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Monoclonal gammopathy of undetermined significance 
(MGUS) is a premalignant, asymptomatic disorder 

characterized by monoclonal plasma cell proliferation in 
bone marrow with absence of end-organ damage.1 Although 
historically considered a benign condition, patients with 
MGUS have a lifelong risk of multiple myeloma, an incur-
able plasma cell malignancy with a median survival of ap-
proximately 4 to 5 years.2-4  Patients with MGUS are also 
at risk of related disorders, such as light-chain amyloidosis 
and macroglobulinemia. Conditions such as osteoporosis, 
hip fractures, and peripheral neuropathy are also associated 
with MGUS.5

 The rate at which MGUS progresses to multiple myelo-
ma or a related disorder is 1% per year.6,7 The probability of 
progression at 25 years of follow-up is approximately 30%. 
However, after accounting for competing causes of death, 
true life-time probability of progression is lower (11%).8 The 
risk of progression with MGUS does not diminish over time 

Monoclonal gammopathy of undetermined significance (MGUS) is 
a premalignant plasma cell disorder that is associated with a life-
long risk of multiple myeloma. We conducted a systematic review 
of all studies investigating the prevalence and incidence of MGUS 
in the online database PubMed. The review was conducted from 
January 6, 2009, through January 15, 2010. The following MeSH 
search headings were used: monoclonal gammopathy, benign and 
prevalence; monoclonal gammopathy, benign and incidence; para-
proteinemia and prevalence; and paraproteinemia and incidence. 
Articles were limited to those written in English and published 
by January 2009. Fourteen studies that met prespecified criteria 
were included and systematically assessed to identify the most 
accurate prevalence estimates of MGUS based on age, sex, and 
race. On the basis of our systematic review, we estimate that the 
crude prevalence of MGUS in those older than 50 years is 3.2% in 
a predominantly white population. Studies in white and Japanese 
populations demonstrate a clear increase in prevalence with age. 
The prevalence is also affected by sex: 3.7% and 2.9% in white 
men and women, respectively; and 2.8% and 1.6% in Japanese 
men and women, respectively. Additionally, MGUS is significantly 
more prevalent in black people (5.9%-8.4%) than in white people 
(3.0%-3.6%). We conclude that MGUS is a common premalignant 
plasma cell disorder in the general population of those older than 
50 years. The prevalence increases with age and is affected by 
race, sex, family history, immunosuppression, and pesticide expo-
sure. These results are important for counseling, clinical care, and 
the design of clinical studies in high-risk populations.
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Working Group; MGUS = monoclonal gammopathy of undetermined  
significance

and persists even in patients whose condition has remained 
stable for decades.7,9 This fixed risk of progression regard-
less of duration of disease suggests a random 2-hit model of 
progression rather than a cumulative damage accumulation 
model in which the risk of progression would be expected to 
increase with duration of MGUS. The main risk factors for 
progression of clinical MGUS are size and type of serum M 
protein and presence of an abnormal serum free light chain 
ratio.10

 The International Myeloma Working Group (IMWG) has 
established a precise definition of MGUS (Table 1).11,12 This 
definition allows clinicians to diagnose MGUS using rou-
tinely available investigations. Despite uniform diagnostic 
criteria, prevalence and incidence estimates of MGUS vary 
considerably. Because MGUS is the premalignant stage that 
precedes multiple myeloma, accurate studies of the descrip-
tive epidemiology of MGUS are necessary to provide assess-
ments of disease burden. These investigations may elucidate 
etiologies of MGUS and can identify high-risk groups who 
would benefit from screening programs and preventive strat-
egies to reduce mortality from myeloma.
 MGUS is one of the most prevalent premalignant disor-
ders in the world among people aged 50 years or older. The 
high prevalence in the general population has made the in-
cidental diagnosis of MGUS with numerous other diseases 
a common clinical occurrence. In these instances, it is im-
possible to determine if a causal relationship exists with-
out accurate expected rates of MGUS in the given patient 
population. Moreover, accurate estimates of prevalence in 
various risk groups allow us to determine potential etiologic 
factors.
 This article is a systematic review of the published lit-
erature on the prevalence and descriptive epidemiology of 
MGUS. Because of the chronic nature of MGUS, preva-
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lence estimates are most appropriate to assess health bur-
den, and our review will mainly focus on these measures. 
Studies that assess the incidence of MGUS are also high-
lighted because incidence data can provide insight into risk 
factors and etiologies of disease. We address the influence  
of methodological factors on prevalence estimates of MGUS, 
including estimates of MGUS by age, sex, and race. Finally, 
we summarize potential associations between the prevalence 
and incidence of MGUS and immune status, family history, 
and occupational/environmental risk factors.

METHOdS

Data SourceS anD SearcheS

This review was conducted from January 6, 2009, through 
January 15, 2010. A systematic literature search of PubMed 
was completed to identify all studies investigating the 
prevalence and incidence of MGUS. The following MeSH 
search headings were used: monoclonal gammopathy, be-
nign and prevalence; monoclonal gammopathy, benign and 
incidence; paraproteinemia and prevalence; and parapro-
teinemia and incidence. Articles were limited to those writ-
ten in English and published by January 2009.

StuDy Selection

Abstracts and available full texts of articles resulting from 
the MeSH search were reviewed manually by one investiga-
tor (R.K.W.) to determine which articles met the inclusion 
criteria listed in Table 2. This process was then repeated to 
verify results. The preliminary search yielded 460 articles, 
14 of which met the inclusion criteria for this review.

 Additionally, a separate literature search was carried 
out to explore associations between the prevalence or inci-
dence of MGUS and the following: immune status, family 
history of monoclonal gammopathies, and occupational or 
environmental risk factors. These studies were included in 
this review to emphasize the multiple factors that can influ-
ence the prevalence of MGUS.

Data extraction, SyntheSiS, anD Quality aSSeSSment

One investigator (R.K.W.) extracted information pertain-
ing to the characteristics of each study population, types 
of screening or diagnostic tests used, and prevalence or 
incidence estimates of MGUS. Extracted information 
and data were then rereviewed. First, all 14 studies were 
verified to ensure that MGUS was defined using either 
the IMWG criteria11,12 or the standard definition of MGUS 
used in clinical practice and in the most recent large epi-
demiological studies that assessed the natural history 
and prevalence of MGUS.7,13 The latter definition differs 
from the IMWG criteria in that a bone marrow biopsy  
is considered an optional component of the definition. 
Few studies of MGUS meet the IMWG criteria of MGUS 
because it is not practical to incorporate routine bone 
marrow biopsies in normal, asymptomatic individuals in 
large-scale studies. Next, we assessed the quality of each 
study to address the key questions of this review. For the 
key question of crude overall prevalence of MGUS in the 
adult population, we extracted data from all studies that 
captured prevalence estimates, but at the data synthesis 
stage preference was given to studies that were popula-
tion-based, used modern electrophoretic methods, or pro-
vided data on patients aged 40 years or older, which is the 
target population of interest clinically. Prevalence esti-
mates from studies restricted to a specific racial or ethnic 
group and from those that lacked a lower age limit were 
also extracted but were not considered relevant for this 
key question in the data synthesis stage. To address key 
questions pertaining to prevalence of MGUS by age and 
sex, only studies that reported a breakdown of prevalence 

TABle 1. Comparison of the International Myeloma Working Group’s diagnostic Criteria for MGUS and Multiple Myeloma
 
  MGUS Multiple myeloma

M protein Level of M protein in serum <30 g/L with expression of  M protein found in serum and/or urine except in patients
   intact immunoglobulin (eg, IgG, IgA, or IgM)  with true nonsecretory myeloma

Bone marrow Clonal plasma cells <10% (if done) Clonal plasma cells ≥10% or presence of plasmacytomas
  No evidence of other B-cell proliferative disorders

Clinical picture No end-organ damage consisting of anemia, hyper- End-organ damage consisting of anemia, hypercalcemia,  
   calcemia, renal failure, or bone lesions that can be  renal failure, or bone lesions considered attributable to
   attributed to the underlying clonal plasma cell disorder  the underlying clonal plasma cell disorder

Criteria were initially proposed by the International Myeloma Working Group in 200311 and were updated in 2009.12 MGUS = monoclonal 
gammopathy of undetermined significance. 
Adapted from Leukemia,12 with permission.    

TABle 2. Literature Search Inclusion Criteria

The study assesses the prevalence or incidence of MGUS
The study is based on a sample size of >500 people
MGUS is defined by the detection of an M protein level <30 g/L AND  
 1 of the following: 
  No evidence of end-organ damage
  No evidence of other B-cell proliferative disorders

MGUS = monoclonal gammopathy of undetermined significance.



prevalence of MGUS

Mayo Clin Proc.    •    October 2010;85(10):933-942    •    doi:10.4065/mcp.2010.0337    •    www.mayoclinicproceedings.com 935

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

by these features were included. For these questions, we 
excluded studies that were hospital-based, did not use 
modern electrophoretic methods, and intentionally over- 
sampled for certain ethnic groups. For sex-specific rates, 
we excluded studies in which the rate for adults aged 40 
years or older could not be computed from the data in 
the relevant articles. For key questions pertaining to race- 
and ethnicity-based prevalence estimates, the same cri-
teria were used with the exception that studies that over-

sampled for certain racial groups were included, provided 
that data pertaining to that specific racial group could be 
extracted from the article.

RESULTS

Of the 14 studies pertaining to the epidemiology of MGUS 
(Table 3), 11 (79%)  included prevalence measures (Table 4). 
Of these, 6 (55%) were population-based, 3 (27%) were stud-

TABle 3. Overview of Studies of the descriptive Epidemiology of MGUS

     Length      Tests used to screen Age Sample
  Reference   Site  of study   Type   Sampling strategy   M protein (y) size

Aguzzi et al,14 Provincial hospital,    3 y Cross-sectional Sample of hospital Cellulose acetate ≥21  35,005
 1992  Northern Italy   (hospital series)  inpatients and outpatients  electrophoresis
         Immunofixation
Anagnostopoulos  University of 2.2 y Cross-sectional Sample of consecutive Agarose gel ≥50 1564
 et al,15 2002  Athens School of    (hospital series)  patients (≥50 y) hospital-  electrophoresis
   Medicine, Greece     ized for various reasons Immunofixation (and
          bone marrow smear)
Axelsson et al,16 4 parishes, Southern      3 mo Population-based Sample of all persons Paper electrophoresis, ≥25 6995 
 1966  Sweden   aged ≥25 y   Immunoelectrophoresis  (and bone marrow
      residing in    smear)   
      4 parishes   
Carrell et al,17 Rangiora, New NA Population-based Sample of persons aged Cellulose acetate ≥21 2192
 1971  Zealand     ≥21 y residing in  electrophoresis (and
        Rangiora, New Zealand  bone marrow smear)
Cohen et al,18 North Carolina (1 NA  Population-based Stratified random Agarose gel  ≥70 1732
 1998  urban and 4 rural     sampling by household  electrophoresis
   counties), USA      Immunofixation
Iwanaga et al,19 Local hospital, 15.5 y Retrospective Sample of Japanese Cellulose acetate ≥42 52,781
 2007  Nagasaki City,     study of data-   atomic bomb survivors  electrophoresis
   Japan   base of atomic  visiting local hospital Immunoelectrophoresis 
      bomb survivors    (and bone marrow
          smear)
Kyle et al,20  Northern Minnesota,     <1 mo Population-based Survey of all persons aged Cellulose acetate ≥50 1200
 1972  USA     ≥50 y residing in Thief   electrophoresis
        River Falls Immunoelectrophoresis 
          (and bone marrow
          smear) 
Kyle et al,13 Minnesota, USA   6 y Population-based Sample of persons aged Agarose gel  ≥50 21,463
 2006       ≥50 y residing in  electrophoresis and
        Olmsted County  immunofixation
Landgren et al,21 142 VA hospitals 16 y Retrospective All white and African NA ≥18 3,997,815
 2006     study of   American male veterans
      inpatient  with 1 hospital 
      hospitalization  admission
      records  
Landgren et al,22 Greater Accra   2 y Population-based Stratified random sampling Agarose gel ≥50 917 
 2007  Region, Ghana      by household of men   electrophoresis and
        in Ghana  immunofixation
Malacrida et al,23 Hospital, Ospedale 10 y Cross-sectional Sample of patients admitted Cellulose acetate NA 102,000 
 1987  di Busto Arsizio   (hospital series)  to general hospital  electrophoresis   
         Immunoelectrophoresis 
Neriishi et al,24 Hospital, Japan 16 y Hospital cohort Sample of atomic bomb Cellulose acetate ≤45 to ≥85 6737
 2003     study  survivors undergoing  electrophoresis
        general medical examina- Immunoelectrophoresis
        tions at hospital  
Ogmundsdottir  Iceland 22 y Retrospective Analysis of population- Cellulose acetate 20-104 Popula- 
 et al,25 2002     cohort study  based registry in  electrophoresis  tion of
 Iceland       Iceland  and agarose gel  Iceland 
          electrophoresis
Ong et al,26 15 hospitals,   3 y Retrospective Analysis of population- NA 17-103 NA
 1997  The Netherlands   cohort study  based registry in the    
        Netherlands

MGUS = monoclonal gammopathy of undetermined significance; NA = not available; VA = Department of Veteran Affairs.  
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ies of hospital populations, and 2 (18%) were retrospective. 
The remaining 3 studies, 2 of which were retrospective, regis-
try-based studies and one of which was a hospital series study, 
provided estimates of the incidence of MGUS (Table 5). 

Prevalence of mGuS
The prevalence measures of MGUS from 11 different stud-
ies ranged from 0.05% to 6.1% (Table 4). The demographic 
composition (in terms of age, race, and sex) of the study 
cohorts varied by study. Of the studies reviewed, Cohen et 
al18 in the United States reported the highest prevalence of 
MGUS (6.1%). In Greece, Anagnostopoulos et al15 reported 
the next highest prevalence value (4.0%) in a cohort of ap-
proximately 1600 consecutive hospital patients. The third 
and fourth highest prevalence estimates of MGUS were re-
ported in population-based studies by Landgren et al22 and 
Kyle et al.13 Of interest is the fact that all 3 studies used the 
most sensitive methods available to detect M protein (initial 

agarose gel electrophoresis and immunofixation for those 
with abnormal findings on electrophoresis). Additionally, 
the populations assessed in all 3 studies were at least 50 
years of age. In contrast, Malacrida et al,23 Carrell et al,17 and 
Landgren et al21 reported the 3 lowest prevalence estimates 
of MGUS (0.3%, 0.3%, and 0.05%, respectively). All 3 stud-
ies included young participants in their analysis. Addition-
ally, cellulose acetate, a less sensitive test for M protein, was 
used by Malacrida et al23 and Carrell et al.17 Finally, in Italy, 
Aguzzi et al14 used a hospital cohort of 35,005 individuals to 
estimate the prevalence of MGUS.
 Only 5 studies used all criteria established by IMWG (in-
cluding bone marrow biopsy) to diagnose MGUS in their 
respective study populations. Carrell et al17 evaluated 82% 
of the adult population in Rangiora, New Zealand, and diag-
nosed 0.3% of study participants as having MGUS using all 
criteria. In southern Sweden, Axelsson et al16 sampled 70% 
of all persons older then 25 years living in 4 parishes. Only 

TABle 4. Prevalence of MGUS diagnoses  
       
          Overall    
        No. of Sample prevalence
   Reference  Diagnostic criteria MGUS cases size (95% CI) Notes
     
Aguzzi et al,14 M protein <30 g/L 1015 35,005 2.9 
 1992 No evidence of B-cell
    lymphoproliferative 
    disorder  
Anagnostopoulos  M protein <30 g/L 60 1564 4.0
 et al,15 2002 Bone marrow <10%
   No end-organ damage

Axelsson et al,16 M protein <30 g/L 64 6995 0.9 2 patients diagnosed as having MGUS
 1966 Bone marrow smear     despite >10% clonal plasma cells in bone  
   No end-organ damage     marrow

Carrell et al,17 M protein <30 g/L 7 2192 0.3
 1971 Bone marrow <10%
   No end-organ damage

Cohen et al,18 M protein <30 g/L 106 1732 6.1 Black people were oversampled
 1998 No end-organ damage    1 patient diagnosed as having MGUS had M protein
         >30 g/L

Iwanaga et al,19 M protein <30 g/L 1088 52,781 2.1 Sampled population were atomic bomb survivors
 2007 Bone marrow <10%   (1.9-2.2)  
   No end-organ damage

Kyle et al,20 M protein <30 g/L 15 1200 1.3 45% of all individuals aged >50 y residing in the city
 1972 Bone marrow <10%     participated
   No end-organ damage

Kyle et al,13 M protein <30 g/L 694 21,643 3.2 Predominantly white study population
 2006 No end-organ damage   (3.0-3.5)

Landgren et al,21 M protein <30 g/L 2046 3,997,815 .05
 2006 No end-organ damage

Landgren et al,22 M protein <30 g/L 54 917 5.9 Only Ghanaian males included
 2007 No end-organ damage   (4.4-7.4)

Malacrida et al,23 M protein <30 g/L 261 102,000 0.3 15 patients diagnosed as having MGUS despite >10%
 1987 No end-organ damage     clonal plasma cells in bone marrow 
        4 patients diagnosed as having MGUS had M protein 
         >30 g/L

CI = confidence interval; MGUS = monoclonal gammopathy of undetermined significance.
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0.9% of the study population was found to have MGUS. 
Kyle et al20 surveyed those older than 50 years in one town 
and reported the prevalence of MGUS to be 1.3%. In addi-
tion to these studies, the aforementioned work by Anagnos-
topoulos et al15 and a large-scale study by Iwanaga et al19 
also adhered to IMWG diagnostic criteria.
 Two studies assessed the prevalence of MGUS in spe-
cific races. In a population-based study of Ghanaian men, 
Landgren et al22 found the prevalence of MGUS to be 5.9%. 
Iwanaga et al19 evaluated 52,802 Japanese atomic bomb sur-
vivors for MGUS and reported a prevalence of 2.1%.

inciDence

Data in the studies to determine accurate incidence rates for 
MGUS are limited. Incidence rates for MGUS ranged from 
9 to 164 per 100,000 person-years in 3 studies (Table 5).  
The highest incidence rate was reported in a study of approx-
imately 7000 atomic bomb survivors in Japan. Significantly 
lower incidence rates were found in retrospective registry-
based studies by Ogmundsdóttir et al25 and Ong et al.26

aGe

Six studies each reported prevalence data across several 
age groups (Figure 1). The largest of these studies by Kyle 
et al13 found the prevalence of MGUS to be 4-fold higher 
in those older than 80 years (6.6%) compared with those 
aged 50 to 59 years (1.7%) in a sample of approximately 
22,000 people. The remaining 5 prevalence studies were 
not included in this figure either because they did not as-
sess prevalence across differing age groups or because they 
were hospital-based investigations.

Sex

The prevalence of MGUS has been reported to be as much 
as 2-fold higher in males than in females.27 Figure 2 depicts 
5 studies that contrasted the prevalence of MGUS between 
males and females. All studies included in this review con-
sistently reported an increased prevalence of MGUS in 
males compared with females. The ratio of males affected by 
MGUS to females affected within each study ranged from 
1.3 to 1.8.

TABle 5. Incidence of MGUSa

   Incidence 
 Reference Diagnostic criteria (per 100,000 person-years) Notes
   
Neriishi et al,24 M protein <30 g/L  164  Sampled atomic bomb survivors
 2003 Bone marrow <10%   Age distribution not available
  No end-organ damage

Ogmundsdóttir M protein <30 g/L  Male: 11 Age distribution not available
 et al,25 2002b No end-organ damage      Female: 9 

Ong et al,26 M protein  31 Bone marrow biopsy not done for all patients
 1997 No end-organ damage   Some patients diagnosed as having MGUS  
  Bone marrow <10%    had M protein >30 g/L
       Age distribution not available

a MGUS = monoclonal gammopathy of undetermined significance.
b Age standardized (world standard). 

FIguRe 1. Prevalence of monoclonal gammopathy of undetermined significance by age. (This illustration is in color online only.)
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race

Figure 3 highlights apparent race-based differences in the 
prevalence of MGUS in blacks and whites. A community-
based study of the elderly conducted by Cohen et al18 noted 
that prevalence of MGUS among blacks was approxi-
mately 2-fold higher than among whites. Landgren et al21 
confirmed this finding in a large-scale study of inpatients 
from US Veterans Affairs hospitals, in which the frequency 
of MGUS was 3-fold higher in blacks than whites. This 
study also found no difference in rate of transformation 
to myeloma in blacks compared with whites, suggesting 
that the increased risk of myeloma in blacks was solely 
due to the increased prevalence of the precursor condition 
MGUS. Investigations that assess incidence of myeloma 
in African whites would aid in further delineating factors 
that influence risk of progression. Another large, popula-
tion-based screening study by Landgren et al22 in Ghana 
found that the prevalence of MGUS in Ghanaian men was 

twice that of  the white population in Minnesota. The stud-
ies by Landgren et al21,22 identified a similar prevalence of 
MGUS in Americans of African origin and in black Afri-
can patients, suggesting that the increased risk of MGUS in 
African Americans may be based on racial predisposition 
rather than dietary or other environmental influences.
 The prevalence of MGUS in other racial/ethnic groups 
has not been well studied. There are limited data that the 
prevalence of MGUS is lower in the Japanese than in 
whites28 and that the prevalence in the admixed Mexican 
population is one quarter of that in white Americans.29 

immune StatuS

An increased incidence of MGUS is documented in im-
munosuppressed and/or immunocompromised patients. An 
association  between MGUS and human immunodeficiency 
virus (HIV)–seropositive (immunocompromised) patients 
has been reported, but this association has not been well 

FIguRe 3. Prevalence of monoclonal gammopathy of undetermined significance in nonblack 
vs black races. (This illustration is in color online only.)

.

FIguRe 2. Prevalence of monoclonal gammopathy of undetermined significance in males vs females. (This illustration 
is in color online only.)
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defined. Patients infected by HIV have a risk of MGUS 
that ranges from 9% to 45%, substantially higher than that 
of HIV-seronegative patients of the same age.30-35 Several 
studies also suggest that monoclonal gammopathy occurs 
at a younger age in those infected with HIV than in the 
general population.30,32,36,37  The incidence of MGUS is also 
higher in patients receiving forms of immunosuppressive 
therapy. For example, the incidence of MGUS is signifi-
cantly greater in patients after renal transplant.38

occuPational anD environmental riSk factorS

Evidence pertaining to the influence of environmental 
factors on risk of MGUS has been inconsistent overall. 
However, a higher risk of MGUS has been demonstrated 
in farmers, industry workers, and those with a history of 
occupational or environmental exposure to toxins.39 Oc-
cupational exposure to asbestos, aromatic hydrocarbons, 
fertilizers, mineral oils and petroleum, paints and related 
products, pesticides, and radiation is also significantly as-
sociated with an increased risk of MGUS.40,41 A link also 
exists between heavy tobacco smoking and various hema-
tologic conditions, including MGUS.42,43

familial cluSterinG

Several small-scale reports suggest that, in some cases,  
familial predisposition to MGUS may be increased.44,45 
Familial aggregation of multiple myeloma, the malignant 
stage that follows MGUS, has been recognized for years.46 
Recently, a large population-based study in Sweden dem-
onstrated a 2-fold increased risk of multiple myeloma 
among first-degree relatives of patients with multiple 
myeloma.47 In the same study, there was evidence of an 
increased risk of MGUS among relatives of patients with 
multiple myeloma. Furthermore, a prospective study found 
that the relative risk of MGUS in first-degree relatives of 
an MGUS proband was 3-fold higher than in the general 
population.48

Data SyntheSiS anD Summary of the eviDence

 Crude Prevalence. The studies assessed (Table 3) 
provide a wide range of prevalence estimates of MGUS 
(0.05%-6.1%). This variation among studies is most likely 
due to differences in the age, sex, and racial distribution 
of study participants as well as study design, laboratory 
techniques used, and diagnostic criteria. It is difficult to 
compare crude prevalence estimates between these stud-
ies because of dissimilarities related to the aforementioned 
factors. In order to determine the benchmark reference 
rate for crude prevalence of MGUS, we excluded hospital-
based studies, those that did not use modern electropho-
retic methods, those that tested only specific ethnic groups 
or oversampled for certain ethnic groups, and those that 

included young patients (aged <40 years). Only one of the 
11 studies satisfied all of the above criteria (Kyle et al13). 
Therefore, using the population-based study of a predomi-
nantly white population by Kyle et al,13 the crude preva-
lence rate in those older than 50 years can be narrowed 
down to 3.2% of the general population. This estimate is 
affected by many factors, such as age, race, sex, and family 
history (a discussion of these follows), and can therefore be 
refined further if such information is available.
 Prevalence of MGUS by Age and by Race/Ethnic-
ity. The studies reviewed demonstrate unequivocally 
that the prevalence of MGUS consistently increases with 
age.13,16-19,22 The median age of diagnosis is 70 years, and 
less than 2% of patients with MGUS are younger than 40 
years.13 Six of the investigations included in this review pro-
vided age-stratified breakdowns of prevalence (Figure 1). Of 
these, we excluded hospital-based studies, those that did not 
use modern electrophoretic methods, and those that inten-
tionally oversampled for certain ethnic groups in order to 
determine the age-specific prevalence rate for MGUS.
 Three investigations were conducted independently in 
Sweden,16 New Zealand,17 and the United States13 in primar-
ily white populations. Only the study in the United States 
used modern electrophoretic methods. Based on this study, 
Table 6 provides age-specific estimates of MGUS prevalence 
that likely reflect the actual prevalence of MGUS in predom-
inantly white populations because this was a population-
based study in a geographic area with a very low percentage 
of nonwhites. Anagnostopoulos et al15 demonstrated an age-
related increase in prevalence of MGUS, but this study was 
a cross-sectional hospital series in design. Consequently, 
although the age gradient may be accurate, actual age-spe-

TABle 6. Summary of Prevalence Estimates by Age, Sex, and 
Race From Reviewed Investigations That Met Inclusion Criteriaa 

  
  Predominantly
  white
  population Blacksb Japanesec

  (%) (%) (%)   References
    
Age (y)    13, 19, 22
 42-49 NA NA 1.0 
 50-59 1.7 5.5 1.9   
 60-69 3.0 6.6 2.6   
 70-79 4.6  5.0d 3.0  
 >80 6.6 NA 4.4 
Sex     13, 19
 Male 3.7 NA 2.8 
 Female 2.9 NA 1.6 
Racee 3.0-3.6 5.9-8.4 NA 18, 22
 
a NA = not available.
b Age-stratified rates are based on data of black men from Ghana.
c Japanese study did not meet all inclusion criteria but is included for infor-

mative purposes because data regarding this population are limited.
d Includes only those aged 70-74 y.
e Includes studies that specifically compared prevalence of monoclonal 

gammopathy of undetermined significance between 2 racial groups.
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cific prevalence estimates for each age group are probably 
inflated because participants were derived from a pool of 
generally less healthy persons and are not representative 
of the general population. Thus, this study was not used in 
Table 6 for age-related prevalence estimates.
 There is a striking disparity in the prevalence of MGUS 
between blacks and whites.18 Table 6 also provides age-
specific estimates of prevalence in Ghanaian males.22 The 
Ghanaian study used stratified random sampling to de-
termine prevalence in an entirely black male population. 
Because this study was population-based and used modern 
electrophoretic methods, the estimates probably reflect the  
actual prevalence of MGUS in specific age groups in adult 
black men from western Africa.
 The study in Japanese adults19 used the older cellulose 
actetate method and therefore does not meet the criteria re-
quired to be used for calculation of age-specific rates. How-
ever, this study is included in Table 6 because it provides 
age-stratified prevalence estimates of MGUS in a racial 
group for which no other data exist. This study investigated 
approximately 53,000 atomic bomb survivors; consequently, 
the estimates provided in this study for those of Japanese an-
cestry may be overestimated due to the link between radia-
tion exposure and risk of MGUS. Furthermore, prevalence 
could be underestimated because an older, less sensitive 
electrophoretic method was used in this investigation.40,41

 Table 6 also includes data from investigations that com-
pared the prevalence of MGUS in different racial groups 
and met the criteria previously specified in the Methods 
section.18,22

 Effect of Sex and Sex-Specific Prevalence Rates. 
The prevalence of MGUS differs significantly between 
men and women. Five studies characterized the preva-
lence of MGUS in males and females (Figure 2). Despite 
diminished comparability of male and female prevalence 
estimates between these investigations, a higher preva-
lence of MGUS is seen in men compared with wom-
en in each of the 6 respective studies. On average, the 
prevalence of MGUS is 1.5 times higher in men than in 
women.13,15,16,18,20,21,39,49 Differences in age composition 
of cohorts between studies influence sex-specific preva-
lence estimates because the condition is very rare in those 
younger than 40 years. For example, the population-based 
study by Axelsson et al16 reported a prevalence of 1.1% in 
men and 0.8% in women aged 25 to 99 years. In con-
trast, investigations that only included older patients (>50 
years) reported much higher prevalence estimates in men 
and women.13,15,18,19

 Of the 5 studies that characterized sex-specific preva-
lence rates in this review, only one that was conducted in 
the United States13 met the criteria to determine the sex-
specific prevalence of MGUS (Table 6). These data likely 

reflect the actual prevalence of MGUS by sex in predomi-
nantly white populations because this study, as noted ear-
lier, was in a geographic area with a very low percentage of 
nonwhites.
 The other study we include in Table 6 for information 
provides sex-specific prevalence rates in Japan.19 The cave-
ats pertaining to the inclusion of this study in Table 6 have 
already been discussed.
 Other Factors Influencing Prevalence. On the basis 
of our supplementary literature review of the evidence, 
immune status, occupational and environmental risk fac-
tors, and hereditary factors influence the risk of developing 
MGUS. MGUS occurs more frequently in those who are 
immunocompromised, such as patients who are infected 
with HIV or who have undergone a transplant.30,31,33,35,38 
Exposure to toxins, including asbestos, fertilizers, and pes-
ticides, appears to increase the likelihood of developing 
MGUS.40,41 Finally, first-degree relatives of those affected 
by MGUS are at a 3-fold higher risk of having the disease, 
raising the possibility of shared genetic or environmental 
factors.48

dISCUSSIOn

MGUS falls under an overarching group of plasma cell 
disorders known as monoclonal gammopathies (or para-
proteinemias). This broad category of conditions includes 
MGUS, multiple myeloma, Waldenström macroglobu-
linemia, and primary amyloidosis.50 To date, this is the 
first systematic review of the descriptive epidemiology of 
MGUS.
 The true frequency of MGUS can most accurately be 
determined through population-based studies that test per-
sons in a geographically defined area during a specified pe-
riod. Unfortunately, large studies of this type pertaining to 
MGUS have been uncommon. Most epidemiological stud-
ies of MGUS acquire data from inpatient clinics, outpatient 
clinics, population registries, and the general population. 
Thus, these studies use diverse methods of case ascertain-
ment to estimate the prevalence and incidence of MGUS. 
Even in population-based studies, given the age-, sex-, and 
race-based distinctions in the occurrence of MGUS, preva-
lence estimates can only be generalized to populations 
sharing similar demographic characteristics. For example, 
the population-based study by Kyle et al13 offers prevalence 
estimates for those older than 50 years. Because MGUS is 
rare in young people, this study captures the risk of MGUS 
within the age demographic most likely to be affected by 
MGUS (>50 years).
 For the best estimates of prevalence, we favor popula-
tion-based screening studies (all participants from a gen-
eral population or participants selected by stratified ran-
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dom sampling) in which all participants have an equal op-
portunity of being screened.13,16-18,20,22 On the basis of the 
most recent estimates,13 we conclude that the prevalence 
of MGUS estimated using serum protein electrophoresis 
as the initial screening test in persons older than 50 years 
is 3% to 4% and that the overall risk of MGUS in blacks 
from a similar age group is approximately twice as high. If 
serum immunofixation and free light chain assay are used 
as initial screening tests, the rates will likely be higher be-
cause of the higher sensitivity of these tests compared with 
electrophoresis.
 We encountered several important limitations. Although 
uniform, established criteria to identify MGUS exist, diver-
gent laboratory methods have made it difficult to ascertain 
the true prevalence of MGUS. Initially, serum M protein 
was estimated by electrophoretic methods. Over time, 
electrophoretic techniques have improved, and tests such 
as protein immunofixation and the serum free light chain 
assay have greatly increased the sensitivity of detecting M 
proteins in the serum.25 The differences in sensitivities of 
laboratory tests used to identify M protein may influence 
studies’ estimates of the prevalence of MGUS.13 Further-
more, the second diagnostic criterion of MGUS requires 
the proportion of clonal plasma cells to be less than 10% 
in bone marrow. However, a number of studies establish a 
diagnosis of MGUS solely on the basis of an M protein less 
than 30 g/L (and no end-organ damage) without perform-
ing a bone marrow biopsy to verify that the clonal plasma 
cell proliferation is indeed less than 10%. This is attributed 
to the cost and inconvenience to the patient of the proce-
dure. Additionally, the detection of greater than 10% of 
clonal plasma cells in bone marrow is rare when levels of 
M proteins are low (<30 g/L).11

 A number of criteria aid in characterizing the external 
validity of prevalence estimates of MGUS included in this 
review. In particular, study design can influence epidemio-
logical estimates. The investigations conducted by Aguzzi 
et al14 and Malacrida et al23 in Italy and Landgren et al21 
in the United States all used large sample sizes (ranging 
from 35,000 to approximately 4,000,000) to determine 
the prevalence of MGUS. However, these studies assessed 
prevalence in hospital cohorts. Consequently, these esti-
mates cannot be extrapolated to the general population be-
cause they were based on a pool of generally less healthy 
individuals. Furthermore, in one instance, MGUS cases 
were identified through the discharge diagnosis, rather 
than screening, which likely led to underascertainment of 
MGUS cases.21

 The findings of this study raise several important mech-
anistic questions that need further research. First, although 
the data are convincing for the effect of age on prevalence 
of MGUS, the underlying mechanisms are poorly under-

stood. The increase in prevalence with age suggests that the 
occurrence of monoclonal gammopathies may reflect loss 
of control of limited response to antigenic stimulation with 
age and may involve age-related loss of immune surveil-
lance measures. This is supported by the fact that immuno-
suppression related to drug therapy or disease (ie, HIV in-
fection) also increases the risk of MGUS. Second, it is still 
unclear from a pathogenesis standpoint why men appear to 
be at a higher risk for developing MGUS. Third, the basis 
for racial disparities in prevalence of MGUS is unclear. It is 
likely that this increased risk is secondary to the increased 
prevalence of premalignant MGUS  in blacks rather than to 
an increased rate of transformation of MGUS to myeloma. 
The finding that the increased prevalence extends to blacks 
in Africa suggests that genetic factors may underlie these 
racial differences.22 However, no mechanistic studies have 
addressed the reasons for the racial disparities in the occur-
rence of MGUS.

COnCLUSIOn

MGUS is one of the most common premalignant disorders 
in the general population. It is clear that epidemiological 
investigations will aid in the identification of groups at 
a high risk of MGUS and thus at a high risk of the sub-
sequent development of multiple myeloma. Such insight 
will be beneficial for early screening and intervention in 
high-risk demographics. Future epidemiological investiga-
tions must standardize the criteria used for the diagnosis 
of MGUS, establish universal methods to evaluate these 
criteria, and be population-based to ensure that prevalence 
estimates of MGUS are accurate and can be generalized to 
specific populations. Studies should also pursue etiologic 
research avenues highlighted by these prevalence studies 
by exploring mechanisms underlying differences in preva-
lence by age, sex, race, degree of immunosuppression, oc-
cupational exposure, and family history.

We extend our gratitude to Victoria A. Dickens, MA, Wael Salem, 
MPhil, and Fima Macheret, BS, for their thoughtful insight.
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