele de laborator au constat din dozarea sericd a
25(OH)vitaminei D, testosteronului total (T), estradiolului total (E), globulinei ce leaga
hormonii sexuali (SHBG), osteocalcinei (OC) umane, telopeptidului C-terminal al colagenului
de tip I seric (s-CTX), hormonului foliculostimulant, hormonului luteinizant, fosfatazei
alcaline totale, calcemiei, magneziemiei, si din dozarea urninara a calciuriei $1 magneziuriei.

Pentru analiza statistica s-a folosit softul SPSS 9.0 for Windows (SPSS Inc. Chicago,
IL, SUA). Calculul concentratiilor fractiunilor testosteronului si estradiolului s-a efectuat
utilizand formulele publicate de Vermeulen et al., folosind concentratia SHBG, constante
specifice de asociere si o albuminemie asumata ca si constantd, de 43 g/l. Metodele statistice
folosite au fost analiza bivariatd parametrica (utilizand coeficientul de corelatie al lui Pearson)
sau nonparametricd (utilizand coeficientul de corelatie al lui Spearman), testul ANOVA
asociat corectiei lui Bonferroni, testul Student pentru diferenta dintre medii si regresia liniara
simpla multivariatd; pentru metodele paraclinice au fost calculate sensibilitatea (Se) si
specificitatea (Sp), prin metoda curbei ROC (Receiver Operator Characteristics).

Studiul a urmarit corelarea valorilor T, E si fractiunilor calculate ale acestora (FT —
free testosterone — testosteron liber, FE — free estradiol — estradiol liber, BioT — testosteron
biodisponibil, BioE - estradiol biodisponibil, FAI — free androgen index — indicele de
androgeni liberi, FEI — free estradiol index — indicele estradiololui liber) cu valorile
densitometrice, ale markerilor ososi si ale 25-hidroxi-vitaminei D serice. BioE, E si FEI sunt
corelati cu OC, care la randul ei este determinant independent al DMO femurale si
trohanteriene. Din aceste relatii putem specula ca existd o asociere a fractiunii biodiponibile a
estradiolului cu DMO, ceea ce nu a fost constatat pentru testosteron. Corelatia simpla obtinuta
in studiul nostru intre sSCTX si scorul T vertebral si intre OC si densitatea femurala totala si
trohanteriana, si concomitenta lipsa a corelatiei T s1 E cu DMO recomanda evaluarea initiald a
metabolismului osos mai degraba prin markeri ososi decat prin dozarea hormonilor sexuali la
categoria de varsta 50-70 ani. Studiul nu este in favoarea dozarii de rutind a T, E, SHBG si a

calcularii fractiunilor acestora in vederea prezicerii unei DMO joase.



In contextul opiniilor internationale ce tind sa creascd pragul suficientei vitaminice D
peste 30 ng/ml, rezultatele studiului sustin beneficiul detinut de nivelele serice ale 25(OH)D
situate Tn segmentul superior al valorilor normale (>40 ng/ml) in mentinerea unei remodelari
osoase fiziologice. Vitamina D pare un factor mai important decat testosteronul liber in
determinarea nivelului remodelarii osoase si indirect a masei osoase la barbatul trecut de 50
de ani.

Metoda QUS nu este o metoda eficientd pentru depistarea osteoporozei barbatului,

avand Se si Sp prea scazute.

11.2. Metabolismul osos in hipogonadismul secundar deprivirii hormonale din terapia
adenocarcinomului prostatic: microarhitectura osoasa, densitatea minerala osoasa si
compozitia tisulara corporala pre- si post-tratament

Obiective studiului au fost evaluarea impactului deprivarii androgenice complete
asupra structurii arhitecturale osoase trabeculare si corticale, asupra celularitatii osului, vitezei
de crestere si mineralizare; aprecierea vitezei i precocitdtii impactului deprivarii hormonale
asupra osului; cercetarea modificarilor clinice precoce ale masei osoase, prin evaluarea
schimbarilor in densitatea minerald osoasa masurata prin metoda absorbtiometriei bi-fotonice
cu raze X (DXA) in diferite regiuni scheletale; evaluarea sensului si magnitudinii
modificdrilor compozitiei tisulare corporale in contextul hormonal amintit.

Studiul este de tip transversal, caz-martor, interventional. Lotul de studiu a fost
alcdtuit din 28 barbati cu diagnosticul de adenocarcinom prostatic si cu indicatie de castrare
chirurgicala sau hormonala cu intentie paliativa. Varsta medie a pacientilor a fost de 73,77 +
6,37 ani. Au fost exclusi din studiu subiectii cu boli metabolice sau metastaze osoase. Lotul a
fost impartit in doud categorii, una pre-tratament (,,0 luni”’), alta post-tratament (,,6 luni”).

DMO si compozitia tisulara corporala a fost masurata prin metoda DXA (Prodigy
Advance, GE Lunar Corporation, Madison, WI, SUA), pentru regiunile osoase de interes
(ROI) coloana vertebrald lombara L1-L4, sold total bilateral, col femural bilateral, radius
ultradistal al membrului nondominant, corp total. 8 pacienti la ,,0 luni” si 6 pacienti la ,,6 luni”
au fost supusi biopsiei osoase de tip bicortical, transiliac; aceasta a fost prelucrata in vederea
analizei microscopice si binarizarii imaginii pentru analizd computerizatd a parametrilor
histologici, histodinamici, microarhitecturali. Au fost masurati si calculati 48 de parametri
arhitecturali si celulari ososi.

Pentru compararea celor doua loturi intre ele, s-a folosit testul Mann-Whitney, unde a

fost luata in considerare o semnificatie statisticd mai micd de 0,05. Pentru stabilirea relatiilor



de reciprocitate intre variabile s-au folosit corelatii ne-parametrice, calculandu-se coeficientul
de corelatie al lui Spearman si semnificatia lui statistica, stabilita tot la 0,05.

In cele 6 luni de hipogonadism, parametrii corticali nu s-au modificat. La nivel
trabecular a existat o tendintd de scadere a grosimii trabeculare (Tb.Th). Numarul de
trabecule, volumul lor si distanta intertrabeculara nu au suferit modificdri. Suprafetele
osteoide trabeculare (OS/BS) au scazut semnificativ, p = 0,02. Volumul osteoid (OV/BV) a
avut tendintd de scidere (p = 0,081). In ceea ce priveste histodinamica, fractiunea activa a
suprafetelor osteoide (MS/OS) a crescut (p = 0,001), timpul de mineralizare osoasa (Mlt) a
scazut (p = 0,005), viteza de apozitie osteoidd (Aj.AR) a crescut (p = 0,005). Suprafetele in
curs de mineralizare §i rata de formare osoasd au ramas nemodificate. Numarului de
osteoclaste si suprafetele de resorbtie au ramas comparabile. Parametri descriptivi ai retelei
trabeculare au evoluat astfel: tendinta de crestere a numarului de extremitdti libere (FEC) si de
scadere a segmentelor implantate pe corticalda (CXS). Numarul de noduri nu a fost afectat.
Volumele stelare au avut o tendinta de scadere (V*TRAB). Indicele de interconectivitate (ICI)
a crescut puternic (p = 0,043). Numarul lui Euler-Poincaré a ramas nemodificat, la fel ca si
dimensiunile fractale.

Intre cele doua loturi nu au existat diferente semnificative ale DMO, ci doar o tendinti
a DMO vertebralda de a fi mai mica la lotul hipogonadic (p=0,12). Compartimentele
compozitiei tisulare nu au fost diferite intre stadiul eugonadic si cel hipogonadic.

Datele studiului sunt in favoarea unei functii osteoblastice pastrate, si a unei capacitati
de mineralizare a osului normald in primele 6 luni de hipogonadism. Tendinta de scadere a
grosimii trabeculare (Tb.Th), de crestere a numarul de extremitati libere (FEC), de scadere a
numarului segmentelor implantate pe corticalda (CXS) sugereaza o anumita dezorganizare a
retelei trabeculare la pacientii hipogonadici, fapt intdrit de cresterea semnificativd a indicelui
de interconectivitate (ICI). Prin urmare, alterarea microarhitecturii osoase in hipogonadismul
masculin complet pare sa urmeze aceleasi reguli precum cele gasite la femeile aflate in
menopauza. Modificarile microarhitecturale sunt vizibile precoce (la 6 luni), inaintea decelarii
prin DXA, si afecteaza calitatea mecanica a osului inaintea afectdrii masei osoase propriu-
zise; densitatea minerala osoasd nu se modifica, in primele 6 luni de hipogonadism, la nivelul
niciunei zone de masurare densitometrica. Nici compozitia tisulare nu se modificd in primele
6 luni.

Evaluarea comparativa a doud loturi inainte si precoce dupa tratament aduce elemente

noi pentru clarificarea tipului si ritmului de deteriorare osoasd la pacientii cu hipogonadism



complet. Exemplul de hipogonadism ales poate fi folosit ca sursd de informatie si in cazul
altor boli ce implica hipogonadism, mai ales la barbatul tanar.

Biopsia osoasa transiliacd se efectueazd cu complicatii absente sau minime (ex:
hematom local). Ea a fost practicata pentru prima datd la barbatii din Romania de catre
colectivul nostru si trebuie folosita in continuare drept cea mai bund metoda pentru elucidarea

fiziopatologiei osoase.

11.3. Compozitia tisulari corporala : influente asupra densitiatii minerale osoase la
barbat

Obiectivele acestui studiu au fost evaluarea importantei relative a cantitatii s1 a
procentului de tesut gras si slab in determinismul masei osoase densitometrice, compararea
efectelor compozitiei corporale asupra diferitelor regiuni de interes (ROI) osoase; secundar,
aprecierea relatiet DMO — compozitie corporald, in functie de varstd si de alti factori clinici
asociati independent.

Studiul este de tip transversal, observational; au fost retinuti 244 barbati, cu varste
cuprinse intre 20 si 87 ani. Criteriul de includere a fost varsta peste 20 de ani. Au fost excluse
persoanele cu antecedente de tratament osteoprotector sau alte afectiuni metabolice putand
influenta masa osoasa.

Pentru densitometria osoasa $i masurarea compozitiei corporale a fost folosita metoda
DXA (Prodigy Advance, GE Lunar Corporation, Madison, WI, SUA) pentru ROI coloana
vertebrald lombara L1-L4, sold total bilateral, col femural bilateral, radius ultradistal al
membrului nondominant, corp total. Masa de tesut gras si masa tisulard slaba a corpului total
au fost exprimate in procente din greutatea corporala si in valoare absolutd (kg). Pacientilor li
s-a completat un chestionar anamnestic standardizat si un chestionar tipizat al aportului
alimentar zilnic de calciu.

Pentru analiza statistica multipla multivariatad s-a folosit analiza factoriala MANOVA,
cu cuantificarea contributiei fiecarei variabile clinice calitative la DMO; ea a fost precedata de
PCA - analizd in componente principale; variabilele independente au fost apoi controlate
pentru covariatele cantitative prin testul MANCOVA (semnificatie statisticd data de testul
Wilks” Lambda), calculandu-se printr-un test al efectelor inter-subiecti contributia fiecarui
factor la variatia marimilor dependente.

Rezultatele unei analize statistice simple au impus efectuarea unei analize multiple
multivariate Tn 8 modele separate, ludndu-se in considerare, pentru fiecare dintre ele, DMO in

fiecare regiune de interes osoasa plus factorii clinici care au fost asociati cu DMO 1n cel mai



bun model MANOVA (fracturile osteoporotice din antecedentele personale, activitatea fizica
intensd/sportiva cu duratd de cel putin 1 ord/saptdmand, tratamentul concomitent cu diuretic
tiazidic, aportul de calciu, fumatul §1 varsta), controlati succesiv pentru covariatele urmatoare:
greutate; indltime; masd slaba absolutd; masa slaba procentuald; masd grasa absolutd; masa
grasa procentuald; greutate + masa slaba procentuala; greutate + masa grasa procentuala.

Rezultatele studiului aratd ca proportia de tesut gras crescutd este un factor
determinant independent negativ al densitdtii minerale osoase, iar proportia de tesut slab
crescutd este un factor determinant independent pozitiv al densitdtii minerale osoase.
Greutatea este un determinant independent al DMO ce poate masca, in conditii clinice, efectul
diferit al proportiei de masa grasa si slaba; de aceea, in evaluarea clinica a factorilor de risc ai
osteoporozei, greutatea corporala pare elementul preponderent de luat in seama la barbat,
intotdeauna in contextul celorlalti factori de risc asociati, In mod special proportia de tesut
gras si cea de tesut slab. Barbatii cu masa slabd procentual ridicatd si masa grasa procentual
scazutd manifesta cel mai scdzut risc osos. Masa grasa si masa slabd si distributia lor in
organism prezinta relatii diferite cu masa osoasa regionald, dependente de varsta.

Masa grasa relativa pare sa protejeze osul vertebral la o abordare simpla, prin analiza
univariata, insd modelele complexe statistice demonstreaza efectul ei negativ, cel putin la
nivelul colului femural. Coliniaritatea intre greutate, indltime, masa grasa absoluta si cea slaba
absolutd ne permit sa afirmam cd aceste marimi, fiecare puternic pozitiv corelate cu DMO,
sunt relativ interschimbabile cénd trebuiesc luate in considerare ca factori ce explica
independent variabilitatea DMO.

Asocierea independenta a activitatii fizice sportive cu DMO este un factor ce intareste
rolul masei musculare asupra mentinerii integrititii DMO. Prezenta asocierii negative
independente a DMO cu fracturile osteoporotice din antecedente intdreste acest criteriu clinic
esential in stabilirea riscului de fractura. Studiul nostru a gasit si o asociere semnificativa
independenta a tratamentului concomitent cu diuretice tiazidice cu DMO in anumite regiuni
de interes osoase.

Abordarea DMO la barbat prin analiza interdependentei factorilor de risc, masurarea
concomitenta a tuturor regiunilor osoase disponible pentru aparatele DXA, evaluarea
diferentiata a cantitdtii §i proportiei tisulare corporale este o premiera pentru Roménia si se
incadreazda 1n curentul abordarii plurietiologice a osteoporozei, aducand elemente

suplimentare pentru aprecierea riscului clinic la barbat.
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Annex: published original articles, from the PhD thesis thematic

Key words:
Osteoporosis in men, hypogonadism, risk factors, bone biopsy, body composition, vitamin D,
bone markers

Synthesis of the thesis’ main chapters

I. Bibliographic synthesis

The first chapter is directed towards providing the current scientific context for the
subjects treated in the personal research chapter of the thesis. We described firstly the main
causes of osteoporosis in men and we insisted upon the mechanisms of osteoporosis in
hypogonadism, the latter being a much debated and incompletely understood etiology.

Subsequently, we described and commented on the main bone mineral density (BMD)
measurement methods. Bone density is, at the present, the major diagnostic criterion for
osteoporosis, knowing that bone mass is the most important independent predictor of bone
resistance, and that it stands for approximately 80% of its variance.

Nevertheless, for a diagnosis and therapeutic strategy ascertainment a correct
assessment of both BMD and other risk factors of osteoporosis is needed, therefore we also
presented elements related to those factors, insisting on bone turnover markers. Also, we
described the method of bone microarchitectural analysis, based on bone transiliac biopsy and
pointed to the completion of clinical information with elements regarding bone quality.

Closing the bibliographic synthesis, we described the current means of men’s

osteoporosis treatment, and their outcomes in international clinical studies..

11.1. Endocrine and metabolic aspects of osteoporosis in aged men: Clinical involvement

of sexual hormone level in bone mineral density and bone remodeling

The study pointed towards ascertaining the clinical importance of sexual hormones —
testosterone and oestradiol — biochemical assessment for the diagnosis of osteoporosis in aged
men without other associated metabolic disorder. Secondarily, it aimed at ascertaining age-
related changes in serum markers of bone metabolism, as prognostic elements for

osteoporosis in this population category.
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This observational study had a cross-sectional design. Study population included 69
men, aged 50-70. Bone densitometry, using the DXA method (dual X-ray absorptiometry,
DPX-NT, GE Lunar Corporation, Madison, WI, USA), was performed at the lumbar spine
(Li-L4) and left femur (regions of interest femoral neck, greater trochanter, and total hip).
Bone densitomtry, using the quantitative ultrasonographic method (QUS), was performed at
the left calcaneus site, using Achilles Express device (GE-Lunar Corp. Madison, WI, USA).
Laboratory assessment included serum 25(OH)vitamin D, total testosterone (T), total
oestradiol (E), sex hormone binding globulin (SHBG), human osteocalcin (OC), C-terminal
telopeptide of type | collagen (sCTX), folliculostimulant hormone, luteinizing hormone, total
alkaline phosphatase, calcemia, magnesiemia, calciuria, magnesiuria.

Statistic analysis was performed using SPSS 9.0 for Windows (SPSS Inc. Chicago, IL,
USA) software. Calculation of T and E fractions was carried out through formulae published
by Vermeulen et al., which used SHBG concentration, specific association constants and an
assumed albumin concentration of 43 g/l. Statistical methods comprised the parametric
bivariate analysis (Pearson’s correlation coefficient) or the non-parametric bivariate analysis
(Spearman’s correlation coefficient), the ANOVA test with Bonferroni correction, the Student
test for difference between means, and the simple multivariate linear regression; for bone
densitometry methods, sensitivity (Se) and specificity (Sp) were calculated, using the ROC
(Receiver Operator Characteristics) curve method.

The study analyzed the correlation of T, E, and their calculated fractions (FT — free
testosterone, FE — free estradiol, BioT - bioavailable testosterone, BioE - bioavailable
oestradiol, FAI — free androgen index, FEI — free oestradiol index) to bone densitometry, bone
markers and 25-hidroxi-vitamin D. BioE, E, and FEI are correlated to OC, which in turn is an
independent predictor of femoral and trochanteric BMD. Therefore, we can speculate on the
existence of an association between bioavailable oestradiol and BMD, association not found
when testosterone was taken into account. The correlation found between sCTX and lumbar
T-score, and between OC and trochanteric and femoral total BMD, together with concomitant
lack of association between T, E, and BMD, recommends that the initial evaluation of the
bone metabolism be made, for the age cathegory 50-70, preferably by assessing bone markers
instead sex hormones. The study does not support the routine assessment of T, E, SHBG, or
of calculating their respective fractions in order to predict a low BMD.

In the context of international tendencies toward the augmentation of vitamin D
sufficiency threshold above 30 ng/ml, our study results are supporting the benefits of serum
25(0OH)D values that are located in the uper range of normal values (>40 ng/ml), benefits on a
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physiologic bone remodeling upholding. Vitamin D seems a more important factor than free
testosterone in establishing the bone remodeling level, and indirectly the bone mass in men
aged over 50.

The QUS method is not a effective method for osteoporosis detection, having too low
Se and Sp.

11.2. Bone metabolism in the hypogonadism secondary to hormonal deprivation therapy
for prostate adenocarcinoma: Bone microarchitecture, bone mineral density, and body
tissue composition before and after treatment

The aims of the study were: the evaluation of the impact of complete androgen
deprivation on bone trabecular and cortical architectural structure, on bone cellularity, on the
growth and mineralization speed; the ascertaining of the rate and the precocity of bone
changes, by means of bone mineral density measurement using dual X-ray absorptiometry
(DXA) at different skeletal regions of interest (ROIs); the assessment of the type and
magnitude of body tissue composition, secondary to the specified hormonal context

The study is a case-control transversal one. The study population comprised 28 men
diagnosed with prostate adenocarcinoma and having an indication of palliative surgical
orchidectomy or hormonal deprivation therapy. The mean age of the patients was 73,77 *
6,37. They were split into two categories: pre-treatment (“0 months”), and post-treatment (“6
months”). Patients with metabolic bone disorders or bone metastases were excluded from the
study.

BMD and bone composition were assessed using DXA (Prodigy Advance, GE Lunar
Corporation, Madison, WI, USA), at lumbar spine L1-L4, bilateral total hip, bilateral femoral
neck, non-dominant ultradistal radius, and total body ROIls. 8 patients at “O months” and 6
patients at “6 months” were subjected to a bicortical transiliac bone biopsy; the biopsy was
prepared for microscopic assessment and image binarization for computed analysis of
histological, histodynamical, and microarchitectural parameters. 48 bone parameters were
consecutively measured or calculated.

For comparing the two study patients categories, the Mann-Whitney test was used,
considering a statistic significance less than 0,05. To establish the reciprocity of variable
interrelation non-parametric correlation tests were used, the Spearman correlation coefficient

and its statistical significance, set at 0,05, being computed accordingly.
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After 6 months of hypogonadism, cortical parameters underwent no changes. At the
trabecular level, a tendency towards a decrease in trabecular thickness (Th.Th) was noted. The
trabecular number, the trabecular volume and the inter-trabecular distance were not modified.
The trabecular osteoid surfaces (OS/BS) decreased significantly, p = 0,02. Osteoid volume
(OV/BV) had a trend to decreasing (p = 0,081). Regarding histodynamics, the active fraction
of osteoid surfaces (MS/OS) increased (p = 0,001), the mineralization lag time (Mlt)
diminished (p = 0,005), and the osteoid apposition rate (Aj.AR) increased (p = 0,005).
Mineralizing surfaces and the bone formation rate were unmodified. Osteoclast number and
resorption surfaces remained also comparable. The descriptive parameters of the trabecular
network evolved as following: tendency to augmentation of free end count (FEC) and to
decrease of cortical implanted segments (CXS). Node number was unaffected. Star volumes
(V*TRAB) had a trend of diminution. The interconnectivity index (ICI) strongly increased (p
= 0,043). The Euler-Poincaré number was unchanged, as were fractal dimensions.

Between the two categories of patients, no significant changes of BMD were noticed,
excepting a trend for lumbar BMD to be lower in the hypogonadic subgroup (p=0,12). Tissue
composition compartments weren’t different between eugonadic and hypogonadic patients.

Study data are in favor of maintained osteoblastic functionality and of abnormal bone
mineralization ability in the first 6 months of hypogonadism. The tendency towards a
diminution of trabecular thickness (Tbh.Th), towards an increase of free end count (FEC), and
towards a diminution of cortical implanted segments (CXS) suggests a disorganization of the
trabecular network in hypogonadic men, this observation being strengthened by the
significant augmentation of the interconnectivity index (ICI). Thus, the disruption of bone
microarchitecture in men’s hypogonadism seems to follow the same rules as those applied to
postmenopausal women. The microarchitectural changes are noticeable as soon as after 6
months, before being detected by DXA, meaning that bone quality is concerned before bone
mass is; bone mineral density is not modified after 6 months at any densitometrical region of
interest. Body composition is also unaffected after 6 months.

The comparative assessment of two subject groups, before and after treatment, brings
new elements in order to the type and the rhythm of bone weakening in hypogonadic patients
to be clarified. The chosen model of hypogonadism can be used as a reference for other
diseases that imply hypogonadism, mostly for young men.

Bone transiliac biopsy is done with absent or minimal medical complications (i.e.
local haematoma). It was performed for the first time on Romanian men by out team, and it

should continue to be used as the best technical method for explaining bone physiopathology.
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11.3. Body tissue composition: influences on bone mineral density in men

The aims of this study were the evaluation of the respective influences of the quantity
and the proportion of fat and lean tissues on densitometrical bone mass, and the comparison
of body composition effects on different bone ROIs; secondarily, the ascertainment of the
relationship between BMD and body composition while taking into account the patient’s age
and other clinical independently associated factors.

The study is cross-sectional, observational; 244 men aged 20-92 were enlisted. The
inclusion criterion was age above 20. Subjects having history of bone treatments or conditions
affecting bone metabolism were excluded from the study.

Bone densitometry and body composition measurements were performed using the
DXA method (Prodigy Advance, GE Lunar Corporation, Madison, WI, USA), targeting
lumbar spine L1-L4, bilateral total hip, bilateral femoral neck, non-dominant ultradistal
radius, and total body ROIs. Fat tissue mass and lean tissue mass of the total body were
expressed in percentages of total body weight and in absolute values (kilograms). The patients
were subjected to a standardized anamnesis questionnaire and to a dietary calcium intake
questionnaire.

The multiple multivariate statistical analyses used the MANOVA factorial analysis,
including the computation of individual clinical quantitative variable contribution to BMD;
this analysis was preceded by PCA — principal component analysis; independent variables
were consecutively controlled for quantitative covariates using the MANCOVA test
(statistical significance given by the Wilks’ Lambda test), and the contribution of each clinical
variable to the variation of dependent variables was calculated using an inter-subject effect
test.

The preliminary statistics rendered mandatory a multiple multivariate analysis
consisting of 8 separate models, which took into account, individually, BMD at each ROI
together with the clinical factors best associated to BMD in the best suited MANCOVA
model (history of osteoporotic fractures, intense physical activity/sports performed at least 1
hour/week, concomitant thiazide diuretic treatment, calcium intake, smoker status, and age),
successively controlled for the following covariates: weight, height, lean absolute mass, lean
mass percentage, fat absolute mass, fat mass percentage, weight + lean mass percentage,
weight + fat mass percentage.
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The results of the study show that increased fat mass percentage is an independent
negative determinant of BMD, while increased lean mass is an independent positive
determinant of BMD. Body total weight is also an independent determinant of BMD which
can hide, in a clinical setting, the distinctive effect of fat and lean mass percentages;
consecutively, in the clinical assessment of osteoporosis risk factors, body weight is the main
factor to be taken into account in men, always having in mind the other associated risk
factors, especially the fat and lean mass proportions. Men with greater percent of lean mass
and lesser percent of fat mass exhibit the most favorable bone profile. Also, the distribution of
fat and lean masses in the body presents different and age-dependent relationships with
regionally measured BMD.

If viewed through a univariate simple statistical analysis, body fat percent seems to be
protective for the vertebral bone, but complex statistical methods demonstrate its negative
effect, at least at the femoral neck level. The collinearity between weight, height, fat total
mass and lean total mass allows us to state that these variables, each of which being strongly
correlated to BMD, are fairly interchangeable when taken into account as factors which
explain BMD variation.

The independent association between intense physical activity and BMD is
consolidating the role played by the lean muscle mass in BMD quality preservation. The
independent association of BMD and osteoporotic fractures strengthens the importance of the
fracture criterion in the clinical estimation of fracture risk. Our study also found a significant
independent association between the concomitant thiazide diuretic treatment and BMD in a
number of bone ROIs.

The ascertainment of BMD through risk factor interdependence in men, the
concomitant measurement of all bone areas available for clinical DXA assessment, the
separate evaluation of tissue quantity and proportion, are a premiere for Romania and are
consistent with the trend of multietiologic assessment of osteoporosis, bringing supplementary

information for clinical osteoporosis risk in men.
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