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RESUME

Introduction :Les gammapathies monoclonales de significatiogtarthinée (MGUS) sont
définies par une absence d'atteinte osseuse. Né@m)nmusieurs études rétrospectives
tendent a montrer une augmentation du risque @djpstése fracturaire ou densitométrique
dans cette population. L’objectif de notre étudstate décrire le statut osseux des patients

porteurs d'une MGUS et d’en déterminer les facteagsociés. Patients et Méthode&u:

cours d'une étude prospective réalisée entre 20080E3, les patients porteurs d’une
gammapathie monoclonale de découverte fortuite sangcédent fracturaire ou
ostéoporotique connu ont tous bénéficies des exarsaivants : recueil des facteurs de
risque d'ostéoporose, radiographies du rachis ¢bdmmbaire, dosage des parametres
phosphocalciques et hématologiques, densitoméiseuse par absorbtiométrie biphotonique
a rayons X sur le site lombaire, col fémoral etr@nxité supérieure du fémur, typage de la
MGUS, prélévement médullaire si le contingent mémaal le justifiait. Ceux chez qui les
résultats concluaient au diagnostic de maladie deldgvistrom asymptomatique ou
symptomatique ou de myélome multiple asymptomatmuesymptomatique ont été exclus.
Résultats 201 patients porteurs d'une MGUS ont été analys&ge moyen 66,63 + 12,49
ans; 48,3% de femmes, 104 1gG (51,7%), 67 IgM @3,21 IgA (10,4%), 9 double isotype
(4,5%). 127 patients (63,2%) avaient une chainer&gappa, 63 (31,3%) une chaine légére
lambda et 9 (4,5%) un double contingent de chd&geyes. Le pic monoclonal moyen était
de 5,98 g/l et la plasmocytose moyenne de 3,3%2%3%) patients étaient ostéoporotiques
(fracture vertébrale et/ou T-Score-2.5 DS), dont 37 (18,4%) présentaient une ouiglus
fractures vertébrales thoraco-lombaires ostéoppres. Les patients fracturés étaient
significativement plus agés, avaient une densitoen&ignificativement plus basse aux 3
sites et étaient plus fréquemment d'isotype denehligere lambda. Le risque relatif de
fracture vertébrale chez les MGUS avec isotype tlantbmparé a lisotype kappa était de
2,5 (IC 95 % 1,21-5,24). En analyse multivariégerant compte de I'age, du sexe et de la
densité osseuse, le risque de fracture associ€l@alae lambda restait significatif (p<0,01).
Discussion nous ne retrouvons pas dans cette étude dectine I'isotype de la chaine
lourde et le risque de fracture vertébrale mais angmentation du risque associée a la
présence de la chaine légere lambda. Ce lien maigaété décrit dans la littérature et le
mécanisme physiopathologique est inconnu. Ce sisnéicessite d'étre confirmé sur une
plus large cohorte. Conclusiordans cette cohorte de patients porteurs d’'une MGid8s
décrivons pour la premiere fois une augmentation ribgue de fracture vertébrale

ostéoporotique associée a la chaine légere lambda.
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ABSTRACT

Introduction:Monoclonal gammopathy of undetermined significaf&US) is defined by

the absence of bone involvement. However, sevetadspective studies suggest an increased
risk of fracture or BMD osteoporosis in this pogida. The aim of our study was to describe
the bone status of MGUS patients and to deternhi@@ssociated factors with osteoporosis in
MGUS. Patients and Methodst a prospective study between 2008 and 2013)dlders of

a monoclonal gammopathy of fortuitous discoveryhaut a history of fracture or
osteoporosis, benefited all of the following testgollection of risk factors for osteoporosis,
radiographs of the thoracolumbar spine, dosagealofum, phosphate and haematological
parameters, bone densitometry by dual-energy Xeralpmbar site, femoral neck and total
hip, typing MGUS, marrow sampling if warranted by tmonoclonal quota. Patients
diagnosed with smoldering or symptomatic Waldemstow smoldering or symptomatic
multiple myeloma were excluded. Resui81 holders of MGUS patients were analyzed:
mean age 66.63 + 12.49 years, 48.3 % women, 10438G3% ), 67 IgM ( 33.3% ), 21 IgA
(10.4%), 9 dual heavy chain isotype (4.5%). 12Tep#s had a kappa light chain (63.2 %), 63
had a lambda light chain (31.3%), 9 dual light ohaotype (4.5%). The average monoclonal
peak was 5.98 g/l and the average plasma cell8886. 59 (29.4 %) patients had
osteoporosis (vertebral fracture and/or T- seof2.5 SD), 37 (18.4%) had one or more
osteoporotic vertebral fracture. Fractured patierdee significantly older, had a significantly
lower densitometry on the three sites and were ritecgiently lambda light chain isotype.
The relative risk of vertebral fracture in MGUS lwisotype lambda compared to isotype
kappa was 2.52 (95% CI 1.21 to 5.24). In multivari@analysis taking into account age, sex,
and bone density, the risk of fracture associatiéld tive lambda light chain remained
significant (p <0.01). Discussion¥e did not find in this study link between heaham
isotype and vertebral fracture risk but an incrdassk associated with the presence of the
lambda light chain isotype. This link has neverrbdescribed in the literature and the
pathophysiologic mechanism is unknown. This rese#ds to be confirmed on a larger
cohort._Conclusion In this cohort of MGUS patients, we describedtfa first time an

increased risk of osteoporotic vertebral fractigsogiated with lambda light chain.
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INTRODUCTION

Monoclonal gammopathy of undetermined significaM&US) is an asymptomatic plasma
cells disorder occuring in 3.2% of adults > 50 geafrage and 8% of adults > 85 years (1). In
most cases, MGUS is not moving towards a malignastell disorder. The risk of
transformation to multiple myeloma (MM) is estinditat 1% per year, 15% in 10 years (2)
and the risk of transformation to Waldenstrom's noglobulinemia (WM) is estimated at
1.5% per year and 24% in 15 years (3). MGUS isnofiecidentally discovered and is
detected by the electrophoresis of serum or uringtem, confirmed and typed by
immunoelectrophoresis or immunofixation of serund/an urine protein. It is definedy a
monoclonal immunoglobulin concentration in serum3o§/dl or less; the absence of Iytic
bone lesions, anemia, hypercalcemia, and renafficismcy related to the proliferation of

monoclonal plasma cells; and a proportion of plasgils in the bone marrow less than 10 %

(4).

Although the consequences of MM on bone due todiégmoupled bone turnover are well

known (5), the effects of MGUS, considered as aymg@somatic condition, on bone

remodeling remains uncertain. The only consenswsitablGUS published until now (6)

recommends a bone survey with a Dual-energy X-kepigptiometry (DXA) scan to assess
bone mineral density (BMD) at the initial evaluatidndeed, some histological, laboratory
and mainly clinical evidence have already shown M&US is a true risk factor of fracture

and particularly to osteoporotic vertebral fracturéccording to retrospective studies,
comparing large groups of MGUS to matched individusIGUS is associated with a risk of

fracture at any site from 1.4 to 2.5 times gredlan in control populations and a rate of
vertebral fracture up to 6 times greater in MGUS8ugrs (7-8). However, these studies are
retrospective and do not distinguish traumatic ttrees of osteoporotic vertebral fractures;
furthermore, the lack of systematic radiographi@leation probably underestimates the
number of vertebral fractures. After 50 years aldarly 50% of vertebral fractures are
asymptomatic and occur in women with a T-score.5 standard deviation (SD). Detection
of asymptomatic vertebral fracture is importantaese of the high recurrence risk of fracture
(9-10) and its impact on the quality of life. Thenaof our study was to evaluate prospectively
the bone and hematologic status of patients witHJ8(0 estimate the rate of bone events in
a prospective followed MGUS cohort and to identifgk factors for osteoporosis and/or

vertebral fracture.
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PATIENTS AND METHODS

Patients

This prospective and descriptive study was conduictehe department of rheumatology of
the University Hospital of Angers, France, fromyJ@008 to June 2013. Patients were
referred by the department of blood diseases of Hospital of Angers, by general

practitioners and hospital or liberal rheumatoltggis

To be included, patients had to be adults and @ fseamonoclonal gammopathy confirmed
by immunoelectrophoresis of serum or urine protéfonoclonal gammopathy should be
accidentally discovered. Patients with monoclonaammopathy discovered during
osteoporosis or fracture assessment or patientsprétvious known and treated osteoporosis
were excluded. At the end of bone and haematolbgissessment, patients for whom a
diagnosis of hematologic malignancy was raised vase excluded (i.e. symptomatic or
asymptomatic MM (defined by a bone marrow plasmihicgitration >10% with or without

an organ damage(4)), symptomatic or asymptomatic \(defined by a bone marrow
infiltration by small lymphocytes showing plasmamgif plasma-cell differentiatior10%
with or without IgM related symptoms and/or tumafiliration symptoms (11)) or other

hematologic malignancies).

Methods

For each patient data collected were as follows:

- 1/ Interrogation and clinical examination to ecli the following information:

age, weight, height, comorbidities, age at onsemehopause with or without hormone
therapy, family history of fractures, personal bigt of fractures and fracture incidence
condition, ongoing treatment, calcium dietary irtak

- 2/ Plain radiographs of the pelvis, anteropostéateral thoracic and lumbar spine
radiographs in search of vertebral fracture(s). Trmed investigators who were unaware of
the patient BMD status analyzed radiographs indegetty. A patient was classified as
having a vertebral fracture if both readers indeleetly found a definite fracture. He was
classified as normal if both readers independdntind that the films were normal. When the
readers disagreed, the films were reviewed in genf®e by both investigators. If a vertebral
fracture was detected, it was characterized bys#mi-quantitative classification of Genant
(12) defined as such:

14



- normal if there is no reduction in any height,

- mild or grade 1 for a reduction of 20-25% of arderimiddle, and/or posterior
height,

- moderate or grade 2 for a reduction of 26-40% intaight,

- severe or grade 3 for a reduction > 40% in anytteig

- 3/ Bone Mineral Density (BMD) was measured usthgl energy X-ray absorptiometry
(DXA) operating in fan-beam mode (Hologic® QDR 4B0densitometer, Hologic Inc.,
Waltham, MA). Quality control scans were carried daily, using the manufacturer-supplied
anthropomorphometric spine phantom; the long-terth year) coefficient of variation was
0.40%. Lumbar BMD was assessed from L2 to L4, engbsteroanterior view incidence and
fractured vertebrae were excluded from analysisalTap BMD was measured at upper left
femur. The mean precision error of DXA measurement1.5% for the lumbar spine and
<2% for hip BMD. As usually, the results were exgsed in absolute values (gfnand
using the T-score [Standard deviation (SD)]. Thescdres were calculated using
manufacturer’s references and expressed the differbetween the subject value and mean
value of healthy young women. The World Health @igation has defined normal BMD as
aT-score > -1 in the lumbar spine and total hip, lmwne density as a T-score between -2.5
and -1, osteoporosis as a T-score < 2.5.

- 4/ Laboratory tests performed on fasting indiaduat 8 am without freezing: to confirm
and quantify gammopathy: serum protein electropdisye serum and urinary
immunoelectrophoresis (PLC Hydrasis Sebia), cellsod count (Sysmex PLC)B2
microglobulin (Immunoturbidimetry), LDH (pyruvateulsstrate DGKC), creatinine (Roche
Modular PLC), bone marrow by sternal puncture itigoés with IgG or IgA isotype whose
peak value in serum protein electrophoresis waatgrehan 10 g/l, bone marrow biopsy in
patients with IgM isotype having a visible proteilectrophoresis peak. Parameters of mineral
metabolism and bone turnover: serum calcium, phateplaloumin (PLC Modular Roche),
25-OH vitamin D (RIA) and parathyroid hormone (PT{EJectrochimieluminescence), bone-
alkaline phosphatase (BALP) (CLIA Liaison), C-tenali telopeptide of type | collagen
serum (CTX) (EIA Osteometer).

15



Statistical analysis:

Statistical analysis was performed using the soBw@&tatistical Package for the Social
Sciences (SPSS Version 15.0). All results were esqad as mean * standard deviation.
Baseline characteristics of patients were expregsadean + one standard deviation. The
comparison of groups was performed for continuoasiables by analysis of variance
(ANOVA) and for binary variables by the Pearson ZhDifferences were considered
significant when p < 0.05. Logistic regression vpasformed to analyse factors associated

with osteoporosis and vertebral fracture.

RESULTS

Characteristics of the population:

Flow chart of the study was detailed figure 1. Characteristics of the population were
detailed intable 1 Briefly, 201 patients were included, 97 women 3480) and 104 men
(51.3 %). The average age was 66.63 + 12.49 yeangd: 30-89 years), mean BMI 26.73 +
5.10 kg/nf. One hundred and ninety-five patients (97%) wer€aucasian ethnicity. The
distribution of heavy chain isotypes was: 104 I§&.7%), 67 IgM (33.3%), 21 IgA (10.4%),
and 9 dual isotype (4.5%). The light chains wemgritiuted as follows: 12K light chains
(63.2%), 63\ light chains (31.3%), & + A associations (4.5%), two light chains were not
known (1%). The average monoclonal peak was 5.983% g/l (range: 0-21.3 g/l) and the
mean plasma cells in bone marrow of 3.3 * 2.33%g@a0-9%). Thirty-six patients (17.9 %)
had a BMD T-score < -2.5 in at least one of theehmeasured sites. Thirty-seven patients
(18.4%) had at least one vertebral fracture atthwoeacic or lumbar spine. Seventy-one
vertebral fractures were detected, 19 grade 1,r8deg2, 14 grade 3. Eighteen patients had
one vertebral fracture, 6 patients had 2 vertefipaatures, 5 patients had 3 vertebral fractures
and 5 patients had 4 or more vertebral fracturesst@ering BMD results and vertebral
fracture status, a total of 59 (29.4%) patients dstdoporosis.

Factors associated with vertebral fracturakle 2

Thirty-seven patients (18.4%) of our cohort had onenore vertebral fracture(s). Patients
with vertebral fracture(s) were significantly oldéwan non-fractured (73.54 years 65.07

years; p < 0.001) and had a significantly lowercére and BMD regardless of the studied
site. There was no significant difference in setofdBMI, calcium and phosphate parameters

or distribution of heavy chain isotypes betweerugs Patients with isotype light-chain had
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significantly more vertebral fracture than patiemtsh k isotype light-chain (48.65 %s
27.33%, p = 0.013 We compared characteristics of patients with anithout vertebral
fractures among patients withisotype light-chainpatients with vertebral fracture (29.03%)
were significantly older than patients without ttae (71.39vs 62.16 years; p=0.011) and
had a lower BMD at the femoral neck and the totpl(hespectively for BMD: 0.6%s 0.77
g/cm2 and 0.79s 0.93 g/cm?)data not shown)

In univariate and multivariate analysis, age, lowIB and A isotype light-chainwere
associated with a significant increased risk oftetmal fracture Table 3. Compared to
patients withk light-chain, the relative risk to be fractured fmtients with\ light-chain was
2.52 (95 % CI 1.21-5.24; p=0.013).

We analyzed factors associated with severe ostesigocharacterized by 2 vertebral
fractures Table 4. In univariate analysis, age, low BMD afdisotype light-chainwere
associated with a significant risk ®f2 vertebral fractures. In multivariate analystsy IBMD
and )\ isotype light-chain remained significantly asstmibwith the risk of> 2 vertebral
fractures. A high BMI was also associated withghesence of 2 vertebral fractures

Factors associated with BMD T-score < -2.5

Thirty-six patients (17.9 %) had a BMD T-score <5-ih at least one of the three measured
sites Patients with densitometric osteoporosis werait@ntly older than the other3ble
5). In univariate and multivariate analysis, age @associated with a significant increased risk

of osteoporosis. A higher BMI was a protective éacif osteoporosisi@ble 9.

DISCUSSION

The population of this study is representative M@US population, with a sex ratio close to
1 (48.3% women), an isotype distribution of heamy &ght chains (IgG 51.7% - 33.3% IgM

- 10.4% IgA - biclonal 4.5%k chain 63.2% -\ chain 31.3%) similar to what is usually
described in MGUS cohort studies (13) albeit witgreater percentage of IgM compared to
registry studies (8). This cohort is homogeneouglinng only patients with MGUS
excluding asymptomatic and symptomatic MM amiM. Subjects of our cohort have no
known osteoporosis or vertebral fracture historil. patients had spinal radiographs which
are the most reliable means to detect vertebratura especially asymptomatic ones. Spinal
radiographs have been read by two investigatobe teure to detect all vertebral fractures and
to eliminate simple vertebral deformity which sommets can be confused with mild vertebral
fractures.The number of prevalent vertebral fractures instudy (18.4%) is higher than the

prevalence typically found in standard populatitudges close to 12%14). This result has to
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be confirmedvith a comparison to a control population. Patiewts vertebral fracture in our
study were significantly older and had a lower BMD the three sites than patients without
fractures, which are two known risk factors foremgiorotic fractures. Nevertheless, it was
shown, for the first time in this study, a signdit association between the presence ofthe
light chain isotype and the presence of osteopofdctures with a relative risk of fracture of
2.52 (95 % CI 1.21-5.24; p=0.018)theA group compared with the group. The association
between vertebral fracture aidight chain remains significant in multivariateadysis after
adjustment on BMD, age, sex and BMI. The associadbetweerh light chain and vertebral
fractures remains also significant when we analypatients with severe osteoporosis
characterized by 2 vertebral fractures.

The A light chain is a minority in humans (1/3 of immghabulins, in agreement with the
distribution of the light chains in our study pogtibn) because the synthesis of light chains
starts with the rearrangement of tkdight chains on chromosome 2 and continues to the
synthesis of a\ light chain (locus 22g11) only if the rearrangeindoes not encode a
functionalk chain. Thek andA light chains have different chemical propertied daspite the
number of potential combinations of light chain disethe genetic rearrangement, some
subtypes are more frequently associated with depaseases (15). The AL amyloidosis is
most commonly linked with light chains (16) while MM with renal involvemerg more
common in the presence wflight chains (17). The POEMS syndrome is almosiwesively
associated with a light chain without any evidence of a direct pa#woic role of the. light
chain itself (18). Our studgeems to go in the direction of anothelight chain-associated
disease.

The risk of densitometric osteoporosis increasd¢l age and as previously described, a high
BMI is associated with a lower risk of densitometnsteoporosis; nevertheless we show in
our study that a higher BMI is associated with aoreased risk of multiple vertebral
fractures. On the contrary to the general ostedwopmpulation in which females are more
concerned; the risk of densitometric osteoporosigedebral fracture in our study is the same
in male and female.

The presence, the severity and the number of ostetp vertebral fractures are important
predictors of further vertebral and non-vertebnacfure risk. Subjects with a prevalent
vertebral fracture have a fivefold increased risKuother vertebral fracture and a threefold
risk of hip fracture than those without an incideattebral fracture (19Moreover, although
osteoporosis is a benign conditi@msteoporotic fractures are associated with redgoedity

of life and with an increased risk of dying (20griicularly in the first few years after an

event (19). Previous studies have shown thairtbielence of vertebral fractures is higher in
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MGUS than in the rest of the population but witbntradictory results concerning the
influence of isotypes on fracture risk (21-22-Z8)e higher fracture risk associated with the
light chain isotype had never been previously foumrti may be due to a different
methodology of our study with a systematic spiraiographic evaluatioMGUS represent

a potentially pre-neoplastic condition that maygsess to malignant B-cell disorders, such as
MM. In MM, bone lesions are due to the secretionmainy cytokines by plasma cells, bone
marrow stromal cells, osteoblasts and osteocla&43, (eading to an uncoupling bone
remodeling with an increased bone resorption (mailie to osteoclast hyperactivation by
uncontrolled synthesis of Receptor activator okRHigand (RANKL)(25) and Macrophage
inflammatory protein (MIP1x)(26)) contrasting with a reduction in bone format(with an
inhibition of the osteoblastic differentiation WpHzatenin signalling pathway through
increased secretion of Dickkopf-1 (DKK-1) (27), excstin(28) and soluble Frizzled-related
proteins 2 and 3 (sFRP2-3) (29)). Some studies Ishesvn a similar cytokine profile in
MGUS with an increased DKK-1 and MIR:1lserum levels (30) and an increased
RANKL/OPG ratio in patients MGUS with (23) and watlt (31) osteoporotic vertebral
fractures. Bone turnover in monoclonal IgM gammbpateems to be related to a different
mechanism with an increased microresorption dwepopulation of mononuclear osteoclasts
(32). In our study IgM is not associated with anr@ased risk of osteoporosis or vertebral
fracture even if there is a trend in the assoaidbietween IgM and vertebral fracture.

The main limit of our study is the absence of atadrgroup without MGUS matched for age
and sex to determine iflight-chain increases the risk of vertebral fraetar ifk light-chain

is a factor of protection of vertebral fracture.spie this limit, our prospective study on a
large cohort of MGUS followed prospectively allonediable assessment of haematological
and bone parameters. Even if MGUS is considered &gquently benign condition, and
particularly low risk MGUS (IgG heavy chain, nornfate light chain ratio, peak value <
15g/l) (33), our study shows that all newly-diagebsMGUS patients need a full bone
assessment to identify bone status and prevalactufie. This assessment should interest all
the patients whatever their sex. Particular atengshould be given to older patients and
patients with ai light-chain. Because of the large number of aspmattic vertebral
fractures, systematically spinal X-rays assessmengssential to diagnose all vertebral
fractures. In case of osteoporosiafi resorptives treatment such as bisphosphooatéd be
proposed to the patients (34).
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CONCLUSION

We show in this study a high prevalence of vertelmactures among male and female
patients with MGUS. Particular attention shoulddaéd to MGUS with) isotype in which
fracture risk is significantly increased compareithvk isotype, demonstrated for the first
time in our study. The mechanism is currently umvao Given the potential severity of
osteoporosis and its consequences, it seems a@ieops propose a systematic complete
hematologic and bone evaluation in newly-diagndd&1lJS even if most of them will never

progress to a malignant B-cell disorder.
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TABLES & FIGURES

239 patients screened for evaluation

201 patients included

VL v \L VL

Clinical Biological Radiographs Densitometric

assessment assessment assessment assessment

Figure 1. Flow Chart

Abbreviations: MM: multiple myeloma, WMNaldenstrom's macroglobulinemi@LL: chronic lymphocytic leukemia
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Mean value Standard deviation
Age (years) 66.63 12.49
Weight (kilograms) 72.35 14.54
Height (centimeters) 164.06 9.13
BMI (kilograms/nt) 26.73 5.1
BMD total hip (g/cn) 0.897 0.154
T-Score total hip (SD) -0.72 1.01
BMD femoral neck (g/cr) 0.738 0.14
T-Score femoral neck (SD) -1.30 1.05
BMD lower spine (g/cr) 0.958 0.163
T-Score lower spine (SD) -1.09 1.45
Albumin (g/l) 42.36 5.01
Calcium (mmol/l) 2.33 0.11
Creatinine imol/l) 77.31 24.79
25 hydroxy-vitamine D (nmol/l) 55.47 28.48
PTH (pg/ml) 38.06 24.08
B2 microglobulin (mg/l) 2.22 0.98
LDH (UlI/) 278.51 108.75
CTX (ng/ml) 0.64 1.31
BALP (UI/l) 13.75 8.89
Marrow plasma cells (%) 3.3 2.33
Peak value (g/l) 5.98 4.87

Binary variables

Women 97 (48.3%)

a heavy chain 21 (10.4%)

y heavy chain 104 (51.7%)

| heavy chain 67 (33.3%)
Double heavy chain isotype 9 (4.5%)

K light chain

A light chain
Double light chain isotype

127 (63.2%)
63 (31.3%)
9 (4.5%)

Abbreviations: SD : standard deviation, BMI: bodyssiéndex, BMD: bone mineral density, PTH:
parathormone; LDH: lactate dehydrogenase, CTX: @itel telopeptid of collagen-1, BALP: Bone-alkaline
phosphatase.

Table I. Characteristics of the population
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Fractured (N=37) Not fractured (N=163)

Mean SD Mean SD p
Age (years) 73.54 +10.28 65.07 +12.47 <0.001
BMI (kilograms/nf) 27.27 +4.73 26.75 +4.75 0.558
BMD total hip (g/cnd) 0.789 +0.114 0.920 +0.152 <0.001
T-Score total hip (DS) -1.40 +0.76 -0.56 +0.99 <0.001
BMD femoral neck (g/cri) 0.636 +0.094 0.759 +0.139 <0.001
T-Score femoral neck (DS) -1.96 +0.75 -1.14 +1.04 <0.001
BMD lower spine (g/cr) 0.851 +0.121 0.974 +0.161 _0.005
T-Score lower spine (DS) -2.09 +1.10 -0.92 +1.43 0.001
Albumin (g/l) 40.74 +5.07 42.75 +4.94 0.027
Calcium (mmol/l) 2.33 +0.12 2.33 +0.10 0.964
Creatinine gmol/l) 80.19 +27.49 76.66 124.26 0.437
25 hydroxy-vitamine D (nmol/l) 61.89 +34.67 54.22 +26.93 0.150
PTH (pg/ml) 36.89 +27.06 38.36 +23.52 0.745
B2 microglobulin (mg/l) 2.49 +0.89 2.16 +0.99 0.075
LDH (UI/1) 287.54 +104.57 276.56 +110.21 0.591
Marrow plasma cells (%) 3.13 +2.16 3.34 +2.37 0.752
Peak value (g/l) 6.95 +5.32 5.75 +4.78 0.180
Binary variables
Sexe (femme) 20 (54.05%) 83 (50.92%) 0.73
y heavy chain (IgG) 16 (43.24%) 87 (53.37%)
w heavy chain (IgM) 17 (45.94%) 50 (30.67%)
a heavy chain (IgA) 2 (5.41%) 19 (11.66%) 027
Double isotype heavy chain 2 (5.41%) 7 (4.29%)
k light chain 16 (43.24%) 111 (68.94%)
A light chain 18 (48.65%) 44 (27.33%) 0.013
Double isotype light chain 3 (8.11%) 6 (3.73%)

Abbreviations: SD : standard deviation, BMI: bodyssitndex, BMD: bone mineral density, PTH: parathame LDH:
lactate dehydrogenase, CTX: C-terminal telopepfticoiagen-1

Tablell. Characteristics of the population accordingvteether or not fractured.
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Hazard Ratio Confidence interval 95% p
Univariate analysis
Age 1.07 1.03-1.11 0.001
Sex 1.13 0.55-2.32 0.73
BMI 1.02 0.95-1.10 0.56
Low BMD 4.19 1.85-9.50 0.001
IgM vsIgG and IgA 1.92 0.93-3.97 0.078
IgG vsIgM and IgA 0.67 0.32-1.37 0.27
IgA vslgG and IgM 0.43 0.10-1.95 0.27
Lambda vs kappa 2.52 1.21-5.24 0.013
Multivariate analysis
Age 1.07 1.03-1.12 0.002
Sex 1.17 0.48-2.82 0.73
BMI 1.04 0.95-1.14 0.39
Low BMD 4.02 1.55-10.44 0.004
Heavy chain isotype 1.69 0.88-3.23 0.11
Lambda vs kappa 4.48 1.80-11.16 0.001

Abbreviations : BMI : body mass index, Ig : immunaighlin, BMD : bone mineral density

Table IIl. Logistic regression of variables asstaniawith osteoporotic vertebral fracture
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Hazard Ratio Confidence interval 95% p
Univariate analysis
Age 1.05 1.00-1.10 0.033
Sex 1.06 0.39-2.88 0.90
BMI 1.11 1.01-1.23 0.026
Low BMD 3.57 1.25-10.19 0.017
IgM vsIgG and IgA 1.87 0.68-5.09 0.22
IgG vsIgM and IgA 0.48 0.17-1.36 0.17
IgA vslgG and IgM 1.15 0.24-5.42 0.86
Lambda vs kappa 4.67 1.64-13.30 0.004
Multivariate analysis
Age 1.05 0.29-3.13 0.086
Sex 0.95 0.30-4.41 0.93
BMI 1.16 1.03-1.30 0.011
Low BMD 4.73 1.31-17.06 0.017
Heavy chain isotype 1.59 0.63-4.00 0.32
Lambda vs kappa 6.40 1.85-22.12 0.003

Abbreviations : BMI : body mass index, Ig : immunaighlin, BMD : bone mineral density

Table IV. Logistic regression of variables assadatith> 2 vertebral fractures.
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BMD Osteoporosis No BMD Osteoporosis

(T scores< -2.5) (T score> -2.5)
(N= 36) (N=153)
Mean SD Mean SD p
Age (years) 7111 £11.02 64.98 +12.29 _0.007
BMI (kilograms/nf) 25.65 +4.80 27.18 +4.68 0.083
Albumin (g/l) 40.07 +6.34 42.98 +4.50 0.002
Calcium (mmol/l) 2.32 +0.11 2.33 +0.09 0.800
Creatinine gmol/l) 80.11 +27.39 77.19 124.45 0.530
25 hydroxy-vitamine D (nmol/l) 48.14 +23.21 57.6 +29.07 0.074
PTH (pg/ml) 38.49 +30.39 38.16 +23.19 0.943
B2 microglobulin (mg/l) 2.34 +0.90 2.18 +1.01 0.391
LDH (UIN) 238.40 +97.11 285.72 +107.01 0.018
Marrow plasma cells (%) 3.67 +3.01 3.28 +2.13 0.518
Peak value (g/l) 6.76 +4.52 5.91 +4.99 0.359
Binary variables

Sexe (femme) 15 (41.67%) 83 (54.24%) 0.174

v heavy chain (IgG) 19 (52.78%) 79 (51.63%)

w heavy chain (IgM) 14 (38.89%) 48 (31.37%)
a heavy chain (IgA) 2 (5.55%) 18 (11.76%) 0-585

Double isotype heavy chain 1 (2.78%) 8 (5.23%)

« light chain 21 (58.33%) 98 (64.47%)
A light chain 13 (36.11%) 48 (31.58%) 0.765

Double isotype light chain 2 (5.55%) 6 (3.95%)

Abbreviations: SD : standard deviation, BMI: bodyssiéndex, BMD: bone mineral density, PTH: parathame LDH:
lactate dehydrogenase, CTX: C-terminal telopepticbiagen-1, BALP: Bone-alkaline phosphatase.

Table V. Characteristics of the population accagdmtheir Bone Mineral Density (BMD)
status
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Hazard Ratio Confidence interval 95% p

Univariate analysis

Age 1.05 1.01-1.08 0.008
Sex 0.60 0.29-1.26 0.18
BMI 0.93 0.85-1.01 0.084
IgM vslgG and IgA 1.39 0.66-2.95 0.39
IgG vsigM and IgA 1.05 0.51-2.17 0.90
IgA vslgG and IgM 0.44 0.10-1.99 0.29
Lambda vs kappa 1.22 0.57-2.62 0.60

Multivariate analysis

Age 1.06 1.02-1.09 0.003
Sex 0.56 0.25-1.22 0.14
BMI 0.90 0.82-0.99 0.03
Heavy chain isotype 1.06 0.61-1.85 0.84
Lambda vs kappa 151 0.66-3.45 0.33

Abbreviations : BMI : body mass index, Ig : immunaighlin
Table VI. Logistic regression of variables assadatith densitometric osteoporosis
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