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OBJECTIVES: To determine the prevalence of monoclonal
gammopathy of undetermined significance (MGUS), a precursor of
multiple myeloma (MM), in Ghanaian men vs white men and to
test for evidence to support an underlying race-related predisposi-
tion of the 2-fold higher prevalence of MGUS in African Americans
vs whites.

PARTICIPANTS AND METHODS: Between September 1, 2004, and
September 30, 2006, 917 men (50-74 years) underwent in-person
interviews and physical examinations. Serum samples from all
participants were analyzed by electrophoresis performed on agar-
ose gel; any serum sample with a discrete or localized band was
subjected to immunofixation. Age-adjusted and standardized (to
the 2000 world population) prevalence estimates of MGUS and
95% confidence intervals (Cls) were computed in the Ghanaian
men and compared with MGUS prevalence in 7996 white men
from Minnesota. Associations between selected characteristics
and MGUS prevalence were assessed by the Fisher exact test and
logistic regression models.

RESULTS: Of the 917 study participants, 54 were found to have
MGUS, yielding an age-adjusted prevalence of 5.84 (95% Cl, 4.27-
7.40) per 100 persons. No significant variation was found by age
group, ethnicity, education status, or prior infectious diseases.
The concentration of monoclonal immunoglobulin was undetect-
able in 41 (76%) of the 54 MGUS cases, less than 1 g/dL in 10
patients (19%), and 1 g/dL or more in only 3 patients (6%).
Compared with white men, the age-adjusted prevalence of MGUS
was 1.97-fold (95% CI, 1.94-2.00) higher in Ghanaian men.

CONCLUSION: The prevalence of MGUS in Ghanaian men was
twice that in white men, supporting the hypothesis that race-
related genetic susceptibility could explain the higher rates of
MGUS in black populations. An improved understanding of MGUS
and MM pathophysiology would facilitate the development of
strategies to prevent progression of MGUS to MM.
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Cl = confidence interval; MGUS = monoclonal gammopathy of undeter-

monoclonal plasma cells; ah@% orfewer plasma cells in
the bone marrow. It progresses to MM at a rate of 1% per
year?

Although most hematopoietic neoplasms are more
prevalent in whites, the age-adjusted incidence of MM is 2-
fold higher in African Americans than in whitéShis
increased incidence in African Americans could be due to 2
factors: increased prevalence of MGUS or an increased risk
of progression of MGUS to MM. In a
study based on data from the US De+q; editorial
partment of Veterans Affairs hospital comment
network, we found the cumulative see page 1457
risk of MM during the first 10 years o
follow-up to be similar P=.37) for 734 African American
veterans with MGUS (17%) and 1312 white veterans with
MGUS (15%), suggesting that the excess risk of MM in
African Americans results from an increased risk of MGUS
rather than an increased risk of progression from MGUS to
MM.® Indeed, the standardized prevalence of MGUS was
3.0-fold (95% confidence interval [CI], 2.7-3.3) higher in
African American than in white veterans.

To elucidate whether the increased risk of MGUS in
African Americans is due to inherent race-related genetic
susceptibility or, alternatively, to differences in environ-
mental factors between African Americans and whites in
the United States, we wanted to study MGUS among West
Africans because they share similar genetic ancestry with
African Americans. To our knowledge, ours is the first

mined significance; MM = multiple myeloma

M ultiple myeloma (MM), which is characterized by

an overproduction of monoclonal immunoglobuling
remains an incurable clonal neoplasm of differentiated
cells (plasma cells). The median survival for patients wi
MM is 3 to 4 yeard.Usually, MM is preceded by the pre-
malignant plasma cell disorder monoclonal gammopathy
undeterminedignificance (MGUS), which is defined by g
serum monoclonal immunoglobulin concentratbB g/dL
or less; the absence of yione lesions, anemia, hypercalce

mia, and renal insufficienaglated to the proliferation of
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MGUS IN GHANAIAN MEN

population-based study of MGUS in Africa. The aims of INTERVIEW oF PARTICIPANTS AND COLLECTION OF
the study were to estimate the age-specific prevalence oBioLocicAL SAMPLES
MGUS in Ghana and to compare it with the prevalence of Consenting participants were brought to the Korle-Bu Hos-
MGUS in more than 20,000 predominantly white people pital for interview and physical examination. Using a struc-
50 years or older in Olmsted County, MN (4.0% for men, tured questionnaire, trained interviewers elicited informa-
2.7% for women}.In addition, we defined characteristics tion in person from all study participants regarding risk
of MGUS among Ghanaian men. factors, including smoking, use of alcohol, body size, fam-
ily history of cancer, and medical history, as well as screen-
ing practices and use of the medical care system. A 20-mL
blood specimen was collected from all participants after
STuDY PARTICIPANTS they fasted overnight. Collected blood was brought to the
Informed consent was obtained from all study participants, central laboratory within 2 hours of collection for process-
and the study sample collection was approved by the insti-ing and then stored at <1 at the Korle-Bu Hospital.
tutional review boards of the National Cancer Institute and Subsequently, specimens were shipped on dry ice by ex-
the University of Ghana. press mail to the National Cancer Institute repository in
To enroll a population-based probability sample into the Frederick, MD, for long-term storage.
study, we used (in collaboration with the Ghana Census
Bureau) the 2000 Ghana Population and Housing Census.ABorATORY TESTS
data to construct a sampling frame of men aged 50 to 74All serum samples were idgeally processed an@dnalyzed
years in the Greater Accra Region (population of approxi- in the same laboratory (Protein Immunology Laboratory,
mately 3 million). We estimated that 7500 households Mayo Clinic, Rochester, MN) as those obtained from Olm-
would need to be sampled to identify approximately 1000 sted County residents for the population-based study of
eligible men for the study. To achieve this, probability MGUS® with which the rates of MGUS in Ghanaian men
samples were selected in 3 consecutive stages from wellwere to be compared. The samplese thawed and ana-
defined geographic boundaries in Accra, households in thelyzed on average 1.5 years (range, 1.0-2.5 years) after blood
enumeration areas, and men aged 50 to 70 years living ircollection. Electrophoresis was performed on an agarose gel
the household. At the first stage of sampling, 300 enumera{REP; Helena Laboratories, Beaumont, TX). The agarose
tion areas were selected randomly with probability propor- stripwas inspected by a technician and by 2 of the authors
tional to size; size was determined by the number of house{J.A.K. and R.A.K.). Any serum sample that was thought to
holds in each enumeration area. At the second stage, &ave a discrete or localized band was subjéotedmuno-
listing of households in each enumeration area was pro-fixation (Hydrasys and Hydragel; Sebia, Lisses, Frahce).
duced by the Ghana Census Bureau and 25 household¥he definition of MGUS used in our study, derived from a
were selected randomly from each enumeration area toprevious definition, was identical to that used in the study of
produce a total of 7500 households from the Greater Accrathe prevalence of MGUS in Olmsted County resid&fits.
Region. The third stage involved door-to-door visits to the
7500 selected households to enumerate all members of th&TaTisTicAL ANALYSES
household and identify eligible men for the study. The Age-specific prevalence rates for Ghana and Olmsted
respondent for the survey was selected from the eligibleCounty data were calculated by dividing the number of
men (aged 50-74 years) of the household; when there waparticipantsvith MGUS in each age stratum by the number
more than one eligible respondent, the one with the earliesof participantdn that stratumStandardized prevalence
month of birth was selected. rates and 95% Cls were obtained by direct standardization
Initially, between September 1, 2004, and Septemberto the overall world populatio(®50 years) in 2000. Asso-
30, 2006, we identified 971 eligible men from these house- ciations of MGUS prevalence with demographic and pa-
holds. Of these, 3 were too sick to be screened and 9 retient characteristics were assessed by the Fisher exact test
fused to participate, yielding a 98.8% (959/971) responseand in logistic regression models (PROC GENMOD, SAS
rate. We further excluded 42 men with a history of cancer9.1; SAS Institute Inc, Cary, NC) adjusted for age in
from the MGUS investigation, leaving 917 men for the cur- quartilesAll P values are 2-sided.
rent analysis. We compared prevalence estimates of MGUS
in Ghanaian men, standardized to the 2000 world popula-
tion, with standardized prevalence estimates from our recent
screening study of residents of Olmsted County, MN, in- Selected characteristics of the 917 study participants are
cluding almost 8000 white men 50 to 74 years offage. given in Table 1. The mean age of the study participants

PARTICIPANTS AND METHODS

RESULTS

Mayo Clin Proc. « December 2007;82(12):1468-1473 + www.mayoclinicproceedings.com 1469



MGUS IN GHANAIAN MEN

TABLE 1. Selected Characteristics of Study Participants
at Screening*
1005 o Accra, Ghana 9
90 1 m Olmsted County, MN Study participants
< 801 Characteristics (N=917)
a2 (738 ] Mean age, y (range) 60 (50-74)
2 Country of birth
S 297 Ghana 897 (97.8)
= 40 1 Other than Ghana 15 (1.6)
S 304 Missing 5 (0.6)
20 1 Living in Accra
10 - —h ’_L Yes 885 (96.5)
0 : : No 7 (0.8)
l9G IgA IgM Data missing 25 (2.7)
Isotype Ethnic group
Ga-Adangbe 350 (38.2)
South 177 (19.3)
FIGURE 1. Distribution of monoclonal gammopathy of undetermined ',\\‘A('J??Ae 2?3 ((:;11)2)
significance (MGUS) isotypes among men in Accra, Ghana, and Data missin 57 (é 2)
Olmsted County, MN. - 9 '
Education status
None 104 (11.3)
Primar 55 (6.0
was 60 years (range, .5(')-74'years). Most (almost 98%) were dleyor junior secondary 411( ( 42.8)
born and currently living in Accra. The largest ethnic Secondary or senior secondary 169 (18.4)
groups were the Ga-Adangbe people and those from the Higher 129 (14.1)
middle regions. Approximately 11% of the men had no , P2 mesng " 49(5.3)
) A istory of selected infectious conditionst
formal education, whereas more than 60% had either a palaria 753/898 (83.8)
middle or junior secondarydecation level or a secondary Tuberculosis 14/895 (1.6)
or senior secondary education level. Approximately 15% \C(gl‘l’(')‘\eﬁever 925//8833 ((1269%)
of participans were dund to have a higher education Measles 220/816 (27.0)
level (Table 1)_ Meningitis 3/863 (0.3)
More than 80% of the participants reported a history of éﬁ‘;}'g:‘;ea 33705;032(?4?6)
malaria, and almost 11% had previously had yellow fever.  pepatitis A 29/822 (3.5)
Approximately half of the study participants reported hav-  Hepatitis B or C 9/817 (1.1)
ing a history of sexually transmitted diseases; gonorrhea Genital herpes 58/887 (6.5)
’ Genital warts 4/900 (0.4)

was the most common. The prevalence of selected previous

infectious conditions is listed in Table 1. "Unless otherwise indicated. iy . .
tDenominator varies with number of participants for whom information is

available.

PrEvALENCE oF MGUS
Of the 917 study participants, MGUS was detected in theamong the Ghanaian men, we found no evidence of statisti-
serum of 54 (5.9%). The age-adjusted prevalence ofcal variation (Table 3).
MGUS was 5.89 (95% ClI, 4.36-7.42) per 100 persons (50-
74 years) (Table 2). The age-specific prevalence rates OfCHARACTERISTICS OF MONOCLONAL IMMUNOGLOBULINS
MGUS per 100 persons for Ghanaian men were 5.33 (50-IN GHANAIAN MEN
54 years), 5.74 (55-59 years), 5.42 (60-64 years), 7.74 (65Among 54 men with evidence of MGUS, the isotype of the
69 years), and 5.38 (70-74 years). No significant variation monoclonal immunoglobulin was IgG in 40 (74%), IgA in
by age was foundPE.94, x? test) (Table 2). 10 (19%)JgM in 3 (6%), and biclonal in 1 (2%) (Table 4).
The overall prevalence of MGUS (standardized to the In Olmsted County the proportion of IgM MGUS was
2000 standard world population [50-74 years]) among higher (14%); however, the difference was not statistically
Ghanaian men (5.84 per 100 persons; 95% Cl, 4.27-7.40%significant P=.11) (Figure 1). The serulight chain type
was significantly higherR<.001) compared with the rate wask in26 (48%)A in 27 (50%), and biclonal in 1 (2%) of
among 7996 white men aged 50 to 74 years (2.97 per 10@he MGUS cases in Ghana. The fraction of patients Aith
persons; 95% ClI, 2.59-3.34) in Olmsted County, MN, serumlight chain MGUS was somewhat lower in Olmsted
with a relative risk of 1.97 (95% CI, 1.94-2.00). County (43%) than in Ghan&.36).
When we conducted internal comparison analyses to The monoclonal immunoglobuliconcentration was
examine the age-specific prevalence pattern by ethnicity,undetectable in 41 (76%) of the 54 Ghanaian men with
education status, or history of selected infectious diseaseMGUS, less than 0.49 g/dL in 2 (4%), 0.50 to 0.99 g/dL in
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TABLE 2. Prevalence of MGUS in 917 Men in Accra, Ghana, and in 7996 Men in Olmsted County, MN*

Ghana Olmsted Courfty
Total No. (%) Total No. (%)

Variable No. with MGUS Prevalence (95% CI)t No. with MGUS Prevalence (95% CI)t
Age (y)

50-54 244 13 (5) 5.33 (2.51-8.15) 2181 40 (2) 1.83 (1.27-2.40)

55-59 209 12 (6) 5.74 (2.59-8.90) 1857 42 (3) 2.26 (1.59-2.94)

60-64 166 9 (5) 5.42 (1.98-8.87) 1520 52 (3) 3.42 (2.51-4.33)

65-69 168 13 (8) 7.74 (3.70-11.8) 1344 53 (4) 3.94 (2.90-4.98)

70-74 130 7 (5) 5.38 (1.50-9.26) 1094 56 (5) 5.12 (3.18-6.42)
Total, unadjusted 917 54 (6) 5.89 (4.36-7.42) 7996 243 (3) 3.04 (2.66-3.42)
Total, adjustedt 5.84 (4.27-7.40) 2.97 (2.59-3.34)

*Cl = confidence interval; MGUS = monoclonal gammopathy of undetermined significance.
tPer 100 persons.
fStandardized to the 2000 standard world population (50-74 years).

8 (15%), 1.00 to 1.49 g/dL in 1 (2%), and at least 2.00 g/dL per 100 persons) compared with white men from Olmsted
in 2 (4%). Individual values ranged from undetectable to County (2.97 per 100 persons) of a comparable age group.
2.92 g/dL; the median was 0.01 g/dL or 0.97 g/dL if the Further, in contrast to white men, in whom the prevalence
undetectable proteins were excluded (Table 4). In contrastof MGUS increases significantly with agap age-associ-
the monoclonal immunoglobulin was undetectable in only ated differences in prevalence of MGUS were noted in
12% of men 50 to 74 years of age in the Olmsted CountyGhanaian menR=.94). To our knowledge, there is no
MGUS study, and the differences are statistically signifi- available information oMGUS prevalenceatesamong
cant P<.001). Ghanaian men younger than 50 years. However, we have
speculated that the flat MGUS prevalence pattern by age
observed in our study might reflect a race-related earlier
DISCUSSION onset of MGUS among Ghanaian men. In further support
In this first population-based study of MGUS in Africa, we of this hypothesis, African American men appear to be
found a significant 2-fold (95% CI, 1.94-2.00) higher risk diagnosed with MM on average approximately 5 to 10
of MGUS among Ghanaian men aged 50 to 70 years (5.84years earlier than white mérkuture studies that include
younger persons are needed to show increasing prevalence

TABLE 3. Risk of MGUS Stratified by Ethnic Group, . .
Education Status, and History of Selected Infections* by agé Other dlfference§ mCIUd_e the lower rates of IgM
MGUS, more frequenk light chain use, and the smaller
,\'}guoé monoclonal proteins seen in MGUS among Ghanaian men.
Variable cases OR (95% Cl)t
Ethnic group TABLE 4. Characteristics of Monoclonal Gammopathy of
Ga-Adangbe 16 1.00 Undetermined Significance Among 54 Men in Accra, Ghana
South 11 1.42(0.64-3.15) Variable No. (%)t
Middle 19 1.52 (0.76-3.04)
North 3 1.45 (0.41-5.20) Mean monoclonal protein concentration, g/dL (range)¥ 0.97 (0.29-2.92)
Education status Monoclonal immunoglobulin isotype
None or primary 11 1.00 1gG 40 (74)
Middle or junior secondary 22 1.04 (0.45-2.38) IgA 10 (19)
Secondary, senior secondaryhagher 19 120 (0.54-2.68) IgM 3(6)
Self-reported history of selected infections Biclonal 1(2)
Nonet 1.00 Serum light chain type
Malaria 46 1.53 (0.64-3.68) K 26 (48)
Tuberculosis 2 2.79 (0.60-12.94) A 27 (50)
Cholera 2 1.37 (0.31-6.03) Biclonal 1(2)
Yellow fever 7 1.36 (0.59-3.13) Monoclonal immunoglobulin concentration, g/dL
Measles 12 0.82 (0.41-1.65) Undetectable 41 (76)
Syphilis 3 1.87(0.54-6.45) <0.49 2 (4)
Gonorrhea 20 0.82 (0.45-1.47) 0.50t0 0.99 8 (15)
Genital herpes 2 0.61 (0.14-2.58) 1.00to 1.49 1(2)
- - 1.50to0 1.99 0 (0)
*Cl = confidence interval; MGUS = monoclonal gammopathy of undeter- =2.00 2 (4)
mined significance; OR = odds ratio.
TAdjusted for age. *Unless otherwise indicated.
fEach infectious condition was assessed separately, using the peopldPercentages do not total 100% because of rounding.
without the condition as the reference group. FExcluding cases with undetectable monoclonal protein concentration.
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In the United States, a distinct racial disparity pattern is Waldenstrém macroglobulinemia, a malignancy associated
seen for MM incidence, reflected in an approximately 2-fold with IgM, is approximately twice as common in whites as
higher incidence for African Americans (9.5 per 100,000 in African Americans in the United Statég.he isotype of
person-years) than whites (4.1 per 100,000 person-years).the immunoglobulin has been found to be associated with
This increase is related to the increased prevalence ofisk for cancer progression (IgG is associated with lower
MGUS, the precursor premalignant condition to MM, among risk than IgM and IgAJ.1t is thus unclear what the risk of
African Americans rather than an increased conversion ofcancer progression is in the Ghanaian population that we
MGUS to MM? In our study, we report that African men in  studied. Long-term follow-up studies of MGUS cases in
Ghana also had an increased prevalence of MGUS relative tgeople of African descent are needed to define the annual
that in white men, further suggesting that the difference in risk of MGUS progression to MM.

MM incidence in whites vs African Americans in the United Major strengths of this large population-based study
States is likely due to race-related genetic susceptibility be-include its inclusion of probability samples from the popu-

cause Africans and African Americans have similar but not lation, its high response rate, its high-quality in-person

identical genetic make-up. The increased incidence likely alsointerviews, its rigorous quality-control procedures, and

reflects unknown environmental influences that might inter- the highly sensitive and specific monoclonal analyses per-
act with host (genetic) factors. formed at Mayo ClinicLimitations include the unavailabil-

Although currently there are no established risk factors ity of a fully detailed medical history, which prevented full
for MGUS other than age, some, but not all, smaller studiesascertainment of comorbidities (such as infections other than
have indicated an increased incidence of MGUS amongthose included in the protocol) and of data on medication
people with a history of certain infections (for example, use. Also, we lack information on the prevalence of MGUS
hepatitis C anddelicobacter pylorj.1*2 However, on the  in women. Additional investigations are needed to confirm
basis of self-report, we found no statistically significant our findings and to expand the study population to include
association between MGUS and a history of 12 infectious women and patients younger than 50 years.
diseases (Table 3). Studies based on larger numbers are Future studies, including genetic mapping by admixture
needed to better assess #®sociatiorbetween irmune- linkage disequilibrium applied to African American popu-
mediated and inflammatory conditions in relation to lations with MM or MGUS, could provide insights into the
MGUS risk. Prevalence of MGUS did not vary by demo- etiology and pathogenesis of MGUS and risk factors for
graphic features, ethnicity, or education status. MM progressiort®® A better description of themecha-

On the basis of estimates derived from white popula- nisms that mediate monoclonal plasma cell proliferation,
tions, we previously reported that the annual risk of pro- survival, and migration in the bone marrow microenvi-
gression of MGUS to MM or a related tumor is approxi- ronment could ultimately enhance our understanding of
mately 1%; this risk is unaffected by age or duration of MGUS and MM pathophysiology and allow identification
MGUS but increases as the concentration of serum Mof novel molecular targets.
protein increasesThus, the absolute risk of malignancy
for a patient aged 50 years with a projected 25-year life
span is 25%; MGUS is therefore more likely to progress to
cancer in younger people because they have more years a/e found a significant 2-fold elevated risk of MGUS in
risk. However, the proportion of men with MGUS who Ghanaian men, which is supportive of the hypothesis that
had an undetectable M protein level was significantly race-associated differences in genetic susceptibility could
higher in Ghana than in Olmsted County (75.9% vs 1234%). explain higher incidence rates of MGUS and in part explain
This discrepancy is striking, and underlyintechanisms  higher incidence rates of MM among African Americans.
need to be explored in future studies. Because no curative MM therapy is currently available, we

Of the immunoglobulin types, IgG was most common mustimprove our understanding of MGUS and MM patho-
in the Ghanaian MGUS cases (almost 75%), confirming physiology with the aim of developing strategies to prevent
the findings of both the Olmsted County sufvayd a pre- progression of MGUS to MM.
vious French stud{?. However, IgM MGUS was found in
6% of the Ghanaian men compared with 14% of the menwe are indebted to Evelyn Tay, Vicky Okyne Appiah of Korle-Bu
from Olmsted County (50-74 years), 24% of the partici- Hospital for overseeing data and specimen collection in Ghana;
pants in the Frenctudy!® and 8% in a Swedish study. John Heinrich, Norma Kim, Violet Devairakkam of Research

. . Triangle International for coordinating the study in Ghana;
Although we cannot explain the observed discrepancy, Shelley Niwa for coordinating and monitoriggestionnaire data

the pattern is Consistent With the incidence ratio of ang serum samples; and Raynell Clark for performing the elec-
Waldenstrom macroglobulinemia when stratified by race. trophoresisand immunofixation analyses.

CONCLUSION
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