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Patients with multiple myeloma (MM)
have an increased risk of fractures. On
the basis of small numbers, patients with
monoclonal gammopathy of undeter-
mined significance (MGUS) have been
reported to have an increased fracture
risk. Using population-based data from
Sweden, we assessed the risks of frac-
tures in 5326 MGUS patients diagnosed
from 1958 to 2006, compared with 20 161
matched controls. MGUS patients had an
increased risk of any fracture at 5 (hazard
ratio [HR] � 1.74; 95% confidence inter-

val [CI], 1.58-1.92) and 10 (HR � 1.61; 95%
CI, 1.49-1.74) years. The risk was signifi-
cantly higher for axial (skull, vertebral/
pelvis, and sternum/costae) compared
with distal (arm and leg) fractures
(P < .001). On the basis of 10 years of
follow-up, there was an increased risk of
vertebral/pelvic (HR � 2.37; 95% CI, 2.02-
2.78), sternal/costae (HR � 1.93; 95% CI,
1.5-2.48), arm (HR � 1.23; 95% CI, 1.06-
1.43), leg (HR � 1.40; 95% CI, 1.26-1.56),
and other/multiple fractures (HR � 4.25;
95% CI, 3.29-5.51). Risks for fractures did

not differ by isotype or M protein concen-
tration at diagnosis. MGUS patients with
(versus without) fractures had no excess
risk of MM or Waldenström macroglobu-
linemia. Our results suggest that bone
alterations are present in early myelo-
magenesis. Our findings may have impli-
cations for the development of better
prophylaxis for bone disease in MGUS,
and they provide novel clues on patho-
genesis of MM bone disease. (Blood. 2010;
116(15):2651-2655)

Introduction

Multiple myeloma (MM) is a chronic malignant B-cell disorder
characterized by plasma cell infiltration in the bone marrow and a
monoclonal immunoglobulin in serum or urine or both.1 Patients
with MM have a variety of clinical signs and symptoms, with
approximately 80% experiencing a pathologic fracture over the
course of their disease, and 90% will have bone lesions.2 Fractures
and skeletal pain are thus a very important disease manifestation in
this patient population.

According to recent studies, MM is always preceded by the
precursor condition monoclonal gammopathy of undetermined
significance (MGUS).3 However, not all patients with MGUS
develop MM, and the risk for transformation to MM, lymphoma,
or amyloidosis has been reported to be 1% to 1.5% per year.4

Although patients with MGUS are asymptomatic, they may have
increased morbidity and mortality.5-7

Previous smaller studies found that patients with MGUS have
an increased risk of fractures,2,5,8,9 and that the prevalence of
MGUS is high in patients with osteoporosis9-11; however, it is
unclear whether this is associated with MM transformation or
related to MGUS per se. On the basis of small numbers, patterns of
fracture risk in relation to MGUS immunoglobulin (Ig) isotype and
concentration of the monoclonal (M) protein concentration are
inconsistent.2,8 Furthermore, some, but not all, investigators have
found abnormal bone resorption markers in patients with MGUS
compared with healthy controls.12-15

Using high-quality population-based data from Sweden, we
assessed the risk of fractures in 5326 patients with MGUS
compared with 20 161 population-based matched controls. We
further explored risk of fractures in relation to MGUS isotype and
M protein concentration at diagnosis.

Methods

Central registries, patients, and controls

The details of the study population have been described previously.16 In
Sweden, a clinician who detects a patient with an M protein will typically
consult with a hematologist at a hospital-based center and refer the patient
for further work-up, to rule out a lymphoproliferative malignancy.

We established a nationwide MGUS cohort from a national hospital
network that included patients with MGUS that was diagnosed between
1965 and 2005 in Sweden. When available, information on MGUS Ig
isotype and concentration of the M protein at diagnosis was collected. To
minimize the influence of a potentially undetected lymphoproliferative
malignancy, patients with MGUS who developed a lymphoproliferative
malignancy within 6 months of diagnosis were excluded from the analysis.

For each patient with MGUS, 4 population-based controls (matched by
sex, year of birth, and county of residence) were chosen randomly from the
Swedish Population database. All controls had to be alive and free of any
preceding hematologic malignancy at the time of MGUS diagnosis for the
corresponding case.
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The centralized Swedish Patient Registry captures information on
individual patient-based discharge diagnoses and discharge listings from
inpatient (since 1964) and outpatient (since 2000) care, with a very high
coverage.17 Information on occurrence and date of fractures was obtained
using the 7th, 8th, 9th, and 10th revisions of the International Classifica-
tion of Diseases. All fractures were analyzed individually and grouped into
2 categories (axial and distal). Through linkage with the Cause of Death
Register and the Register of Total Population, we collected information on
vital status until December 31, 2006.

Approval was obtained from the Karolinska Institutional Review Board
for this study. Informed consent was waived because we had no contact
with study subjects. An exemption from review by the institutional review
board was obtained from the National Institutes of Health Office of Human
Subjects Research because we used existing data without personal identifiers.

Statistical analysis

Cox proportional hazard models (PROC PHREG; SAS Version 9.1; SAS
Institute) were used to compare 5- and 10-year risks of fractures in patients
with MGUS compared with controls. The proportional hazards assumption

for variables used in the models was assessed by visual inspection of the
hazard function and formally by including interaction terms between the
covariates and time. Follow-up time for an MGUS case started at the later of
either his or her diagnosis of MGUS or January 1, 1987, and for a control at
the later of time of diagnosis of the matched case or January 1, 1987. The
delayed entry was accommodated by the entrytime option in PROC
PHREG. Follow-up ended at the time of diagnosis of a specific fracture
event, or at time of censoring. Censoring events were death, emigration, or
the end of the data acquisition period (December 31, 2006). For the analysis
of MGUS cases and controls, persons were additionally censored at the time
of diagnosis of MM or Waldenström macroglobulinemia (WM). Adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated
overall and separately for men and women. Adjustment variables included
in the models were sex, age at diagnosis, and year of diagnosis in quartiles.
In addition to sex, models were stratified by MGUS isotype and M protein
concentration at diagnosis. P values for heterogeneity of effects by MGUS
isotype were computed by including appropriate interaction terms in the
models. To compute P values for heterogeneity for risk of axial (skull,
vertebral/pelvis, and sternum/costae) versus distal (arm and leg) fractures,
we duplicated the cohort and added an indicator variable with value zero for
the original cohort and value one for the duplicated cohort. We then counted
axial fractures as events in the original and distal in the duplicated cohort
and tested for differences by including an interaction term between
case-control status and the cohort indicator. Dependence between the
cohorts was accommodated with the use of the sandwich variances
estimate.

Results

A total of 5326 patients with MGUS and 20 161 matched controls
were included in the study. Demographic and clinical characteris-
tics of the patients and controls are shown in Table 1. The median
age at diagnosis was 71 years, and 50% of patients were men.

MGUS isotype was available for 61% of patients, and was IgG,
IgA, and IgM in 40%, 11%, and 10%, respectively. Data on M
protein concentration at diagnosis were available for 53% of
patients; of those, 60% had concentrations above 10.0 g/L and 40%
below (Table 1).

Compared with controls patients with MGUS had a signifi-
cantly increased risk of any fracture of 1.7-fold (95% CI, 1.6-fold
to 1.9-fold) and 1.6-fold (1.5-fold to 1.7-fold) after 5 and 10 years
of follow-up, respectively (Table 2). No statistical difference was
observed in risk between men and women. When analyzing
specific anatomic sites of fractures, patients with MGUS had a

Table 1. Characteristics of patients with MGUS and their matched
controls

Patients with MGUS MGUS controls

Total, n 5326 20 161

Sex, N (%)

Male 2642 (49.61) 9990 (49.55)

Female 2684 (50.39) 10 171 (50.45)

Median age at diagnosis, y (range) 71 (22-100) 71 (22-100)

Age group, y, n (%)

Younger than 40 114 (2.14) 446 (2.21)

40-49 336 (6.31) 1310 (6.50)

50-59 765 (14.36) 2963 (14.70)

60-69 1210 (22.72) 4684 (23.33)

70-79 1779 (33.40) 6756 (33.51)

80 and older 1122 (21.07) 4002 (19.85)

MGUS subtype, n (%)

IgG 2146 (40.29) —

IgA 578 (10.85) —

IgM 530 (9.95) —

IgD 2 (0.00) —

Missing 2070 (38.87) —

M protein concentration, n (%)

Less than 10.0 g/L 1732 (32.52) —

At least 10.0 g/L 1108 (20.80) —

Missing 2486 (46.68) —

— indicates not applicable.

Table 2. Relative risk of selected fractures after a diagnosis of MGUS compared with matched controls

Disease/grouping

5-y follow-up 10-y follow-up

MGUS
(n � 5326)

Ctrl
(n � 20 161) HR* (95% CI) MGUS Ctrl HR* (95% CI)

Any fracture (combined)

All patients 569 1461 1.74 (1.58-1.92) 880 2455 1.61 (1.49-1.74)

Men 222 519 1.89 (1.61-2.21) 337 874 1.71 (1.51-1.94)

Women 347 942 1.66 (1.47-1.88) 543 1581 1.56 (1.42-1.72)

Specific fractures

Skull fracture 15 52 1.22 (0.69-2.17) 23 81 1.20 (0.76-1.91)

Vertebral/pelvis fracture 155 255 2.67 (2.18-3.26) 231 435 2.37 (2.02-2.78)

Sternum/costae fracture 52 109 2.06 (1.48-2.87) 87 197 1.93 (1.50-2.48)

Arm fracture 130 399 1.38 (1.13-1.69) 224 777 1.23 (1.06-1.43)

Leg fracture 279 807 1.53 (1.33-1.75) 439 1394 1.40 (1.26-1.56)

Other/multiple bone fractures 78 71 4.55 (3.30-6.27) 116 115 4.25 (3.29-5.51)

HR indicates hazard ratio; CI, confidence interval; and ctrl, controls.
*Adjusted for age, sex, and calendar period.
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significantly increased 5- and 10-year risk of vertebral/pelvis
(HR � 2.7; 95% CI, 2.2-3.2 and HR � 2.4; 95% CI, 2.0-2.8),
sternum/costae (HR � 2.1; 95% CI, 1.5-2.9 and HR � 1.9; 95% CI,
1.5-2.5), arm (HR � 1.4; 95% CI, 1.1-1.7 and HR � 1.2; 95% CI,
1.1-1.4), leg (HR � 1.5; 95% CI, 1.3-1.8 and HR � 1.4; 95% CI,
1.3-1.6), and other/multiple fractures (HR � 4.6; 95% CI, 3.3-6.3
and HR � 4.3; 95% CI, 3.3-5.5).

Analyses on the basis of type of M protein are shown in Table 3.
Patients with IgG or IgA MGUS had a significantly increased risk
of any fracture at 5 years (HR � 1.7; 95% CI, 1.5-1.9) and 10 years
(HR � 1.6; 95% CI, 1.4-1.7) of follow-up. The risk for axial (skull,
vertebral/pelvis, and sternum/costae) fractures was higher com-
pared with distal (arm and leg) fractures according to 5 years
(HR � 2.3; 95% CI, 1.8-2.9 vs HR � 1.4; 95% CI, 1.2-1.6;
P � .001) and 10 years (HR � 2.1; 95% CI, 1.8-2.6 vs HR � 1.3;
95% CI, 1.1-1.4; P � .001) of follow-up. Risk of any fracture
among patients with IgM MGUS was increased at 10 years
(HR � 1.3; 95% CI, 1.0-1.6) but not at 5 years after diagnosis. Risk
of any fracture on the basis of 5 (P � .14) and 10 (P � .18) years of
follow-up between IgG/IgA and IgM MGUS was not statistically
different.

The risk of fractures on the basis of 5 and 10 years of follow-up
in patients with MGUS with a high compared with low M protein
concentration at diagnosis (above vs below 10.0 g/L) was similar
(Table 4).

Within 10 years after MGUS diagnosis, 187 patients with
IgG/IgA had progressed to MM. The risk of progression to MM did
not differ between patients with MGUS with fracture and patients
without (HR � 0.7; 95% CI, 0.4-1.4). Similarly, among patients
with MGUS with an IgM isotype, the risk for WM was similar
when analyzing patients with fractures compared with patients
without fractures. Sensitivity analyses that excluded fractures
occurring within 12 months before MM or WM diagnosis gave
similar results (data not shown).

Discussion

In this large study that included more than 5000 patients with
MGUS and their matched controls, we found that patients with
MGUS had an increased risk of fractures. Importantly, we did not
find fractures to predict for MM or WM progression. Our findings
provide further support for the development of osteoporosis
prophylaxis strategies in patients with MGUS and are of impor-
tance for the understanding of the underlying mechanisms for bone
disease in MGUS and MM.

Available information on fracture risk in MGUS is restricted
and typically based on small numbers.2,5,8,9 In one study that
included 488 patients with MGUS, an increased risk was only
observed of axial but not distal fractures.2 In a screening study from
the Mayo Clinic, based on 605 patients with MGUS, a significantly
increased risk was observed of vertebral, hip, and clavicle frac-
tures, whereas there was no increase in the risk of fracture of long
bones.5 To our knowledge, these are the only 2 studies that
analyzed the risk of different types of fractures in patients with
MGUS. In contrast to these investigations, we observed an
increased risk of many types of fractures after 5 and 10 years of
follow-up, including fracture of the vertebra, pelvis, sternum, ribs,
arms, and legs. When we analyzed axial and distal fractures
separately, we found a higher risk of axial than distal fractures
among patients with IgG/IgA MGUS; however, both were signifi-
cantly higher than for controls. Taken together, these data show that
patients with MGUS have an increased risk of fractures; however,
the higher risk in axial sites suggests that the underlying mecha-
nism might be related to the production of hematopoietic marrow,
primarily seen in axial bones. Interestingly, studies that used more
sensitive methods such as magnetic resonance imaging have
detected more bone lesions than standard bone survey in patients

Table 3. Relative risk of selected fractures among patients with MGUS patients (vs matched controls), stratified by MGUS subtype

Disease/grouping

IgG/IgA subtype IgM subtype

5-y follow-up 10-y follow-up 5-y follow-up 10-y follow-up

MGUS
(n � 2724)

Ctrl
(n � 10 348) HR* (95% CI) MGUS Ctrl HR* (95% CI)

MGUS
(n � 530)

Ctrl
(n � 2017) HR* (95% CI) MGUS Ctrl HR* (95% CI)

Any fracture 276 685 1.67 (1.45-1.92) 446 1214 1.55 (1.39-1.73) 59 169 1.31 (0.97-1.76) 95 275 1.30 (1.03-1.64)

Axial fractures† 104 184 2.27 (1.79-2.89) 169 331 2.12 (1.76-2.55) 20 49 1.48 (0.88-2.50) 30 71 1.59 (1.04-2.44)

Distal fractures‡ 177 532 1.36 (1.15-1.61) 298 974 1.27 (1.11-1.44) 43 126 1.28 (0.91-1.81) 70 223 1.17 (0.89-1.53)

HR indicates hazard ratio; CI, confidence interval; and ctrl, controls.
*Adjusted for age, sex, and calendar period.
†Skull, vertebral/pelvis, sternum/costae.
‡Arm, leg.

Table 4. Relative risk of selected fractures among patients with MGUS (vs matched controls), stratified by M protein concentration at
diagnosis

Disease/grouping

Concentration of M protein below 10 g/L Concentration of M protein above 10 g/L

5-y follow-up 10-y follow-up 5-y follow-up 10-y follow-up

MGUS
(n � 1732)

Ctrl
(n � 6585) HR* (95% CI) MGUS Ctrl HR* (95% CI)

MGUS
(n � 1108)

Ctrl
(n � 4214) HR* (95% CI) MGUS Ctrl HR* (95% CI)

Any fracture 173 448 1.61 (1.35-1.92) 278 776 1.52 (1.32-1.74) 117 303 1.55 (1.25-1.92) 184 497 1.52 (1.28-1.80)

Axial fractures† 64 113 2.28 (1.68-3.11) 100 211 1.99 (1.57-2.53) 43 88 1.86 (1.29-2.69) 68 134 2.02 (1.51-2.70)

Distal fractures‡ 123 360 1.41 (1.15-1.74) 202 637 1.32 (1.13-1.55) 71 225 1.26 (0.97-1.65) 119 393 1.22 (1.00-1.50)

HR indicates hazard ratio; CI, confidence interval; and ctrl, controls.
*Adjusted for age, sex, and calendar period.
†Skull, vertebral/pelvis, sternum/costae.
‡Arm.
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with MM and that they predicted survival.18 Future studies are
needed to characterize bone disease in patients with MGUS
because this may have prognostic indications. Currently, interna-
tional guidelines do not recommend the use of bisphosphonates in
patients with MGUS.19 However, 2 studies have evaluated the
effect of bisphosphonates in patients with MGUS and have found
an improvement in bone mineral density and bone loss.20,21

Randomized clinical trials are needed to establish the role of
bisphosphonates in patients with MGUS.

On the basis of small numbers, contradictory results have been
reported about MGUS isotype and fracture risk. In the Danish
study, including 1535 patients with MGUS, IgG and IgM MGUS
was found to be associated with a higher risk,8 whereas in the Mayo
Clinic study (n � 488), IgG MGUS was found to be protective.22

In our study, we found that among 2724 patients with IgG/IgA
MGUS, there was a slightly higher risk of fractures compared with
that among 530 patients with IgM MGUS; however, the difference
was not significant. It is possible that this might be due to small
numbers. Future studies are needed to address this issue. Similar to
previous studies,8,22 we found no association between concentra-
tion of M protein and risk of fractures. The underlying mechanisms
for these findings need to be explored.

Our study adds substantially to the limited literature on fracture
risk in MGUS. Earlier studies have found an abnormal bone
degradation by histomorphometric studies in bone biopsies from
patients with MGUS.23 In addition, an increase in bone resorption
makers has been found in some MGUS studies but not all.12-15,24-26

Interestingly, characterization of markers such as receptor activator
of nuclear factor-�B ligand has provided new insights into the
pathophysiology of bone disease in MM and has also been shown
to be affected in patients with MGUS.9,27 In addition, studies have
shown an increased production of the Wnt-signaling antagonist
DKK1 in MM but not in patients with MGUS,28 and that it
correlates with focal bone lesions in patients with MM.29 Because
MM is consistently preceded by MGUS,3 there may be similar
subgroups of patients with MGUS who have different risks of bone
disease; however, other biomarkers of bone disease may also play
a role. Interestingly, the expression of DKK1 was increased in
patients with MGUS compared with controls and not in advanced
MM, suggesting that these inhibitors may mediate bone destruction
in the early phase of MM or even in MGUS.28

Our study has several strengths, including its large size as well
as the application of high-quality data from Sweden, its population
with access to standardized medical care during the entire study
period. In our study, we used a register-based cohort design, which
ensured a population-based setting and generalization of our
findings. As reported previously,30 the patients with MGUS in our
study had their condition diagnosed at hematology/oncology
outpatient units. In accordance with clinical practice in Sweden,
most patients with MGUS typically underwent a bone marrow
examination as part of the clinical workup. In a recent validation
study, we have reported that ascertainment and diagnostic accuracy
for lymphoproliferative disorders is very high (� 90%-95%) in
Sweden.31 Limitations include the lack of information on potential
confounders (although the matched design and analyses ensured
adjustment for sex, age, and geography) and lack of detailed
clinical data, including underlying diseases. Because our data do

not come from an MGUS screening study, some of the controls
might have an undiagnosed MGUS, and also the observed excess
risks among patients with MGUS may partly reflect various
underlying medical illnesses that lead to the medical workup and
the detection of the M protein. To minimize such influences,
patients with MGUS with a diagnosis of a lymphoproliferative
malignancy and fractures occurring within 6 months after MGUS
diagnosis were excluded from our analyses. Another limitation is
the potential inaccuracy and lack of independent validation of
fracture diagnosis obtained from the centralized Patient Registry.
However, because we compared MGUS cases with matched
controls, using data from the same registries, the ascertainment
should be nondifferential, and any bias should be toward a null
association.

In summary, compared with controls, we found patients with
MGUS to have a significantly increased risk of several types of
fractures. We did not find the occurrence of fracture to be a
predictor of MM or WM progression among patients diagnosed
with MGUS. Our findings are of relevance for the development of
clinical studies designed to uncover pathogenesis and to prevent
bone disease in early myelomagenesis. Consequently, they may
have implications for the development of future MM treatment
strategies that target the bone marrow microenvironment.
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