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A bs tr ac t

Background

The prevalence of monoclonal gammopathy of undetermined significance (MGUS), 
a premalignant plasma-cell disorder, among persons 50 years of age or older has not 
been accurately determined. We used sensitive laboratory techniques to ascertain 
the prevalence of MGUS in a large population in a well-defined geographic area.

Methods

We identified all living residents of Olmsted County, Minnesota, as of January 1, 
1995. We obtained serum that remained after the performance of routine clinical 
tests at Mayo Clinic or asked subjects for whom such serum was unavailable to 
provide a sample. Agarose-gel electrophoresis was performed on all serum samples, 
and any serum sample with a discrete band of monoclonal protein or thought to 
have a localized band was subjected to immunofixation.

Results

Serum samples were obtained from 21,463 of the 28,038 enumerated residents 50 
years of age or older (76.6 percent). MGUS was identified in 694 (3.2 percent) of 
these persons. Age-adjusted rates were higher in men than in women (4.0 percent 
vs. 2.7 percent, P<0.001). The prevalence of MGUS was 5.3 percent among persons 
70 years of age or older and 7.5 percent among those 85 years of age or older. The 
concentration of monoclonal immunoglobulin was less than 1.0 g per deciliter in 
63.5 percent and at least 2.0 g per deciliter in only 4.5 percent of 694 persons. The 
concentration of uninvolved immunoglobulins was reduced in 27.7 percent of 447 
persons tested, and 21.5 percent of 79 tested had a monoclonal urinary light chain.

Conclusions

Among residents of Olmsted County, Minnesota, MGUS was found in 3.2 percent of 
persons 50 years of age or older and 5.3 percent of persons 70 years of age or older.
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A lthough multiple myeloma is the 
prototypical monoclonal gammopathy, 
the most common plasma-cell disorder is 

the premalignant precursor of myeloma, mono-
clonal gammopathy of undetermined significance 
(MGUS). MGUS is defined by a monoclonal im-
munoglobulin concentration in serum of 3 g per 
deciliter or less; the absence of lytic bone lesions, 
anemia, hypercalcemia, and renal insufficiency 
related to the proliferation of monoclonal plasma 
cells; and a proportion of plasma cells in the bone 
marrow of 10 percent or less.1-3 In large referral 
centers, half the patients with a monoclonal gam-
mopathy have MGUS, whereas only 15 to 20 per-
cent have multiple myeloma.

MGUS is associated with a rate of progression 
to multiple myeloma or a related malignant con-
dition of 1 percent per year.1,2 Since this rate does 
not decrease with time, a patient with MGUS re-
quires follow-up indefinitely. A serum monoclonal 
protein concentration of at least 1.5 g per deciliter, 
a monoclonal immunoglobulin other than IgG, 
and an abnormal serum free light-chain ratio 
(kappa:lambda light chains) are the main risk 
factors for progression to a malignant condition.4 
Twenty years after the diagnosis of MGUS, the risk 
of a malignant condition is 58 percent in patients 
with all three risk factors, 37 percent in patients 

with any two of the risk factors, 21 percent in 
patients with one risk factor, and 5 percent in 
patients with no risk factors. This classification 
identifies patients who are at highest risk for 
progression to multiple myeloma or a related 
malignant condition and who might benefit 
from an intervention that could prevent multiple 
myeloma.5

Opportunities to test preventive strategies are 
hampered by the underdiagnosis of MGUS in 
routine clinical practice. The coincidental finding 
of MGUS is not rare and is virtually never related 
to the patient’s primary medical problem. Indeed, 
the frequency of monoclonal immunoglobulins 
in serum from a normal population has been 
reported to be 0.5 to 3.6 percent among patients 
seen in community practice6-8 or in hospitals9-11 
(Table 1). The true prevalence of MGUS has not 
been estimated accurately, however, because pre-
vious studies lacked a geographically defined 
population in which testing could be performed 
during a specified period. Furthermore, the 
screening methods used in many previous stud-
ies are less sensitive than current techniques. To 
overcome these limitations, we used sensitive 
laboratory procedures to determine the preva-
lence of MGUS in a large population in a well-
defined geographic area.

Table 1. Prevalence of MGUS in Reported Studies.

Location Age (yr)
No. of

Persons Studied
Prevalence of 
MGUS (%)

Test Used to Identify
Monoclonal Protein Population Based Reference

Swedish nursing home ≥70 294 3.1 Paper electrophoresis
Immunoelectrophoresis

No Hallen6

Southern Sweden ≥25 6,995 0.9 Paper electrophoresis
Immunoelectrophoresis

No Axelsson et al.7

Finistère, France ≥50 17,968 1.7 Cellulose acetate
Immunoelectrophoresis

No Saleun et al.8

Ragiora, New Zealand >21 2,192 0.5 Cellulose acetate No Carrell et al.12

Northern Minnesota ≥50 1,200 1.2 Cellulose acetate
Immunoelectrophoresis

No Kyle et al.13

North Carolina (1 urban 
and 4 rural counties)

≥70 816 3.6 Agarose gel
Immunofixation

No Cohen et al.14

Large city hospital, 
United States

Not given 73,630 1.2 Agarose gel
Immunoelectrophoresis

No (inpatient) Vladutiu9

General hospital, Italy Not given 102,000 0.7 Cellulose acetate
Immunoelectrophoresis

No (inpatient) Malacrida et al.10

Provincial hospital, Italy 11 to >75 35,005 2.9 Cellulose acetate
Immunofixation

No (inpatient and 
outpatient)

Aguzzi et al.11

Olmsted County, 
Minnesota

≥50 21,463 3.2 Agarose gel
Immunofixation

Yes Current study
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Me thods

After the study was approved by the institutional 
review boards of the Mayo Foundation and the 
Olmsted Medical Center, we obtained a list of 
residents of Olmsted County, Minnesota, as of 
January 1, 1995, from the Rochester Epidemiology 
Project.15 For some residents who were included 
in this study, MGUS had been discovered during 
their routine clinical care. For the others, we ob-
tained serum that remained unused after routine 
clinical tests in the Mayo Clinic central-processing 
laboratory, which receives all blood samples from 
Mayo Clinic outpatients and inpatients at its affili-
ated Saint Marys and Rochester Methodist hospi-
tals in Rochester, Minnesota. In patients for whom 
three or more chemistry studies are ordered, an 
additional amount of blood is removed at initial 
phlebotomy; this practice permits physicians to 
order additional tests without performing another 
phlebotomy. These serum samples are held in the 
central-processing laboratory for six days and then 
discarded.

We developed a computerized system to track 
samples assayed by the central-processing labo-
ratory, matched this information with demo-
graphic data in Mayo Clinic registration data-
bases, and printed a daily listing of each sample 
from any resident of Olmsted County who was 
50 years of age or older who had not already 
been incorporated into the study. These samples 
were retrieved on the sixth day after phlebotomy 
and frozen at ¡70°C. A letter, also approved by 
the institutional review boards, was then sent to 
each patient asking for permission to study the 
blood sample. The consent form enclosed in the 
letter was signed by the patient, witnessed, and 
returned to us. If the patient did not respond 
within 30 days, a second letter was sent, and if 
there was still no response, a third letter was 
sent 30 days later.

Any patient who had not responded to the 
three letters after six months and who returned 
to provide another blood sample was contacted 
again, as had been done initially, for permission 
to use the sample. If a patient had died, a letter 
was sent to the next of kin to obtain permission. 
Finally, all Olmsted County residents eligible for 
the study who had not been seen at Mayo Clinic 
during the collection period, with the exception 
of those who had died or had moved away, were 
sent a letter asking them to provide a serum 

specimen. Residents who obtained their medical 
care from Olmsted Medical Center were also 
contacted by letter and asked to provide a serum 
sample.

Laboratory Tests

Approximately four months after the collection 
of serum, when most of the subjects had replied 
to our letter, the samples from those who con-
sented were thawed. Electrophoresis was per-
formed on agarose gel (REP, Helena Laboratories). 
The agarose strip was inspected by a technician 
and by Dr. Kyle. Any serum with a discrete band 
or thought to have a localized band was subjected 
to immunofixation (Hydrasys and Hydragel, Se-
bia).16 If the patient did not give consent for use 
of the specimen, all patient-specific information, 
with the exception of sex and age group, was de-
leted to ensure anonymity, and the specimen was 
unmarked. These samples were tested in large 
batches, as prescribed by the institutional review 
board. MGUS was defined in accordance with 
previous definitions.1-3

Statistical analysis

Although serum samples were collected over a 
period of several years, each subject was assessed 
only once. Because MGUS is a chronic condition, 
the first value obtained was presumed to repre-
sent the status of that subject as of January 1, 
1995. Prevalence rates were calculated by divid-
ing the number of persons with MGUS in each 
age and sex stratum by the number of subjects in 
that stratum for whom an assayed serum sample 
was available. Age-adjusted and overall age- and 
sex-adjusted prevalence rates were obtained by 
direct standardization to the total population of 
the United States that was 50 years of age or older 
in 2000.

The age- and sex-specific prevalence pattern 
was examined with a smoothed function of age, 
separately by sex, with the use of generalized-
additive-model procedures for Poisson regres-
sion.17 The number of persons with MGUS was 
entered as the dependent variable, age as the 
independent variable, and the number of sam-
ples as an offset. This method has been illus-
trated previously with regard to trends in the 
prevalence of hip fractures.18 The study was 
designed, the data were gathered and analyzed, 
and the manuscript was written by all the au-
thors.
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R esult s

A total of 28,038 enumerated residents of Olm-
sted County were 50 years of age or older as of 
January 1, 1995. From January 1, 1995, to Decem-
ber 31, 2001, serum samples were obtained from 
20,581 of these residents in the course of their 
routine clinical care. Permission to study the blood 
sample was obtained from 16,485 (79.1 percent) 
(Table 2). Of the families of deceased patients, 
60.9 percent gave permission to use the sample.

In addition, 229 patients who were known to 
have MGUS at the time of study entry and who 
would have been identified as part of the central-
processing method intentionally were not retest-
ed. Among 220 participants, MGUS had been 

identified in 174 before the start of the study on 
January 1, 1995, and was identified in 46 by their 
physicians during the collection period. The nine 
remaining patients had monoclonal kappa or 
lambda light chains in the serum or urine.

By the end of the accrual period, 7228 resi-
dents still had not provided a sample. Letters 
requesting a sample were sent to 5117 residents, 
of whom 653 provided a sample. Letters were 
not sent to 2111 residents for the following rea-
sons: 1609 had died, 262 had not given permis-
sion for their medical records to be reviewed,19 
116 could not be contacted, 93 had moved out-
side Olmsted County, and 31 had a known MGUS 
but were not seen at Mayo Clinic during the 
sampling period (Table 2). Even though these 31 

Table 2. Results of Requests of Investigators to Study Serum Samples.*

Type of Contact
Permission

Granted
Permission
Refused† Other†‡

Permission 
Granted Total No.

number %

Face-to-face 244 NA NA 100 244

Status already known NA NA 473 NA 473

Letter to patient

1st 12,989 625 58 95.0 13,672

2nd 2,177 271 74 86.3 2,522

3rd 885 541 1932 26.3 3,358

Letter to family 190 18 104 60.1 312

Total 16,485 1455 2641 80.1 20,581

Percent 80.1 7.1 12.8 100

Results No. of Patients No. of Patients with MGUS

Patients with samples analyzed

Identified in central-processing laboratory 20,581§ 460

Previously known 229¶ 220

Patients responded to letter at end of accrual 653 14

Total 21,463 694

Patients with no samples analyzed

Patient or family did not respond to letter 4,464 NA

Patient could not be contacted 2,111∥ NA

Total 6,575 NA

Total population 28,038 NA

* NA denotes not applicable.
† Patient-specific information was removed before electrophoresis.
‡ “Other” includes patients classified as “missing,” “do not contact,” and “refused research,” as well as those who did not respond.
§ Of these 20,581 patients, 4069 had blinded samples.
¶ Nine patients had Bence Jones proteinuria.
∥ Patients were not contacted for the following reasons: 1609 had died, 262 had declined to provide authorization for research, 116 could not 

be contacted, 93 had moved out of Olmsted County, and 31 had known MGUS but were not seen at Mayo Clinic.
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persons were known to have MGUS, they were 
excluded to avoid a biased estimate of prevalence.

Overall, 1455 patients declined to grant per-
mission to use their samples and 2641 did not 
respond to our requests for permission. After all 
identification data except sex and age group were 
removed, electrophoresis was performed on the 
samples from these 4096 patients.

Prevalence

A monoclonal immunoglobulin was found in the 
serum of 371 of the 16,485 participants who had 
given permission (2.3 percent), 89 of the 4096 
with blinded samples (2.2 percent), and 14 of the 
653 who responded to our letters at the end of 
the accrual period (2.1 percent). In addition, sam-
ples from 229 participants who were known to 
have MGUS at study entry would have been ana-
lyzed. Thus, 694 of the 21,463 Olmsted County 
residents (3.2 percent) had MGUS.

MGUS was found in 350 of 9469 men, as com-
pared with 344 of 11,994 women (3.7 percent vs. 
2.9 percent, P<0.001) (Table 3). Of the 20,072 
Olmsted County residents whose race or ethnic 
group was known, 97.3 percent were white and 
1.4 percent were Asian. Of the 605 patients with 
MGUS whose race or ethnic group was known, 
99.3 percent were white.

The overall prevalence of MGUS was 3.2 per 
100 persons who were 50 years of age or older 
(95 percent confidence interval, 3.0 to 3.5) 
(Table 3). Age-adjusted rates were higher in men 
(4.0 per 100; 95 percent confidence interval, 3.5 

to 4.4) than in women (2.7 per 100; 95 percent 
confidence interval, 2.4 to 3.0) (P<0.001). The rate 
among men was similar to that among women 
a decade older (Table 3). In both sexes, the preva-
lence increased with advancing age and was al-
most four times as high among persons 80 years 
of age or older as among those 50 to 59 years of 
age (Table 3). The prevalence leveled off after 85 
years of age in men (Fig. 1) and after 90 years of 
age in women. In persons older than 85 years of 
age, the prevalence of MGUS was 8.9 percent in 
men and 7.0 percent in women (total, 7.5 percent). 
There was no significant difference in the con-
centration of the monoclonal protein among the 
age groups.

The prevalence of MGUS decreased slightly 
throughout the data-collection period, from 4.4 
percent in the first year to 3.2 percent through 
the last year of sample collection (P = 0.41). Thus, 
patients who sought medical care frequently and, 
therefore, had blood samples analyzed earlier 
were at no greater risk for MGUS than the appar-
ently healthier population who did not seek medi-
cal care regularly (and had blood samples ana-
lyzed later).

Laboratory Characteristics

The isotype of the monoclonal immunoglobulin 
was IgG in 68.9 percent of the 694 patients with 
MGUS, IgM in 17.2 percent, IgA in 10.8 percent, 
and biclonal in 3.0 percent. The serum light-
chain type was kappa in 62.0 percent and lambda 
in 37.9 percent of these 694 patients. The mono-
clonal immunoglobulin concentration was less 
than 1.00 g per deciliter in 63.5 percent of pa-
tients, 1.00 to 1.49 g per deciliter in 16.6 percent, 
1.50 to 1.99 g per deciliter in 15.4 percent, and at 
least 2.00 g per deciliter in 4.5 percent; it was too 
low to measure in 91 patients (13.1 percent). Indi-
vidual values ranged from unmeasurable to 2.94 g 
per deciliter; the median was 0.5 g per deciliter, 
or 0.7 g per deciliter if the unmeasurable proteins 
were excluded. The concentration of uninvolved 
(normal, polyclonal, or background) immuno-
globulins was reduced in 124 of the 447 patients 
whose immunoglobulin concentration was mea-
sured (27.7 percent). One of the two measured iso-
types of polyclonal immunoglobulins was reduced 
in 21.9 percent of patients, and both were de-
creased in 5.8 percent. Urine from 79 subjects 
with MGUS was tested by means of immunofixa-

Table 3. Prevalence of MGUS According to Age Group and Sex among 
Residents of Olmsted County, Minnesota.

Age Men Women Total

number/total number (percent)*

50–59 yr  82/4038 (2.0)  59/4335  (1.4) 141/8373  (1.7)

60–69 yr 105/2864 (3.7)  73/3155  (2.3) 178/6019  (3.0)

70–79 yr 104/1858 (5.6) 101/2650  (3.8) 205/4508  (4.6)

≥80 yr  59/709  (8.3) 111/1854  (6.0) 170/2563  (6.6)

Total 350/9469 (3.7)† 344/11,994 (2.9)†    694/21,463 (3.2)†‡

* The percentage was calculated as the number of patients with MGUS divided 
by the number who were tested.

† Prevalence was age-adjusted to the 2000 U.S. total population as follows: men, 
4.0 percent (95 percent confidence interval, 3.5 to 4.4); women, 2.7 percent 
(95 percent confidence interval, 2.4 to 3.0); and total, 3.2 percent (95 percent 
confidence interval, 3.0 to 3.5).

‡ Prevalence was age- and sex-adjusted to the 2000 U.S. total population.
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tion. A monoclonal kappa light chain (16.5 per-
cent) or lambda light chain (5.0 percent) was 
found in 17 patients tested. Table 4 lists the labo-
ratory features of patients in the nonblinded, 
blinded, and clinically recognized samples.

Prevalence of MGUS in New Residents

During the seven-year accrual period, 2818 persons 
50 years of age or older moved to Olmsted County 
and provided a blood sample during our collection 
process. Of these, 1778 (63.1 percent) gave permis-
sion to study their serum sample. They were not 
included in the prevalence estimate. The median 
age of this group was 65.9 years, and 47.4 percent 
were men. Sixty-five (3.7 percent) had MGUS. 
The median monoclonal immunoglobulin value 
was 0.6 g per deciliter, and the isotype was IgG in 
69.2 percent. These values are similar to those for 
the long-time residents of Olmsted County.

Discussion

Although the term “monoclonal gammopathy of 
undetermined significance,” or “MGUS” was in-
troduced more than 25 years ago1 and long-term 
studies of the prognosis have been reported,1,2,20 
we are unaware of any previous studies that have 
established the prevalence of MGUS in a geo-
graphically defined population with the use of 
sensitive laboratory techniques. With the use of 
our computerized system, we obtained results 
from 76.6 percent of the enumerated population of 
Olmsted County that was 50 years of age or older, 
and MGUS was found in 3.2 percent. The preva-
lence of MGUS in this study of Olmsted County 
residents is approximately twice that reported in 
some other studies7,8 (Table 1). In particular, the 
5.3 percent prevalence of MGUS among the Olm-
sted County residents 70 years or older was almost 
double that reported previously.7,8

Our results are almost fully representative of 
the entire population and are unlikely to be dif-
ferent had the total population been analyzed. 
Within the study cohort, the frequency of MGUS 
among subjects who gave permission to perform 
the serum studies was the same as that among 
subjects who did not give permission. The rela-
tively high prevalence of MGUS in the general 
population in this study has implications for any 
screening programs or preventive strategies that 
are developed to reduce mortality from myeloma.

We found that the prevalence of MGUS in-
creases with advancing age. In addition, we found 
that men have a higher frequency of MGUS than 
women; this finding corresponds to that in mul-
tiple myeloma, in which men account for almost 
60 percent of patients.21 The association with age 
and sex was particularly notable in men 80 years 
of age or older, 8.3 percent of whom had MGUS. 
Knowledge of the age- and sex-specific prevalence 
rates of MGUS can influence patient care. Aware-
ness of the frequency of MGUS in the elderly may 
limit the number of diagnostic tests to investi-
gate the abnormality, because in most cases, the 
presence of a small monoclonal protein will be 
unrelated to the patient’s medical problem. In fact, 
the presence of such a monoclonal immuno-
globulin can be coincidental even among patients 
in whom a plasma-cell disorder is suspected. For 
example, elderly patients in whom systemic amy-
loidosis is diagnosed may have senile systemic 
amyloidosis and an unrelated MGUS, rather than 
a monoclonal protein associated with primary 
systemic amyloidosis. Nevertheless, all patients 
with MGUS must be monitored indefinitely for 
progression to a malignant condition.

The prevalence of MGUS increases with ad-
vancing age, but after adjustment for the concen-
tration of the monoclonal protein, the annual risk 
of progression to myeloma or a related cancer is 
not affected by age or the duration of MGUS.2 
Younger patients are more likely to have pro-
gression to cancer during their lifetimes simply 
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Figure 1. Prevalence of MGUS According to Age.

The I bars represent 95 percent confidence intervals. Years of age greater 
than 90 have been collapsed to 90 years of age.
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because they are at risk for a longer time than 
are elderly patients.

The most common immunoglobulin type in 
MGUS identified in this study was IgG (more 
than two thirds of cases). This finding is similar 
to that in a French study,8 in which 68 percent 
of cases were of the IgG type. IgM MGUS was, 
however, found in 17 percent of our patients, 24 
percent of patients in the French study, and only 
8 percent in a Swedish study7; there is no appar-
ent explanation for this discrepancy. The concen-
tration of monoclonal protein in our study was 
small (median, 0.5 g per deciliter); 13.1 percent 
of patients had unmeasurable protein concentra-
tions, and only 4.5 percent had a concentration 
of 2 g per deciliter or more.

In summary, this population-based study, 
which used sensitive laboratory techniques to 
detect monoclonal gammopathies, provides age- 
and sex-specific estimates of MGUS in a geo-
graphically defined population that is generally 
representative of the white population of the 
United States.15 Our results can form the basis 
of future screening programs and preventive 
strategies.

Supported in part by research grants (CA 62242 and CA 107476) 
from the National Cancer Institute.

No potential conflict of interest relevant to this article was 
reported.

We are indebted to Michelle Massey for performing the elec-
trophoresis and immunofixation, to Tara Phelps for collecting 
and monitoring the samples, and to the Mayo Clinic Section of 
Scientific Publications for initial editing, proofreading, and ref-
erence verification.

Table 4. Characteristics of Patients with MGUS among Residents of Olmsted County, Minnesota.

Characteristic
Nonblinded Sample

(N = 385)*
Blinded Sample

(N = 89)†
Clinical Sample

(N = 220)‡
Total

(N = 694)

Male sex (%) 54 46 45 50

Age

Median (yr) 68 NA 75 70

50–59 yr (%) 24.7 23.6 11.4 20.3

60–69 yr (%) 29.6 13.5 23.6 25.7

70–79 yr (%) 28.1 34.0 30.0 29.5

≥80 yr (%) 17.7 28.1 35.0 24.5

Immunoglobulin isotype (%)

IgG 68.1 68.2 70.9 68.9

IgA 11.4 9.1 10.5 10.8

IgM 16.9 18.2 17.3 17.2

Biclonal 3.6 4.6 1.4 3.0

Monoclonal protein (g/dl)

Median 0.5 0.5 1.0 0.5

Range Unmeasurable–2.94 Unmeasurable–2.14 Unmeasurable–2.76 Unmeasurable–2.94

Reduced concentration of uninvolved 
immunoglobulins (%)

0 75.3 NA 62.8 72.3

1 19.8 NA 28.3 21.9

2 4.9 NA 8.9 5.8

* Patients in the nonblinded sample gave permission to have their serum sample studied. A monoclonal immunoglobu-
lin was found in the serum of 371 of the 16,485 participants who had given permission (2.3 percent), as well as in 14 
of the 653 who responded to our letters at the end of the accrual period (2.1 percent). NA denotes not applicable.

† Serum samples from patients who did not give permission to have their sample studied were blinded. A monoclonal im-
munoglobulin was found in the serum of 89 of the 4096 with blinded samples (2.2 percent). NA denotes not applicable.

‡ Patients in the clinical sample were known to have MGUS at entry into the study. Of 229 patients who were thought to 
have MGUS at study entry, 220 (96.1 percent) had the disorder and 9 (3.9 percent) had Bence Jones proteinuria.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 



prevalence of monoclonal gammopathy of undetermined significance

n engl j med 354;13 www.nejm.org march 30, 2006 1369

References

Kyle RA. Monoclonal gammopathy of 
undetermined significance: natural his-
tory in 241 cases. Am J Med 1978;64:814-
26.

Kyle RA, Therneau TM, Rajkumar SV, 
et al. A long-term study of prognosis in 
monoclonal gammopathy of undeter-
mined significance. N Engl J Med 2002;
346:564-9.

International Myeloma Working Group. 
Criteria for the classification of monoclo-
nal gammopathies, multiple myeloma and 
related disorders: a report of the Interna-
tional Myeloma Working Group. Br J Hae-
matol 2003;121:749-57.

Rajkumar SV, Kyle RA, Therneau TM, 
et al. Serum free light chain ratio is an 
independent risk factor for progression in 
monoclonal gammopathy of undetermined 
significance. Blood 2005;106:812-7.

Lust JA, Donovan KA. Chemopreven-
tion: a new paradigm for managing pa-
tients with smoldering/indolent myeloma 
and high-risk MGUS. In: Kelloff GJ, Hawk 
ET, Sigman CC, eds. Cancer chemopreven-
tion: strategies for cancer chemopreven-
tion. Vol. 2. Totowa, N.J.: Humana Press, 
2005:519-28.

Hallen J. Frequency of “abnormal” se-
rum globulins (M-components) in the aged. 
Acta Med Scand 1963;173:737-44.

Axelsson U, Bachmann R, Hallen J. Fre-
quency of pathological proteins (M-com-
ponents) in 6,995 sera from an adult 

1.

2.

3.

4.

5.

6.

7.

population. Acta Med Scand 1966;179:
235-47.

Saleun JP, Vicariot M, Deroff P, Morin 
JF. Monoclonal gammopathies in the adult 
population of Finistere, France. J Clin 
Pathol 1982;35:63-8.

Vladutiu AO. Prevalence of M-proteins 
in serum of hospitalized patients: physi-
cians’ response to finding M-proteins in 
serum protein electrophoresis. Ann Clin 
Lab Sci 1987;17:157-61.

Malacrida V, De Francesco D, Banfi G, 
Porta FA, Riches PG. Laboratory investi-
gation of monoclonal gammopathy during 
10 years of screening in a general hospi-
tal. J Clin Pathol 1987;40:793-7.

Aguzzi F, Bergami MR, Gasparro C, 
Bellotti V, Merlini G. Occurrence of mono-
clonal components in general practice: 
clinical implications. Eur J Haematol 1992;
48:192-5.

Carrell RW, Colls BM, Murray JT. The 
significance of monoclonal gammopathy 
in a normal population. Aust N Z J Med 
1971;1:398-401.

Kyle RA, Finkelstein S, Elveback LR, 
Kurland LT. Incidence of monoclonal pro-
teins in a Minnesota community with a 
cluster of multiple myeloma. Blood 1972;
40:719-24.

Cohen HJ, Crawford J, Rao MK, Pieper 
CF, Currie MS. Racial differences in the 
prevalence of monoclonal gammopathy in 
a community-based sample of the elderly. 

8.

9.

10.

11.

12.

13.

14.

Am J Med 1998;104:439-44. [Erratum, Am 
J Med 1998;105:362.]

Melton LJ III. History of the Rochester 
Epidemiology Project. Mayo Clin Proc 1996;
71:266-74.

Kyle RA, Katzmann JA, Lust JA, Dis-
penzieri A. Immunochemical character-
ization of immunoglobulins. In: Rose NR, 
Hamilton RG, Detrik B, eds. Manual of 
clinical laboratory immunology. 6th ed. 
Washington, D.C.: ASM Press, 2002:71-91.

Hastie TJ, Tibshirani RJ. Generalized 
additive models. London: Chapman & Hall, 
1990.

Melton LJ III, Therneau TM, Larson DR. 
Long-term trends in hip fracture preva-
lence: the influence of hip fracture inci-
dence and survival. Osteoporos Int 1998;
8:68-74.

Melton LJ III. The threat to medical-
records research. N Engl J Med 1997;337:
1466-70.

Kyle RA, Therneau TM, Rajkumar SV, 
Larson DR, Plevak MF, Melton LJ III. 
Long-term follow-up of 241 patients with 
monoclonal gammopathy of undetermined 
significance: the original Mayo Clinic se-
ries 25 years later. Mayo Clin Proc 2004;
79:859-66.

Kyle RA, Gertz MA, Witzig TE, et al. 
Review of 1027 patients with newly diag-
nosed multiple myeloma. Mayo Clin Proc 
2003;78:21-33.
Copyright © 2006 Massachusetts Medical Society.

15.

16.

17.

18.

19.

20.

21.

EARLY JOB ALERT SERVICE AVAILABLE AT THE NEJM CAREERCENTER

Register to receive weekly e-mail messages with the latest job openings 
that match your specialty, as well as preferred geographic region, 

practice setting, call schedule, and more. Visit the NEJM CareerCenter 
at www.nejmjobs.org for more information. 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission. 


