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Excess body weight has been identified as a risk factor for various cancer types. Since the
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on multiple myeloma incidence and five studies on multiple myeloma mortality were
included in the meta-analysis. Compared with subjects in the normal weight category,
the risk of multiple myeloma was statistically significantly elevated among subjects cate-

Obesity gorised as overweight (RR, 1.12; 95% CI, 1.07-1.18) or obese (RR, 1.21; 95% CI, 1.08-1.35).
Review For multiple myeloma mortality, the corresponding summary RR estimates were 1.15
(95% CI, 1.04-1.27) and 1.54 (95% CI, 1.35-1.76). Results from this meta-analysis are in line
with the conclusions of the previous meta-analyses, and suggest that excess body weight

is a risk factor for multiple myeloma.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction opportunity for primary prevention and have marked impact

on morbidity and mortality from the disease.

Multiple myeloma is a haematological cancer characterised
by proliferation of malignant plasma cells. The disease is rel-
atively rare and the prognosis is poor with a 5-year relative
survival of 38.5%." Other than increasing age, male gender,
black race, family history of the disease and monoclonal gam-
mopathy of undetermined significance, there are few estab-
lished risk factors for multiple myeloma.? Therefore,
identification of modifiable risk factors could provide an

The increasing prevalence of overweight and obesity is of
great concern for public health, as excess body weight is
known to be a major risk factor for cardiovascular disease,
type 2 diabetes and certain cancer types.>* Findings from
individual epidemiological studies on excess body weight in
relation to the risk of multiple myeloma have been inconsis-
tent. However, when results were combined in a meta-
analysis of nine cohort studies published through May 2007,
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overweight and obesity were associated with a 12% and 27%
increase in risk of multiple myeloma, respectively. For case-
control studies, the summary estimates were significantly
higher.®> Similarly, another meta-analysis of cohort studies
published through November 2007 reported a risk increase
of 11% per 5 kg/m? increase in body mass index (BMI).* Since
2007, eight prospective cohort studies have been published on
the association between BMI and multiple myeloma inci-
dence and/or mortality. The aim of this present meta-analysis
was to update and expand the previous meta-analyses, to in-
clude all prospective studies on this issue published through
26 January 2011. Further, we separately assessed the influence
of overweight and obesity on multiple myeloma mortality.

2. Materials and methods

2.1.  Study selection

We identified eligible studies by searching the PubMed and
EMBASE databases through 26 January 2011, using the
keywords myeloma, plasma cell neoplasms or haematopoietic
cancer in combination with BMI, body mass index, obesity or
overweight. No language restrictions were imposed. Further,
the reference lists of retrieved articles were examined for
additional relevant studies. Studies with prospective cohort
design were included in the meta-analysis if they reported
relative risk (RR) estimates with corresponding 95% confi-
dence intervals (CIs) for the association between BMI and
incidence of, or mortality from, multiple myeloma. If results
based on the same study population were reported in more
than one study, we included the one with the largest number
of cases.

2.2. Data extraction

From each study, we extracted the first author’s last name,
publication year, country where the study was performed,
study period, sex and age of study participants, number of
cases and cohort size, method for assessing height and
weight, RR estimates with corresponding 95% ClIs for each cat-
egory of BMI in the overweight and obese range, and variables
adjusted for in the analysis. When several risk estimates were
presented, we used the ones adjusted for the largest number
of potential confounders.

2.3.  Statistical analysis

The RRs from individual studies and corresponding 95% CIs
were transformed to their natural logarithms to stabilise the
variance and to normalise the distributions. To examine the
associations of overweight (BMI 25 to <30) and obesity (BMI
>30) with multiple myeloma incidence and mortality, we
pooled study-specific RRs for the category representing over-
weight or obesity versus the reference category. For five stud-
ies®° that reported RRs for more than one BMI category
within the overweight or obesity range, we pooled these RRs
with inverse variance weight and used the pooled estimate.
For one study* that reported RRs for black and white subjects
separately, we also used a pooled estimate. When separate RR
estimates for men and women were not available, we used
the combined estimate. For each study, we also estimated a
RR for a 5 kg/m? increase in BMI using the method proposed
by Greenland and Longnecker and Orsini et al.***®* Summary
RR estimates were calculated with the DerSimonian and Laird
random-effects model,** which considers both within- and

PubMed (n = 77)
EMBASE (n = 225)

Records identified through database searching (n = 302)

Articles identified
from reference lists
(n=4)

Duplicate records excluded
g (n=71)
A 4
Abstracts and/or titles screened
(n=231)
Excluded based on selection criteria
(n=209)
v

(n=26)

Potentially relevant articles identified for full text review

A

\ 4

Excluded articles (n = 7)

Letters/comments not reporting new
results (n = 2)

Case-control study (n = 1)

Review (n = 1)

Hospital diagnosis of obesity (n = 2)

Duplicate reports on the same
study population (n = 1)

A

Cohort studies included in meta-analysis
(n=19)

Fig. 1 - Flowchart of selection of studies for inclusion in meta-analysis.



Table 1 - Prospective cohort studies of body mass index and multiple myeloma.

Study Country (period) Sex and age Cases Assessment BMI (kg/m?) categories Adjusted variables
(cohort size) of weight P :
o) b Reference Overweight Obesity
Incidence
Friedman et al.'>  United States Men and women aged 167 (150,296) Measured <23.1; <21.0* 25.2-27.3; >27.3; >25.8°2 Age, sex
(1964-1988) 13-92 years 22.9-25.82
Blair et al.?® United States Women aged 95 (37,083) Self-reported 18.5-22.9 25.0-29.9 >30.0 Age
(1986-2001) 55-69 years
Maclnnis et al.’®  Australia Men and women aged 55 (40,909) Measured <25.0 25.0-29.9 >30.0 Age, sex, country of
(1990-2003) 27-75 years birth, education
Oh et al.® Korea (1992-2001) Men aged >20years 103 (781,283) Measured 18.5-22.9 25.0-26.9 - Age, smoking,
27.0-29.9 alcohol, exercise,
family history of
cancer, residency
area
Birmann et al.?’ United States Men aged 40-75 years 215 (136,623) Self-reported <22.0 25.0-29.9 >30.0 Age, sex, physical
(1980-2002) and women aged activity
30-55 years
Engeland et al.” Norway Men and women aged 6,115° (2,000,424) Measured 18.5-24.9 25.0-29.9 >30.0; 30.0-34.9; Age, sex, birth cohort
(1963-2002) 20-74 years 35.0-39.9; >40.0?
Fernberg et al.?® Sweden Men aged 14-72 years 520 (336,381) Self-reported 18.5-25.0 25.1-30.0 >30.0 Age, tobacco use
(1971-2004)
Reeves et al.® United Kingdom Women aged 491 (1,222,630) Self-reported 22.5-24.9 25.0-27.4; >30.0 Age, geographical
(1996-2004) 50-64 years 27.5-29.5 region,
socioeconomic
status, reproductive
history, smoking,
alcohol, physical
activity
Britton et al.?® 10 European Men and women aged 268 (371,983) Measured <25.0 25.0-29.9 >30.0 Age, sex, study centre
countries (1993-)  25-70 years
Pylypchuk et al.>® Netherlands Men and women aged 279 (120,852) Self-reported <24.9 25.0-29.9 >30.0 Age, sex
(1986-1999) 55-69 years
Séderberg et al.®®  Sweden and Men and women aged 140 (70,067) Self-reported 18.5-24.9 25.0-29.9 >30.0 Age, sex, country
Finland 18-96 years
(1969-2004)
De Roos et al.’ United States Women aged 92 (81,219) Measured <25.0 25.0-29.9 30.0-34.9; >35.0 Age, minority race,
(1994-2008) 50-79 years education, U.S.
region, smoking
Kanda et al.* Japan (1990-2006) Men and women aged 88 (94,547) Self-reported 23.0-24.9 25.0-29.9 >30.0 Age, sex, study area,
40-69 years alcohol, smoking
Lu et al.® United States Women aged 111 (121,216) Self-reported 20.0-24.9 25.0-29.9 >30.0 Age, race, height at
(1995-2007) 22-84 years cohort entry
Troy et al.>* United States Men and women aged  243° (142,982) Self-reported 18.5-24.9 25.0-29.9 >30.0 Age, sex, race/
(1993-2006) 55-74 years ethnicity, education

(continued on next page)
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Table 1 - continued

Study Country (period) Sex and age Cases Assessment BMI (kg/m?) categories Adjusted variables
(cohort size) of weight : :
i T Reference Overweight Obesity
Mortality
Calle et al.*® United States Men and women aged 1,328 (900,053)  Self-reported  18.5-24.9 25.0-29.9 30.0-34.9; Age, sex, education,
(1982-1998) >30 years 35.0-39.9 smoking, physical
activity, alcohol, marital
status, race, aspirin use,
fat consumption,
vegetable consumption,
oestrogen replacement
therapy (women)
Chiu et al.*® United States Men and women aged 66 (35,420) Measured <24.1; <21.0° 24.1-26.3; >28.6; >26.2°  Age, sex, education,
(1967-2002) 15-90 years 26.3-28.6; smoking, race, postload
23.3-26.22 glucose level
Khan et al>*®*  Japan (1988-2003) Men and women aged 98 (109,698) Self-reported  18.5-25.0 25.0-30.0 >30.0 Age, sex
40-79 years
Reeves et al®  United Kingdom Women aged 50-64 284 (1,222,630)  Self-reported  22.5-24.9 25.0-27.4; >30.0 Age, geographical region,
(1996-2005) years 27.5-29.5 socioeconomic status,
reproductive history,
smoking, alcohol,
physical activity
Parr et al.?° Asia-Pacific Men and women aged 69 (401,215) =€ 18.5-24.9 25.0-29.9 30.0-60.0 Age, sex, study, smoking

region (1961-)

20-107 years

& BMI categories for men and women, respectively.
b Plasma cell neoplasms.
¢ Methods used in the 39 individual cohorts not reported.
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Relative

Author Year Sex Risk (95% ClI)

Friedman 1994 M : 1.83 (0.88, 3.81)
Friedman 1994 W € ; 0.75 (0.35, 1.62)
Blair 2005 W —_— 1.30 (0.78, 2.00)
Maclnnis 2005 M/W : 0.80 (0.40, 1.50)
Oh 2005 M : 0.96 (0.56, 1.67)
Birmann 2007 M | 1.00 (0.40, 2.20)
Birmann 2007 W [ —— 1.60 (1.00, 2.70)
Engeland 2007 M ! 1.14 (1.06, 1.22)
Engeland 2007 W 1.12 (1.03, 1.22)
Fernberg 2007 M —a— 1.04 (0.86, 1.24)
Reeves 2007 W - 1.11 (0.96, 1.28)
Briton 2008 M —_— 1.33(0.79, 2.23)
Britton 2008 W e 0.93 (0.55, 1.56)
Pylypchuk 2009 M/W 4 1.23 (0.95, 1.58)
Séderberg 2009 M/W —_— 1.00 (0.70, 1.50)
DeRoos 2010 W e 1.03 (0.65, 1.63)
Kanda 2010 M/W : 0.79 (0.45, 1.38)
Lu 2010 W _— 0.83 (0.53, 1.31)
Troy 2010 M S B — 1.46 (0.95, 2.27)
Troy 2010 W ——— 1.44 (0.89, 2.34)
Overall ¢ 1.12 (1.07, 1.18)

l
T \ T T T
4 7 112 2 4

Fig. 2 - Relative risk estimates of multiple myeloma incidence for overweight versus normal weight, for individual studies
(men and women separately when available) and all studies combined. Squares indicate study-specific relative risk estimates
(size of the square reflects the study-specific statistical weight, i.e. the inverse of the variance); horizontal lines indicate 95%
confidence intervals; diamond indicates the summary relative risk estimate with 95% confidence interval. Test for
heterogeneity: Q = 14.87, p = 0.73, I? = 0.0%. M = men; W = women.

Relative

Author Year Sex Risk (95% ClI)

Friedman 1994 M ] > 1.92 (0.92, 4.01)
Friedman 1994 W € - ; 0.75(0.37, 1.53)
Blair 2005 W - 1.50 (0.92, 2.60)
Maclnnis 2005 M/W } 1.00 (0.50, 2.10)
Birmann 2007 M ; > 2.40 (1.00, 6.00)
Birmann 2007 W + 1.20 (0.70, 2.20)
Engeland 2007 M - 1.28 (1.10, 1.47)
Engeland 2007 W - 1.31 (1.16, 1.48)
Fernberg 2007 M e e 0.70 (0.46, 1.06)
Reeves 2007 W T 1.16 (0.95, 1.42)
Britton 2008 M —_— 1.17 (0.80, 1.72)
Briton 2008 W — 1.06 (0.72, 1.58)
Pylypchuk 2009 M/W —_— - 1.13 (0.68, 1.88)
Séderberg 2009 M/W } - 2.10 (1.10, 3.70)
De Roos 2010 W - ; 0.73 (0.43, 1.23)
Kanda 2010 M/W¢ : 0.76 (0.18, 3.20)
Lu 2010 W - ; 0.86 (0.48, 1.55)
Troy 2010 M : 1.68 (1.02, 2.77)
Troy 2010 W ‘ 1.71 (1.02, 2.87)
Overall <> 1.21 (1.08, 1.35)

T T f T T

4 T

112 2

4

Fig. 3 - Relative risk estimates of multiple myeloma incidence for obesity versus normal weight, for individual studies (men
and women separately when available) and all studies combined. Squares indicate study-specific relative risk estimates (size
of the square reflects the study-specific statistical weight, i.e. the inverse of the variance); horizontal lines indicate 95%
confidence intervals; diamond indicates the summary relative risk estimate with 95% confidence interval. Test for
heterogeneity: Q = 27.31, p = 0.07, I” = 34.1%. M = men; W = women.
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between-study variability. We checked for nonlinearity of the
dose-response relationship between BMI and multiple myelo-
ma by estimating polynomial models. This was done by using
the ‘pool-first’ method described by Greenland and Longneck-
er.> We found that the best-fitting model was a linear model.

Statistical heterogeneity among studies was evaluated by
using the Q and I? statistics.’® Potential publication bias was
assessed with the Egger regression asymmetry test.'® All

statistical analyses were performed with Stata software,
version 10 (StataCorp, College Station, Texas). P <0.05 was
considered statistically significant.

3. Results

A flowchart of the identification of relevant studies is shown
in Fig. 1. Briefly, a total of 302 articles were identified by

Relative

Author  Year Sex Risk (95% CI)
Calle 2003 M 1.18 (1.01, 1.39)
Calle 2003 W # 1.12(0.93, 1.34)
Chiu 2006 M > 1.61(0.63, 4.13)
Chiu 2006 W E > 2.06 (0.54, 7.83)
Khan 2006 M € - i 0.67(0.26, 1.71)
Khan 2006 W E 0.70(0.34, 1.75)
Reeves 2007 W —-— 1.21(1.00, 1.47)
Parr 2010 M/W —I——E— 0.87 (0.54, 1.41)
Overall <;> 1.15(1.04, 1.27)

T T E T T T

3 6 11.2 2 4

Fig. 4 - Relative risk estimates of multiple myeloma mortality for overweight versus normal weight, for individual studies
(men and women separately when available) and all studies combined. Squares indicate study-specific relative risk estimates
(size of the square reflects the study-specific statistical weight, i.e. the inverse of the variance); horizontal lines indicate 95%
confidence intervals; diamond indicates the summary relative risk estimate with 95% confidence interval. Test for
heterogeneity: Q = 5.67, p = 0.58, I? = 0.0%. M = men; W = women.

Relative
Risk (95% CI)

1.48 (1.16, 1.90
1.46 (1.16, 1.84

1.62(0.63, 4.19

)
)
)
)

> 4.11 (1.45, 11.64)
1.63 (1.28, 2.08)

Author Year Sex
Calle 2003 M ~.—
Calle 2003 W E B
Chiu 2006 M -
Chiu 2006 W
Khan 2006 W .
Reeves 2007 W —.—
Par 2010 M/W -
Overall <>
N :

1.20 (0.59, 2.43)

(
(
(
1.97 (0.51, 7.53
(
(
(
1.54 (1.35, 1.76)

S5 7 1

T T T

3 5 8

Fig. 5 — Relative risk estimates of multiple myeloma mortality for obesity versus normal weight, for individual studies (men
and women separately when available) and all studies combined. Squares indicate study-specific relative risk estimates (size
of the square reflects the study-specific statistical weight, i.e. the inverse of the variance); horizontal lines indicate 95%
confidence intervals; diamond indicates the summary relative risk estimate with 95% confidence interval. Test for
heterogeneity: Q = 4.53, p = 0.61, > = 0.0%. M = men; W = women.
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searching the databases, 71 duplicated articles in the two dat-
abases and 209 articles that did not meet the selection criteria
were excluded after screening of abstract and/or title. The
remaining 22 articles and four additional articles’’~%° identi-
fied from reference lists were obtained for full-text review.
Among these, two were letters or comments not reporting
new results,’>??> and one was a letter reporting results from
a case-control study.?® In addition, one review article,?* two
articles that defined obesity based on hospital diagnosis and
thus did not determine BMI,'"** and one article reporting re-
sults from the same study population as another study*® were
excluded. The remaining 19 prospective cohort studies were
included in the meta-analysis.®%1920:26-36

The included studies were published between 1994 and
2010 and involved a total of 7,154,881 participants, 8,982 inci-
dent multiple myeloma cases, and 1,845 multiple myeloma
deaths (Table 1). The outcome was incidence of multiple
myeloma in 14 studies®”**19263% gnd mortality from multi-
ple myeloma in four studies.'®?*3%3¢ One study reported re-
sults for incidence of and mortality from multiple myeloma
separately.® Eight studies were conducted in the United
States,> 1126273535 gix in Europe,”®%3! three in Asia®3%3¢
and one in Australia.’ In addition, one study was a pooling
project involving 39 cohorts in the Asia-Pacific region.?® All
studies reported RRs adjusted for age and sex, eight for
smoking/tobacco use,®#10:20:28:32.35 gix for education or socio-
economic status,® 0193435 five for race/ethnicity,®'%33-> four
for alcohol®®'°32 and four for physical activity/exer-
cise.®®1%27 Weight and height were assessed by direct mea-
6.7,9.11,19.2935 and by self-report in
eleven studies.®06728303436 Agsessment methods used in
the individual cohorts included in the Asia-Pacific pooling
project were not reported in the article.?® All but two stud-
ies'™® used BMI categories matching the World Health
Organization (WHO) definitions of overweight and/or obesity

surements in seven studies

(i.e. BMI 25.0-29.9 and BMI >30). For the reference category,
seven studies used the WHO definition of normal weight
(i.e. BMI 18.5-24.9),7:10:20:28.51,34.36 yhereas other studies used
a narrower BMI range®®2%3233 or an open-ended BMI category
potentially including underweight ®*19.27:29.30.35

Overall, both overweight and obesity were statistically sig-
nificantly associated with elevated multiple myeloma inci-
dence and mortality. Figs. 2 and 3 show study-specific (for
men and women separately when available) and summary
RR estimates of multiple myeloma incidence for overweight
and obesity compared to normal weight (overweight: sum-
mary RR, 1.12; 95% CI, 1.07-1.18; obesity: summary RR, 1.21;
95% CI, 1.08-1.35). Figs. 4 and 5 show the corresponding RR
estimates of multiple myeloma mortality (overweight: sum-
mary RR, 1.15; 95% CI, 1.04-1.27; obesity: summary RR, 1.54;
95% CI, 1.35-1.76). There was indication of heterogeneity only
among results for obesity in relation to multiple myeloma
incidence, although not statistically significant (p=0.07,
I? = 34.1%). Summary RR estimates of multiple myeloma inci-
dence remained statistically significant after exclusion of the
large study by Engeland et al.” (overweight: RR, 1.11; 95% ClI,
1.02-1.20; obesity: RR, 1.17; 95% CI, 1.01-1.37).

On a continuous scale, a 5 kg/m2 increase in BMI was asso-
ciated with a 12% and 21% increased risk of multiple myeloma
incidence and mortality, respectively (Table 2). The summary
RR did not differ appreciably between men and women,
between studies conducted in different geographic regions,
between studies based on self-report and direct measure-
ments of weight and height, or between studies with different
follow-up periods (Table 2). For the five studies that included
only participants aged >50 years at baseline,®92¢3%3% the
summary RR for multiple myeloma incidence was 1.13 (95%
Cl, 1.02-1.26). Analysis limited to the seven studies®**>*
multiple myeloma incidence published after the two previous
meta-analyses resulted in a summary RR of 1.09 (95% CI,

on

Table 2 - Summary relative risks of multiple myeloma incidence and mortality for an increment of 5 kg/m? in body mass

index.

Multiple myeloma incidence

Multiple myeloma mortality

Studies (n) RR (95% CI)

P for heterogeneity

Studies (n) RR (95% CI) P for heterogeneity

All studies 15 1.12 (1.08-1.16) 0.41
Sex
Men 8 1.15 (1.05-1.25) 0.29
Women 10 1.10 (1.05-1.15) 0.45
Geographic region®
United States 6 1.14 (1.02-1.27) 0.26
Europe 6 1.12 (1.07-1.16) 0.39
Asia 2 1.02 (0.67-1.57) 0.26
Assessment of weight and height
Self-reported 9 1.13 (1.04-1.23) 0.19
Measured 6 1.12 (1.08-1.16) 0.61
Follow-up time
<10 years 2 1.07 (0.98-1.18) 0.90
10-19 years 9 1.12 (1.01-1.25) 0.19
>20 years 4 1.12 (1.07-1.18) 0.39

5 1.21 (1.13-1.30) 0.72
2 1.23 (1.09-1.39) 0.60
3 1.22 (1.13-1.32) 0.37
2 1.20 (1.11-1.29) 0.86
1 1.33 (1.15-1.52) -

2 1.08 (0.85-1.36) 0.62
1 1.38 (0.90-2.13) -

4 1.21 (1.13-1.29) 0.51
2 1.20 (0.95-1.54) 0.12
2 1.19 (1.10-1.29) 0.87
1 1.38 (0.89-2.13) -

# One study from Australia was excluded from the stratified analysis.




EUROPEAN JOURNAL OF CANCER 47 (20I11) 1606-1615

1613

0.98-1.22). The Egger test showed no evidence of publication
bias for multiple myeloma incidence (p =0.77) or mortality
(p=0.34).

4, Discussion

Findings of this meta-analysis of prospective cohort studies
are consistent with results from previous meta-analyses, sup-
porting the suggested positive association of overweight and
obesity with multiple myeloma. In addition, this is the first
meta-analysis of the relationship between BMI and multiple
myeloma mortality, suggesting a positive association of larger
magnitude than that of the association between BMI and mul-
tiple myeloma incidence. However, the small number of stud-
ies of multiple myeloma mortality is insufficient to confirm a
stronger association for mortality than for incidence. The
associations did not differ substantially by sex, geographical
region, assessment of height and weight, follow-up time or
age. Compared to the two previously published meta-analy-
ses,*® meta-analysis limited to the seven subsequently pub-
lished studies on multiple myeloma incidence resulted in a
somewhat weaker association.

Strength of this meta-analysis is that the assessment was
based on data from prospective cohort studies only, which are
less susceptible to recall and selection bias than retrospective
case-control studies. There are also potential limitations of
our findings. First, a meta-analysis of observational studies
cannot solve potential problems with confounding in the
individual studies, which may introduce bias. For multiple
myeloma mortality, the included studies covered a large per-
iod of time, and improved treatment strategies for multiple
myeloma over time may have affected the results. In fact,
none of the studies was adjusted for treatment. Because few
risk factors for multiple myeloma have been established,
there is also the potential of unknown confounding. Adjust-
ment for variables other than age and sex varied considerably
among the included studies. We assessed how unknown con-
founding could have affected the results®” by using the Stata
command by Orsini et al.*® Assuming that the prevalence of
the confounder was 30% among those who were obese and
20% among normal weight individuals and that the con-
founder is associated with 50% increased risk of multiple
myeloma, the RR for the association between obesity and
multiple myeloma would be attenuated from 1.21 to 1.16.
Hence, the unknown confounder must be both strongly corre-
lated with the exposure (in this case excess body weight) and
with the outcome (multiple myeloma) to produce a spurious
association. Second, non-differential misclassification of
BMI, due to reliance on a single assessment of weight, may
have attenuated risk estimates. Only one study regularly up-
dated information on weight.?” In addition, reliance on self-
reported height and weight in a majority of the studies may
also have attenuated the estimates, as self-report tends to
underestimate BMI.* Third, heterogeneity among results
may have been introduced because the individual studies
used different cut points for BMI categories, particularly the
cut points for the reference category differed among studies.
Further, depending on the influence of underweight on multi-
ple myeloma risk, the different reference categories could

potentially have an impact on the observed associations.
However, none of the studies that included a BMI category
in the underweight range below the reference category found
statistically significant associations between underweight
and multiple myeloma incidence or mortality.5®7:2%3933 I
addition, the association between increasing BMI and multi-
ple myeloma was supported using a dose-response approach,
which is not dependent on cut-points. Finally, because stud-
ies with null results and small sample sizes tend not to be
published, publication bias, which may overestimate the
summary RR, could be of concern. However, we found no evi-
dence of publication bias in this meta-analysis.

The mechanisms explaining the observed association be-
tween excess body weight and multiple myeloma are not
yet established. Most stages of the disease occur within the
bone marrow, and the bone marrow microenvironment is re-
quired for its development.*® The tumour cells are dependent
on various types of surrounding cells, and the importance of
adipocytes has become increasingly clear.*! A plausible expla-
nation is that overweight and obese individuals have elevated
levels of the pro-inflammatory cytokine interleukin-6 (IL-6),
which is in part produced by adipocytes.*? IL-6 is known to
be a potent myeloma cell growth factor, and IL-6 levels have
also been shown to predict disease severity in multiple mye-
loma patients.*? Levels of adiponectin, another inflammatory
mediator secreted by adipocytes, are decreased with increas-
ing overweight** and have been associated with a lower risk
of multiple myeloma.* Further, elevated levels of insulin-like
growth factor 1 (IGF-1), associated with the chronic hyperins-
ulinemic state in obesity, have been shown to stimulate mye-
loma cell proliferation and inhibit apoptosis.*®

BMI is a limited measure, as it does not provide informa-
tion about fat distribution. Many of the complications associ-
ated with obesity have been shown to be closely related to
central obesity, whereas peripheral obesity is much less
harmful.¥’ Four of the studies included in this meta-analysis
examined the relationship of central obesity, measured by
waist circumference and waist-to-hip ratio, with risk of multi-
ple myeloma.?®?%2%33 One study observed a twofold higher
risk among subjects in the highest tertile of waist circumfer-
ence.”® Conversely, three studies observed no association
with waist circumference, and none of the studies observed
any association with waist-to-hip ratio.

Early adult BMI may represent lifetime body size better
than measurements at cohort entry. Three of the four studies
that reported on the relationship between self-reported BMI at
different ages prior to baseline and risk of multiple myeloma
observed no associations.”*%*? One study observed a larger in-
crease in multiple myeloma risk associated with obesity at age
20 than with obesity at baseline.>* In addition, four studies
reported on the association between weight change and
multiple myeloma.>*"3%3* One observed a weak positive asso-
ciation with weight gain of least 4 kg per 10 years,** whereas
one observed a reduction in risk associated with a weight gain
of at least 0.3 kg per year among black women. Other associa-
tions were not statistically significant.®*°

In conclusion, results from this meta-analysis are in line
with previous evidence of a positive association between ex-
cess body weight and risk of multiple myeloma. These find-
ings suggest that multiple myeloma incidence and mortality
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may in part be prevented by maintaining a healthy body
weight.
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