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Abstract
Knowledge of social inequalities in monoclonal gammopathy of undetermined significance (MGUS) will contribute to understanding
multiple myeloma (MM) etiology, as MGUS consistently precedes MM. The aim of the present study was to examine whether
socioeconomic position (SEP) is associated with MGUS in a population-based cohort including information on potential MGUS risk
factors. Overall, 4787 study participants aged 45–75 years with information on MGUS were included. SEP indicators (education,
income) and potential risk factors (i.e., body mass index, diabetes, smoking, dietary factors) were assessed at baseline. Overall, 260
MGUS cases were detected at baseline and prospectively over a 10-year follow-up. In age-adjusted logistic regression models, a lower
chance of havingMGUS at baseline or developingMGUSduring 10 years of follow-upwas indicated for groups of lowSEPwith odds
ratios (OR) of 0.39 (95% confidence interval [95%-CI] 0.19–0.76) for women and 0.48 (95% CI 0.10–1.16) for men in the lowest
compared to the highest educational group. After additionally including potential mediating risk factors in the regression models, the
estimated ORs changed only slightly in magnitude. Similar results were obtained for income. Current smoking and low fruit con-
sumption were associated with MGUS independently of SEP in women, but not in men. The present study indicates a lower MGUS
risk in lower SEP groups. Supporting evidence is given that smoking and diet play a role in the development of MGUS independently
of SEP, while it has to be assumed that risk factors unknown to date are responsible for the observed social inequalities in MGUS.
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Introduction

Monoclonal gammopathy of undetermined significance
(MGUS) consistently precedes multiple myeloma (MM) [1,

2], a neoplasm of plasma cells indicated by an overproduction
of monoclonal immunoglobulins. While MGUS also shows
presence of a monoclonal immunoglobulin, it is characterized
by a lack of other MM features such as lytic bone lesions,
anemia, hypercalcemia, or renal insufficiency [3, 4]. The prev-
alence of MGUS in populations of European descent aged 50
years and older has been estimated at 3% to 4% [4, 5]. MGUS
progresses toMM at a rate of approximately 1% per year [6, 7].

Next to ethnic differences in MM risk, previous studies have
established male sex, increasing age and — given the strong
familial clustering — genetic factors as risk factors contributing
to the etiology of MM [8, 9]. However, preventable risk factors
for MM are still largely unknown. Potential risk factors that have
been discussed include obesity, diabetes, smoking, diet (such as
fish, vegetable/fruit consumption), and other lifestyle factors as
well as pesticide exposure and occupational factors [8, 10, 11].
Some studies have investigatedwhether discussed risk factors for
MM are associated with MGUS with inconclusive results
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regarding the role of obesity, diabetes, and smoking [12–16]. As
it is generally assumed that risk-related lifestyle and occupational
factors may be unequally distributed across strata of socioeco-
nomic position (SEP), investigating the relationship between
SEP indicators and MGUS will contribute to the understanding
of MM etiology. Studies including SEP as potential risk factor
for MM have also shown inconclusive results with reports of
increased MM risk in individuals of low SEP [17, 18], reports
of higher MMmortality in individuals of high SEP [19], or lack
of association [20]. In a study with women, low education was
associated with higher MGUS risk, but decreased effect size
estimates have been observed when adjusting for ethnic differ-
ences [13]. In another study in male pesticide applicators, the
trend of effect size estimates across SEP strata also suggested a
higher MGUS risk with lower education [14]. However, there is
lack of studies investigating SEP effects in population-based
study samples of both sexes covering the full range of the SEP
distribution, while at the same time considering risk factors po-
tentially mediating the SEP effect on MGUS.

In the present study, the association of SEP with MGUS
was investigated in a population-based cohort separately for
women and men, including potential risk factors that have
been suggested to increaseMM andMGUS risk and that were
available for analysis in the study population (i.e., body mass
index [BMI], diabetes, smoking, dietary factors such as fish,
vegetable, and fruit consumption).

Methods

Study population

Data of the prospective population-based Heinz Nixdorf Recall
Study were used for the present analysis. The study’s design and
rationale have been described in detail elsewhere [21]. Briefly,
4814 women and men aged 45–75 years were included in the
study population using a random sample derived from mandato-
ry citizen registries of three large cities (Bochum, Essen,
Mülheim/Ruhr) in an urban region in the western part of
Germany. Participants were recruited from 2000 to 2003 with a
baseline response proportion of 55.8% [22]. The study was ap-
proved by the local ethics committee (99-69-1200) and informed
consent was obtained from all participants. The study comprises
extended quality management procedures including a certifica-
tion according to DIN ISO 9001:2000.

Monoclonal gammopathy of undetermined
significance (MGUS)

MGUS was assessed at baseline and prospectively at the 5-year
and the 10-year follow-up examination using serum samples
collected at each visit and stored at − 80 °C (details have been
described previously [5]). For MGUS determination, standard

serum electrophoresis was combined with parallel screening
immunofixation electrophoresis (scIFE) using pentavalent
antisera (Hydragel 12 IF, Penta-Kit, Sebia, Fulda, Germany).
Confirmatory IFE using antisera against γ,α, μ, κ, and λ immu-
noglobulin chainswas performed in samples showing a visible or
suspected monoclonal band. Electrophoresis gels were evaluated
by a trained physician. MGUS cases were defined according to
the International MyelomaWorking Group criteria [3], including
information on the detectable monoclonal protein on SPE and/or
IFE, monoclonal protein concentration, laboratory results, and
disease history.

Free kappa (κ) and free lambda (λ) immunoglobulin light
chains (FLC) were determined using a Dade Behring BNII au-
tomated nephelometer (Siemens, Germany) utilizing a commer-
cially available kit (FREELITE, The Binding Site Ltd,
Birmingham, UK). Published reference ranges for κ and λ
FLC were used (3.3–19.4 mg/L and 5.7–26.3 mg/L, respective-
ly) [23]. A pathological κ/λ FLC ratio was defined as < 0.26 or >
1.65 for participants with an estimated glomerular filtration rate
(eGFR) of > 30 mL/min and as < 0.37 or > 3.1 for participants
with an eGFR of < 30 mL/min [24].

Indicators of socioeconomic position

Information on the SEP indicators’ education and income was
assessed by standardized face-to-face interviews at baseline ex-
amination. Education was defined according to the International
Standard Classification of Education as total years of formal
education by combining school and vocational training [25]. It
was then included into analyses either as continuous variable or
categorized into three groups with the lowest educational group
of ten and less years (equivalent to a basic school degree with no
vocational training) and the highest educational group of 14 and
more years of education (equivalent to vocational training includ-
ing additional qualification or a university degree). Income was
defined as the monthly household equivalent income by dividing
the total household net income by a weighting factor for each
household member [26]. It was included into analyses either as
continuous variable or categorized into three groups using sex-
specific tertiles. To account for different mechanisms in causing
social inequalities in health both SEP indicators were analyzed
separately [27, 28].

Potential risk factors

Information on the potential risk factors forMM andMGUS that
were available for analysis (i.e., BMI, diabetes, smoking, dietary
intake such as fish, vegetable, and fruit consumption) were
assessed at study baseline. Diabetes mellitus was defined as ei-
ther of the following criteria: reporting a history of diabetes
mellitus, taking glucose-lowering drugs, having fasting blood
glucose levels of greater than 125 mg/dL, or having non-
fasting glucose levels of 200 mg/dL or greater. Current smoking
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was defined as smoking cigarettes during the past year, former
smoking as having a history of smoking before the past year, and
never smoking as never having smoked. BMI was computed
from standardized measurements of height and weight (kg/m2).
Dietary intake was assessed by a validated food frequency ques-
tionnaire (FFQ) [29]. Frequency of consumption was assessed
using a five-point scalewith the categories daily, 4–6 times/week,
1–3 times/week, 1–3 times/month, and hardly ever/never for
each food item. Based on the FFQ, information for fish, boiled
vegetable, raw vegetable, and fruit consumption was dichoto-
mized into low consumption (1–3 times/week or less) vs. high
consumption (at least 4–6 times/week), except for fish consump-
tion, which was dichotomized into low consumption (1–3 times/
month) vs. high consumption (at least 1–3 times/week) [30].

Statistical analyses

For the main analyses, 4787 participants with non-missing in-
formation on MGUS were included (Figure S1). There was
information missing on education (n = 13), income (n = 306),
and on some of the potential risk factors leading to exclusion of
these participants from the respective analyses. Participants with
missing information on SEP did not differ in rates ofMGUS and
participants withmissing information onMGUSdid not differ in
SEP.

To increase the precision of effect size estimates for detecting
associations of SEP indicators withMGUS in the main analysis,

prevalent MGUS cases at baseline were analyzed together with
incident MGUS cases, corresponding to a lifetimeMGUS prev-
alence (i.e., having MGUS at least at one of the three examina-
tion dates). Sex-stratified logistic regression models were fitted
to calculate odds ratios (OR) and their corresponding 95% con-
fidence intervals (95% CI) separately for education and income
entered either as independent continuous variables or categorical
with the group of highest education or income as reference.
Different regression models were then calculated starting with
age-adjusted models to control for confounding of the total SEP
effect followed by age-adjusted models also including one ad-
ditional potential mediating risk factor each and ending with an
age-adjusted model including all potential mediating risk fac-
tors. For detecting associations of potential risk factors with
MGUS, sex-stratified logistic regression models were fitted
and adjusted for age and education to control for confounding.
In addition, sensitivity analysis was performed by separately
investigating incident MGUS cases over 10 years of follow-up
only (Figure S1). Analyses were performed using the R statisti-
cal package version 3.3.0 [31]. For original data, please contact
the corresponding author.

Results

Characteristics of the study population are shown in Table 1.
The overall number of prevalent and incident MGUS cases

Table 1 Characteristics of study
participants stratified by sex All Women Men

n 4787 (100%) 2402 (50.2%) 2385 (49.8%)

Age (years)a 59.6 (± 7.8) 59.6 (± 7.8) 59.7 (± 7.8)

MGUSb 260 (5.4%) 103 (4.3%) 157 (6.6%)

Education (years of training)b

≤ 10 y 544 (11.4%) 424 (17.7%) 120 (5.0%)

11–13 y 2659 (55.7%) 1524 (63.5%) 1135 (47.8%)

≥ 14 y 1571 (32.9%) 451 (18.8%) 1120 (47.2%)

Income (€/month)c 1449 (1108–1875) 1313 (937–1875) 1520 (1108–2073)

Smokingb

Never smoker 2000 (41.8%) 1335 (55.6%) 665 (27.9%)

Past smoker 1659 (34.7%) 555 (23.1%) 1104 (46.4%)

Current smoker 1121 (23.5%) 510 (21.3%) 611 (25.7%)

Diabetes mellitusb 649 (13.6%) 233 (9.7%) 416 (17.4%)

Body mass index (kg/m2)a 27.9 (± 4.6) 27.6 (± 5.2) 28.2 (± 4.0)

Low fish consumptionb 2984 (63.4%) 1462 (61.7%) 1522 (65.0%)

Low boiled vegetable consumptionb 2962 (62.9%) 1322 (55.9%) 1640 (69.9%)

Low raw vegetable consumptionb 3215 (68.3%) 1460 (61.8%) 1755 (74.9%)

Low fruit consumptionb 1450 (30.8%) 534 (22.5%) 916 (39.1%)

aMean (± sd)
b Number (%)
cMedian (quartile range)
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was 260 (5.4%) with women showing a lower risk of MGUS
than men (for clinical characteristics of MGUS cases see
Table S1). Out of these, 103 (3.5%) incident cases of MGUS
were observed over a follow-up of 10 years (Table S2).
Differences between women and men were also observed in
the distribution of SEP indicators with women reporting less
years of formal education and lower household income. SEP
indicators stratified by MGUS status showed a higher propor-
tion of high education in MGUS cases as well as a higher
household income (Table S3).

In age-adjusted regression models both SEP indicators
were associated with MGUS in women and men with study
participants in the lowest education or income group showing
a substantially lower MGUS risk compared to participants in
the highest education or income group (Table 2). The stron-
gest age-adjusted effect size estimate was observed for women
with ten and less years of education showing an OR of 0.39
(95% CI 0.19–0.76), indicating that the chance of having
MGUS at baseline or developing MGUS during 10 years of
follow-up was approximately 60% lower compared to women
with 14 and more years of education. For men, the strongest
age-adjusted effect size estimate was also observed in the
group with ten and less years of education showing an OR
of 0.48 (95% CI 0.10–1.16). For study participants in the
middle education or income groups, indication for a lower risk
of MGUS was also observed, leading to a positive trend in the
magnitude of effect size estimates across SEP groups. This
was supported by using education and income as continuous
variables in age-adjusted logistic regression models, showing
ORs of 1.12 (95% CI 1.02–1.23; p = 0.01) and 1.11 (95% CI
1.04–1.20; p = 0.004) per year of education for women and
men and ORs of 1.22 (95% CI 0.89–1.64; p = 0.20) and 1.34
(95% CI 1.07–1.68; p = 0.01) per 1000€ income, respectively.
After additionally including potential mediating risk factors in
the regression models, the estimated ORs changed only slight-
ly inmagnitude for both SEP indicators, even in the regression
models including all potential mediating risk factors simulta-
neously (Table 2). In the sensitivity analyses considering only
incident MGUS cases, direction and magnitude of ORs were
similar to those obtained in the main analysis population
(Table S4). Exceptions with ORs less strong in magnitude
were noted for the middle educational group in men, the
middle-income tertile in women and the low-income tertile
in men. Overall, 95% CIs were wider in the sensitivity analy-
sis (i.e., estimation of effects was less precise).

In women, current smoking and low fruit consumption
showed the strongest indication of association with MGUS in-
dependently of the SEP association (Table 3). While in women,
ORs > 1 were observed for all dietary factors as well as for
diabetes, effect size estimates were substantially less strong in
men. BMI did not show any indication of association in women
neither in men. In the sensitivity analyses considering only inci-
dent MGUS cases, similar results were observed (Table S5).

Discussion

In the present study, associations of education and income
with MGUS were observed in women and men of a
population-based cohort, indicating a substantially lower
MGUS risk in lower SEP groups. The associations were
present across all SEP groups and did not change after ad-
justment for potential mediating risk factors such as BMI,
diabetes, smoking, and dietary factors. While the covariates
included in the analysis did not seem to mediate the asso-
ciation of SEP with MGUS, associations of current
smoking and low fruit consumption with MGUS indepen-
dent of the SEP were detected in women.

Associations of education and income with MGUS have
been investigated previously in a study population of wom-
en aged 40–79 years [13]. Direction of effect size estimates
for both SEP indicators gave some indication for a higher
MGUS risk in lower SEP groups, while ethnic differences
were partly responsible for the observed association. In a
study of male pesticide applicators aged 30–94 years, di-
rection of effect size estimates have also suggested a higher
MGUS risk with lower education [14]. However, in the
present study, the opposite direction of SEP effects was
observed showing a positive association between SEP and
MGUS across SEP categories as well as in regression
models including continuous SEP variables. This discrep-
ancy may be explained as follows: (1) compared to the
present study the number of MGUS cases was much smaller
in both previous studies leading to less precise effect size
estimates; (2) SEP indicators in both previous studies were
either categorical or dichotomized potentially leading to
loss of statistical power and biased results [32]; (3) next to
methodological differences there may be one or more yet
unknown MGUS risk factors with different social distribu-
tions in different populations responsible for the diverging
direction of SEP effect size estimates. However, it is not
clear which underlying factors are causing a lower MGUS
risk in groups of low SEP in the present study as all poten-
tial mediating risk factors included in the analysis did not
alter the SEP effect observed.

In a study on time trends in MM mortality, higher mor-
tality rates in groups of higher SEP have been reported for
women and men [19]. The authors have argued that under-
ascertainment bias may be the main explanation for the
positive association observed, since under-ascertainment
of MM as cause of death has been hypothesized to be relat-
ed to low SEP. However, higher MGUS risk in higher SEP
groups as observed in the present study cannot be explained
by under-ascertainment, as all study participants underwent
the same screening steps to detect MGUS irrespective of
their SEP status.

The present study gave indication for a higher MGUS
risk associated with current smoking and low fruit
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consumption in women. In men, substantially less strong
effect size estimates were observed, although direction of
effects was consistent to those found in women. There were
several studies with inconsistent results on the association
of dietary factors such as fish and vegetable consumption
with MM [8, 10, 11], while in the present study only a weak
indication for an association of fish and vegetable con-
sumption with MGUS was detected in women. However,
in a study exploring the impact of 13 food items on MGUS
risk, only intake of fruit at least three times per week was
associated with lower risk of MGUS when compared to
lower fruit consumption [33]. This is in line with the pres-
ent results showing effect size estimates of the same
magnitude.

In a case-control study in women and men aged 16–91
years, a higher MGUS risk was found in heavy smokers
(defined as having smoked > 20 cigarettes/day for at least

5 years), showing a stronger effect compared to light
smokers [16]. The present study adds further evidence, as
stronger effects were observed for current smokers com-
pared to past smokers suggesting that next to the dose-
response effects reported before also smoking cessation
seems to play a role in MGUS etiology. In a previous study
of men, no association of smoking with MGUS was found
[14], which is in line with the present results.

No indication for associations of BMI and diabetes
mellitus with MGUS was observed. A previous study on
the association between metabolic factors and MGUS has
raised the possibility of detection bias as an explanation for
previously reported associations between obesity, diabetes,
and MGUS [15]. This was supported by the lack of associ-
ation in the present study for both women and men, as well
as in a previous longitudinal study exploring the impact
different obesity measures on MGUS [12].

Table 2 Odds ratios (OR) and 95% confidence intervals (95% CI) for
the association of education and incomewith monoclonal gammopathy of
undetermined significance (MGUS) in women and men adjusted for age

and potential mediating risk factors (with highest educational group/
income tertile as reference)

Education Women Men

Education ≤ 10 years Education 11–13 years Education ≤ 10 years Education 11–13 years

Model n n
case

OR (95% CI) p OR (95% CI) p n n
case

OR (95% CI) p OR (95% CI) p

Age 2399 103 0.39 (0.19–0.76) 0.01 0.62 (0.38–1.06) 0.07 2375 156 0.48 (0.10–1.16) 0.12 0.67 (0.47–0.94) 0.02
Age + body mass index
(BMI)

2386 103 0.39 (0.20–0.78) 0.01 0.63 (0.38–1.07) 0.08 2365 155 0.45 (0.16–1.05) 0.10 0.65 (0.46–0.91) 0.01

Age + smoking 2399 103 0.42 (0.21–0.84) 0.01 0.66 (0.40–1.13) 0.12 2375 156 0.46 (0.16–1.06) 0.10 0.65 (0.46–0.92) 0.01
Age + diabetes mellitus 2399 103 0.37 (0.18–0.73) 0.01 0.61 (0.37–1.04) 0.06 2375 156 0.48 (0.16–1.10) 0.12 0.67 (0.47–0.93) 0.02
Age + fish consumption 2367 100 0.37 (0.18–0.75) 0.01 0.64 (0.39–1.10) 0.09 2335 156 0.49 (0.17–1.13) 0.13 0.67 (0.48–0.95) 0.02
Age + boiled vegetable
consumption

2365 100 0.39 (0.19–0.77) 0.01 0.64 (0.39–1.10) 0.09 2338 156 0.48 (0.17–1.11) 0.12 0.67 (0.47–0.94) 0.02

Age + raw vegetable
consumption

2363 99 0.39 (0.19–0.77) 0.01 0.63 (0.38–1.08) 0.08 2336 156 0.49 (0.17–1.14) 0.14 0.68 (0.48–0.95) 0.02

Age + fruit consumption 2368 100 0.37 (0.18–0.74) 0.01 0.62 (0.38–1.08) 0.08 2337 156 0.49 (0.17–1.14) 0.14 0.67 (0.48–0.95) 0.02
Age + all risk factors (full
model)

2344 99 0.37 (0.18–0.76) 0.01 0.65 (0.38–1.13) 0.11 2323 155 0.46 (0.15–1.02) 0.09 0.64 (0.45–0.90) 0.01

Income Women Men
Low-income tertile Middle-income tertile Low-income tertile Middle-income tertile

Model n n case OR (95- % CI) p OR (95- % CI) p n n case OR
(95% CI) p OR (95- % CI) p
Age 2195 92 0.60 (0.35–1.02) 0.06 0.79 (0.47–1.32) 0.36 2286 150 0.54 (0.35–0.83) 0.01 0.79 (0.53–1.20) 0.27
Age + body mass index
(BMI)

2184 92 0.60 (0.35–1.03) 0.06 0.79 (0.47–1.32) 0.36 2276 149 0.53 (0.34–0.82) 0.004 0.78 (0.51–1.18) 0.24

Age + smoking 2195 92 0.61 (0.36–1.04) 0.07 0.82 (0.49–1.38) 0.45 2286 150 0.54 (0.35–0.83) 0.01 0.79 (0.53–1.20) 0.27
Age + diabetes mellitus 2195 92 0.59 (0.35–1.01) 0.05 0.77 (0.46–1.30) 0.33 2286 150 0.54 (0.35–0.83) 0.005 0.79 (0.53–1.21) 0.28
Age + fish consumption 2171 91 0.61 (0.36–1.03) 0.06 0.76 (0.45–1.29) 0.31 2253 150 0.54 (0.35–0.83) 0.01 0.79 (0.52–1.20) 0.26
Age + boiled vegetable
consumption

2170 91 0.61 (0.36–1.03) 0.06 0.77 (0.45–1.30) 0.32 2254 150 0.54 (0.35–0.83) 0.005 0.79 (0.52–1.20) 0.26

Age + raw vegetable
consumption

2167 90 0.61 (0.36–1.03) 0.07 0.74 (0.43–1.25) 0.26 2253 150 0.54 (0.35–0.84) 0.01 0.79 (0.53–1.21) 0.28

Age + fruit consumption 2172 91 0.59 (0.35–0.99) 0.05 0.76 (0.45–1.29) 0.31 2255 150 0.54 (0.35–0.83) 0.01 0.79 (0.52–1.20) 0.26
Age + all risk factors (full
model)

2151 90 0.61 (0.35–1.04) 0.07 0.75 (0.44–1.28) 0.29 2241 149 0.53 (0.34–0.82) 0.004 0.79 (0.52–1.19) 0.26
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The strengths of the present study are its population-based
study design, the assessment of prevalent as well as incident
MGUS cases over a 10-year follow-up period using a sensitive
screening approach including immunofixation, the inclusion of
two different SEP indicators as well as the range of potential
MGUS risk factors available for analysis. A limitation of the
study is that urine samples were not analyzed and imaging as
well as bone marrow biopsy results were not available for giv-
ing more detailed information on MGUS diagnosis and its se-
verity. Therefore, a small fraction of MGUS cases and rare
plasma cell dyscrasias might have been missed [34].

In conclusion, results of the present study indicate an associ-
ation of education and income with MGUS in women and men
of a population-based study sample, showing a lower MGUS
risk in lower SEP groups. It has to be assumed that one or more
unknown risk factors for MGUS not included in the present
analysis are responsible for the observed social inequalities in
MGUS risk. In addition, there is supporting evidence that
smoking and fruit intake as modifiable risk factors play a role
in the development of MGUS, giving the potential for preven-
tion strategies for MM. However, further population-based stud-
ies are needed to investigate the direction of the SEP effect on
MGUS and to identify the MGUS risk factors involved.
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Diabetes mellitus 2399 103 1.45 (0.79–2.49) 0.20

Low fish consumption 2367 100 1.39 (0.91–2.15) 0.13

Low boiled vegetable consumption 2365 100 1.34 (0.89–2.04) 0.16

Low raw vegetable consumption 2363 99 1.18 (0.77–1.85) 0.44

Low fruit consumption 2368 100 1.82 (1.14–2.84) 0.01

Men

Body mass index (BMI) 2365 155 1.03 (0.99–1.08) 0.11

Smoking past 2375 156 0.89 (0.61–1.33) 0.56

Smoking current 2375 156 1.20 (0.75–1.91) 0.44

Diabetes mellitus 2375 156 1.02 (0.66–1.53) 0.92

Low fish consumption 2335 156 1.08 (0.77–1.53) 0.67

Low boiled vegetable consumption 2238 156 1.25 (0.87–1.81) 0.23

Low raw vegetable consumption 2336 156 0.99 (0.68–1.45) 0.94

Low fruit consumption 2337 156 1.08 (0.76–1.53) 0.65
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