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Obesity Is Associated With Increased Relative
Risk of Diffuse Large B-Cell Lymphoma:
A Meta-Analysis of Observational Studies
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Samir Dalia,4 Joanna Mitri5

Abstract
Our study aimed at evaluating the relation, if any, between obesity and diffuse large B-cell lymphoma (DLBCL).
We pooled and analyzed data from 16 studies accounting for approximately 7500 cases of DLBCL. We found an
approximately 30% increase in the relative risk of DLBCL in obese individuals; this increase was consistent
among men and women.
Background: The relation between body mass index (BMI) and incidence of diffuse large B-cell lymphoma (DLBCL)
has been suggested, but no systematic review has been undertaken. Material and Methods: We performed
a literature search through December 2012. Meta-analyses were performed to quantify the relative risk (RR) of DLBCL
incidence in overweight and obese persons compared with normal weight individuals using the random-effects model.
Subset analyses were performed according to study design, sex, and geographic region. Overweight was defined
as a BMI 25 to 29.9 kg/m2, and obesity was defined as a BMI of 30 kg/m2. Meta-regression, using an unrestricted
maximum likelihood model, was performed to evaluate the linear association between BMI and odds of DLBCL.
Results: Our study included 6 case-control and 10 cohort studies. The RR of DLBCL in overweight individuals was
1.14 (95% confidence interval [CI], 1.04-1.24; P ¼ .004), and in obese individuals, RR was 1.29 (95% CI, 1.16-1.43;
P < .001). The RR of DLBCL in overweight men and women was 1.22 and 1.27, respectively. In overweight individuals,
both prospective and case-control studies showed an RR of 1.13. The RR of DLBCL in obese men and women was
1.40 and 1.34, respectively. In obese individuals, the RR in prospective studies was 1.25 and in case-control studies
it was 1.33. Meta-regression analysis showed a 14% increase in DLBCL incidence for each 10 kg/m2 increase in BMI.
Conclusion: An increased BMI is associated with higher RR of DLBCL regardless of sex. Also, there seems to be a
linear association between BMI and DLBCL incidence.
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Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common

non-Hodgkin lymphoma subtype, accounting for approximately
25% to 30% of cases in Western countries.1,2 Although few specific
risk factors for DLBCL have been described—eg, HIV infection
and autoimmune conditions among others—a definitive cause
cannot be found in the large majority of cases. Hence, it is likely
that other more subtle risk factors could be at play.

Overweight and obesity have emerged as risk factors for a variety
of malignancies.3 Based on standard criteria, overweight is defined
by a body mass index (BMI) between 25 and 29.9 kg/m2, whereas
obesity is defined as a BMI of � 30 kg/m2.4 Previous studies
evaluating the association between obesity and DLBCL have
rendered inconclusive results because some studies have shown a
positive association,5,6 whereas others have shown mixed results.7,8

As long as the events on the exposed population are rare, the relative
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risk (RR) from prospective cohort studies and the odds ratio (OR)
from case-control studies are virtually equivalent.9 Hence, the
combination of such studies is statistically sound and could provide
additional information about the relation between BMI and
DLBCL by increasing the study sample size.

Using a meta-analysis of case-control and cohort studies, the
main objective of our study was to evaluate and quantify the asso-
ciation that overweight and obesity could have with the incidence of
DLBCL. Additionally, secondary objectives looked to assess the
effect that BMI has in the incidence of DLBCL according to study
design, sex, and geographic region.

Material and Methods
Literature Search, Data Gathering, and Quality
Assessment

A literature search using PubMed, EMBASE, and the Cochrane
Database for Systematic Reviews through December 31, 2012 was
performed. The key search was (obesity OR overweight OR “body
mass index” OR BMI) AND lymphoma. Reference lists of each
selected study and published meta-analyses were reviewed looking
for missing studies. An article was relevant if it contained data from
an epidemiologic study reporting on the association between BMI
and incidence of DLBCL in adults, regardless of the language in
which it was written. If there were multiple publications from the
same study, the most recent or relevant (or both) was selected using
older publications for methodology. If a publication included data
on multiple studies (pooled analysis), data from each separate study
was used, whenever possible. Cross- sectional studies, narrative re-
views, letters to the editor, and editorials were excluded. Abstracts
from scientific conferences were not included.

For case-control studies, we extracted author, year of publication,
country or region of origin, sample size, inclusion and exclusion
criteria for cases and controls, methods of ascertainment of obesity
and DLBCL, the outcome measured (OR) and the variables used
for matching, if applicable. For cohort studies, we also extracted the
source of the exposed and unexposed cohorts, years of follow-up,
the source of expected incidence, the outcome measured (RR),
and the variables used for adjustment, if applicable. For the ascer-
tainment of DLBCL, we included studies that classified DLBCL
cases based on the World Health Organization (WHO) or the
Revised European American Lymphoma (REAL) classification. For
missing information, attempts were made to contact the authors of
the original studies.

The quality of the studies was assessed using the Newcastle-
Ottawa Scale (NOS).10 Empirically, we assigned scores of 7 to 9
for high-, 4 to 6 for intermediate-, and 1 to 3 for low-quality
studies. Literature search (RRI, JJC), study selection (RRI, JJC),
data gathering (RRI, JRL, MF, SD), and quality assessment (RRI,
JRL, MF, SD) were performed independently. Any discrepancies
between reviewers were addressed by a joint reevaluation of the
article with the principal investigator. The results of this meta-
analysis are presented in accordance with the checklist proposed
by the Meta-analysis of Observational Studies group.11

Data Analysis
Based on WHO criteria, overweight was defined as a BMI

between 25 and 29.9 kg/m2, and obesity was defined as a BMI

of � 30 kg/m2. The primary outcome measured was the maximally
adjusted RR with 95% confidence interval (95% CI) of the devel-
opment of DLBCL in overweight and obese individuals when
compared with individuals with normal BMIs, which was defined
as < 25 kg/m2. The random-effects model (DerSimonian-Laird
method) was used to estimate the outcome of interest.12 Heteroge-
neity was assessed using the I2 index.13 I2 values of 25%, 50%, and
75% are consistent with mild, moderate, and severe heterogeneity,
respectively. Publication bias was identified by direct observation
of funnel plots14 and measured by the trim-and-fill method, which
estimates the potential effect that nonpublished (imputed) studies
might have had on the outcome.15 The actual RR values are reported
throughout the article unless otherwise noted. Meta-regression
analysis using the unrestricted maximum likelihood method was
used to assess the linear relation between BMI as a continuous
variable and the incidence of DLBCL. The value in kilograms per
meter squared assigned to each category was the midpoint for closed
categories.16 For open categories, we assumed lowest and highest
BMI at 16 and 50 kg/m2, respectively. Such a BMI range would
include at least 95% of the population within the United States.17

All calculations and graphs were obtained using Comprehensive
Meta-Analysis, version 2 (Biostat Inc, Englewood, NJ).

Results
Search Results

Our PubMed search rendered 560 articles, from which we
included 16 epidemiologic studies, 6 case-control studies,8,18-22 and
10 prospective cohort studies.5,6,23-30 The search flow is shown
in Figure 1. Our search on EMBASE and the Cochrane Database

Figure 1 Search Strategy

Abbreviation: DLBCL ¼ diffuse large B-cell lymphoma.
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Table 1 Main Characteristics of Cohort Studies Evaluating the Association Between Body Mass Index and the Incidence of DLBCL

Author (Year) Source Cohort (Region)
Total Cohort
(No. Cases)

Follow-Up
(Enrollment) (Years) DLBCL Ascertainment

BMI
Ascertainment Adjustments NOS

Cerhan (2002) Iowa Women’s Health Study, US 37,931 (137) 13 (1986-1998) Iowa Cancer Registry Self-reported Age 8

Lim (2007) NIH-AARP Diet and Health Study, US 473,984 (346) 5 (1995-2000) Cancer Registry Data and Cause
of Death Registry

Self-reported Age, sex, ethnicity, alcohol intake,
physical activity

8

Britton (2008) EPIC cohort, Europe 371,983 (144) 9 (1993-1998) Population cancer registries or
active follow-up

Measured Age, study center 9

Maskarinec (2008) Multiethnic cohort, Hawaii and
California, US

193,051 (284) 10 (1993-1996) Hawaii, Los Angeles and California
cancer registries

Self-reported Age, ethnicity, education,
alcohol intake

8

Lu (2009) California Teachers’ Study, US 121,216 (155) 11 (1995-2007) California cancer registry Self-reported Age, ethnicity, alcohol intake 7

Pylypchuk (2009) Netherlands Cohort Study on Diet
and Cancer, the Netherlands

120,852 (224) 13 (1986) Netherlands cancer and pathology
registry

Self-reported Age, sex 8

Troy (2010) NCI Prostate, Lung, Colorectal, and
Ovarian cancer screening trial, US

142,982 (215) 9 (1993-2001) Self-reported with screening center
confirmation

Self-reported Age, sex, ethnicity, education 7

Kabat (2012) Womens’ Health Initiative
Observational Study, US

158,975 (302) 11 (1993-1998) Self-reported with centralized
verification of medical records
and pathology reports

Self-reported Age, alcohol history, smoking
history, education, caloric
intake, ethnicity

9

Nagel (2012) Me-Can project, Austria, Norway
and Sweden

575,386 (195) 11-13 (1972-2005; variable) National cancer registries, Austria,
Norway, and Sweden

Measured Age, sex, smoking history 9

Patel (2013) American Cancer Society Cancer
Prevention Study-II Nutrition
Cohort, US

152,423 (443) 15 (1992-2007) Self-reported and confirmed by
medical records or linkage with
state cancer registries

Self-reported Age, family history, alcohol history,
education, smoking history,
physical activity

9

Abbreviations: BMI ¼ body mass index; DLBCL ¼ diffuse large B-cell lymphoma; NCI ¼ National Cancer Institute; PLCO ¼ Prostate, Lung, Colorectal, and Ovarian; NIH-AARP ¼ National Institutes of Health-American Society of Retired Persons; NOS ¼ Newcastle-Ottawa scale.
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of Systematic Reviews did not provide additional studies. Case-
control studies accounted for 4904 cases and 25,084 controls,
whereas prospective cohort studies accounted for 2445 cases iden-
tified in a cohort of > 2.3 million individuals. Characteristics of the
studies included in our meta-analysis are shown in Tables 1 and 2.

Overweight and DLBCL
Overweight individuals had an RR of 1.14 (95% CI, 1.04-1.24;

P ¼ .004) for the development of DLBCL when compared with
normal weight individuals. The RR in prospective studies was 1.13
(95% CI, 1.02-1.25; P ¼ .02) and in case-control studies it
was 1.13 (95% CI, 0.98-1.32; P ¼ .10). The RR of DLBCL was
significantly increased in overweight women (RR, 1.22; 95% CI,
1.07-1.38; P ¼ .002) as well as men (RR, 1.27; 95% CI, 1.09-1.47;
P ¼ .002). RR was significantly increased in American (RR, 1.15;
95% CI, 1.05-1.25; P ¼ .002) and Asian (RR, 1.31; 95% CI,
1.10-1.55; P ¼ .002) individuals, but not in Europeans (RR; 1.05;
95% CI, 0.84-1.32; P ¼ .44). Heterogeneity and publication bias
assessments with imputed RRs are shown in Table 3. Forest plots
are shown in Figure 2.

Obesity and DLBCL
For obese individuals, the RR of DLBCL was 1.29 (95%

CI, 1.16-1.43; P < .001) when compared with individuals with
normal BMIs. The RR in obese women was 1.33 (95% CI,
1.14-1.56; P < .001), and in obese men the RR was 1.25 (95% CI,
1.08-1.45; P ¼ .003). The RR in prospective studies was 1.25
(95% CI, 1.08-1.48; P ¼ .003) and in case-control studies it was
1.33 (95% CI, 1.14-1.56; P < .001). The RR was significantly
increased in American (RR, 1.37; 95% CI, 1.23-1.51; P < .001)
and Asian (RR, 1.36; 95% CI, 1.08-1.70; P ¼ .008), but not in
European studies (RR 1.08; 95% CI, 0.77-1.51; P ¼ .65). Het-
erogeneity and publication bias assessment with imputed RRs
are shown in Table 4. Forest plots are shown in Figure 3.

Meta-Regression
Meta-regression analyses showed a relative OR (rOR) of DLBCL

incidence of 1.014 per kg/m2 of BMI with a significant linear
association (P ¼ .03) (Fig. 4). Based on our model, the rOR is 1.00
(reference) at a BMI of approximately 20 kg/m2, and the rOR
of DLBCL would increase by 14% per 10 kg/m2 increase in BMI.
Hence, the increase in rOR of DLBCL in individuals with BMIs
of 30 and 40 kg/m2 would be 14% and 28%, respectively. No linear
association was found in women (P ¼ .76), but there was a trend for
an association in men (P ¼ .07) (data not shown). A linear asso-
ciation was seen in American individuals (P ¼ .01), and there
was a trend in Asian individuals (P ¼ .06), but no association was
identified in European individuals (P ¼ .46) (data not shown).

Discussion
In recent years, several epidemiologic studies have looked deeper

into the cause of lymphomas. Lymphomas are a very heterogeneous
group of diseases characterized by the uncontrolled malignant
growth of immature and mature lymphocytes. Given the biological,
clinical, pathologic, and genetic heterogeneity associated with
the development of lymphomas, it is likely there is an inherent
heterogeneity in their cause as well. As support to this paradigm, Ta
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a variety of viral and bacterial infections and chronic inflammatory
and autoimmune processes, among other conditions, have been
associated with specific types of lymphoma.

Overweight and obesity have emerged as risk factors for a variety
of hematologic malignancies.31-33 Using a meta-analysis of case-
control and cohort studies, our study aimed to evaluate the rela-
tion between BMI and risk of DLBCL. Based on the results of our
meta-analysis, overweight and obese individuals have approximately
a 15% and 30% higher risk for the development of DLBCL,

respectively, than do individuals with normal BMIs. Overall, the
results are consistent when evaluating prospective cohort and
case-control studies separately, with mild to moderate heterogeneity.
The odds of the incidence of DLBCL appear increased in both men
and women. Finally, the risk of DLBCL appears increased in
overweight and obese individuals from American and Asian studies.
There was no increased risk of DLBCL seen in European studies.
Meta-regression analyses showed a linear association between BMI
and DLBCL. However, our analysis by sex did not reach statistical

Table 3 Outcome Estimates on the Association Between Overweight and DLBCL According to Study Design, Sex, and Geographic
Region

Overweight No. Studies RR (95% CI) P Value I2 (%)
No. Imputed
Studies

Adjusted RR
(95% CI)a

All Studies 16 1.14 (1.04-1.24) .004 33 6 e right 1.24 (1.12-1.37)

Study Design

Case-control 6 1.13 (0.98-1.32) .10 59 e e

Cohort 10 1.13 (1.02-1.25) .02 0 1 e right 1.13 (1.03-1.25)

Sex

Male 6 1.27 (1.09-1.47) .002 0 2 e right 1.34 (1.11-1.60)

Female 11 1.22 (1.07-1.38) .002 0 2 e right 1.23 (1.09-1.39)

Geographic Region

US 10 1.15 (1.05-1.25) .002 0 4 e right 1.22 (1.10-1.36)

Asia 3 1.31 (1.10-1.55) .002 0 e e

Europe 5 1.05 (0.84-1.32) .44 64 e e

Abbreviations: CI ¼ confidence interval; DLBCL ¼ diffuse large B-cell lymphoma; RR ¼ relative risk.
aAdjusted for publication bias analysis.

Figure 2 Estimate of the Relative Risk (RR) of the Incidence of Diffuse Large B-Cell Lymphoma (DLBCL) in Overweight Individuals

Abbreviation: CI ¼ confidence interval.

BMI and DLBCL Meta-Analysis
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significance in men or women. There also was a linear association
between BMI and DLBCL in American studies but not in Asian
or European studies.

Obesity is a chronic inflammatory condition, which is charac-
terized by an increased production of proinflammatory adipocyto-
kines, hyperinsulinemia, and elevated levels of insulin-like growth
factors, which have been associated with abnormalities in

hematopoietic cell proliferation, differentiation, and apoptosis.34,35

There is also evidence that the bone marrow microenvironment
plays a key role in the initiation and maintenance of hematologic
malignancies.36 More recently, it has been shown that DLBCL cells
lines depend on fatty acids for their survival and that fatty acid
metabolism could be a potential therapeutic target for DLBCL.37,38

Hence, the relationship between obesity and DLBCL is biologically

Table 4 Outcome Estimates on the Association Between Obesity and DLBCL According to Study Design, Sex, and Geographic Region

Obesity No. Studies RR (95% CI) P Value I2 (%)
No. Imputed
Studies

Adjusted RR
(95% CI)a

All Studies 16 1.29 (1.16-1.43) <.001 32 4 e right 1.36 (1.21-1.53)

Study Design

Case-control 6 1.33 (1.14-1.56) <.001 40 e e

Cohort 10 1.25 (1.08-1.45) .003 27 2 e right 1.31 (1.12-1.53)

Sex

Male 6 1.40 (1.00-1.95) .047 55 e e

Female 11 1.34 (1.16-1.54) <.001 0 1 e right 1.36 (1.18-1.57)

Geographic Region

America 10 1.37 (1.23-1.51) <.001 0 4 e right 1.48 (1.32-1.66)

Asia 3 1.36 (1.08-1.70) .008 0 1 e right 1.37 (1.10-1.71)

Europe 5 1.08 (0.77-1.51) .65 69 1 e right 1.16 (0.84-1.59)

Abbreviations: CI ¼ confidence interval; DLBCL ¼ diffuse large B-cell lymphoma; RR ¼ relative risk.
aAdjusted for publication bias analysis.

Figure 3 Estimate of the Relative Risk (RR) of the Incidence of Diffuse Large B-Cell Lymphoma (DLBCL) in Obese Individuals

Abbreviation: CI ¼ confidence interval.
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plausible. However, these are incomplete explanations, and the
actual linking mechanisms between obesity and DLBCL remain to
be elucidated.

In our study, we found a similar RR of DLBCL in obese men and
women (RR, 1.25 and 1.33, respectively). In Surveillance, Epide-
miology and End Results (SEER), the age-adjusted incidence
of non-Hodgkin lymphoma is higher in men than in women. Be-
tween 2000 and 2010, the incidence rate in men has ranged be-
tween 23 and 24 cases per 100,000 individuals and in women it has
ranged between 16 and 17 cases per 100,000 individuals.39 Based
on the most recent publication from Flegal et al, the prevalence of
obesity in women is higher than in men.17 Men then have lower
rates of obesity than do women, but they also have a higher inci-
dence of DLBCL. However, based on our study, obese men have a
slightly lower risk of DLBCL than do obese women. One could
then hypothesize that there could be a higher predisposition toward
the development of DLBCL in obese women, which deserves
further research. Such a hypothesis must be taken cautiously,
because with any subset analysis any conclusion reached could have
been biased based on sample selection or error or from chance alone.
In a recent meta-analysis from our group, we identified an increased
risk of the incidence of leukemia seen almost exclusively in obese
men.31 Conversely, the risk of myeloma seems to also be increased
in both obese men and women.33 It would be of interest to further
investigate sex disparities in the incidence of DLBCL in the context
of obesity.

There was a consistent increase in the risk of DLBCL in over-
weight and obese individuals in Asian and American studies but not
in European ones. Current evidence supports differences in the
incidence of specific lymphoma subtypes between continents.2,40,41

However, differences in lymphoma subtype distribution based on

overweight and obesity have not been previously reported. The
prevalence rate of overweight and obesity in adults varies greatly
between continents. In a recent report from the WHO,42 the
prevalence rate of overweight in the United States, Europe, and Asia
was reported as > 60%, 40% to 60%, and < 40%, respectively.
Similarly, the rates of obesity were > 30%, 10% to 30%, and <

10%, respectively. It was not unexpected that populations from
different continents experienced different risks for DLBCL based on
obesity. However, the relation between obesity and ethnicity defi-
nitely develops within the context of other environmental factors
(ie, chemical exposure, viruses, and so on), which might also modify
such risk. In a previous meta-analysis, the risk of leukemia seemed
to be increased in obese individuals regardless of their ethnicity.31

However, in another meta-analysis, the risk of myeloma seemed
to be increased in European and American individuals but not in
the Asian population.33 Taken together, there are emerging data
supporting a degree of variability in the incidence of hematologic
malignancies depending on BMI and geographic location.

Our study has several weaknesses. First, most of the studies
assessed BMI by self-report; a self-reported BMI lower than the
actual BMI could direct our results toward the unity. However,
recent epidemiologic studies have shown that self-reported BMI
does not differ statistically from measured BMI, as long as the
outcome is investigated in population-based settings and not
for individual analysis.43,44 Second, there are several potential
confounding behavioral risk factors for the development of DLBCL
associated with obesity that were partially accounted for, such as
caloric intake, diet, and other lifestyle-related factors. Diabetes, eg,
has been associated with an increase in the odds of hematologic
malignancies45; however, none of the studies included here were
adjusted based on diabetes status. Third, it is possible that other

Figure 4 Linear Regression Analysis of the Association of the log-Odds of the Incidence of Diffuse Large B-Cell Lymphoma (DLBCL)
and Body Mass Index (BMI) as a Continuous Variable
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anthropometric characteristics, such as percentage of fat, waist-
to-hip ratio, BMI at a specific age, or changes in BMI over time,
could also be of importance. Fourth, subgroup and meta-regression
analyses could have been affected by small sample size, which could
have increased the rate of false-negative results. For example, we
were able to identify a linear association between BMI and risk
of DLBCL using data from the entire group; however, when eval-
uating men and women separately, we failed to identify a statisti-
cally significant association. Finally, our results could have been
affected by ecological bias, in which individual characteristics are
inferred based on the characteristics of the group to which the in-
dividual belongs but may not necessarily apply to that individual.

Conclusion
Based on the results of our meta-analysis of epidemiologic

studies, there seems to be increased risk of DLBCL in overweight
and obese individuals. The increased risk of DLBCL is seen in both
men and women. However, we identified specific differences ac-
cording to geographic location. It is important to note that other
potential factors associated with obesity, such as diet, exercise,
diabetes or prediabetes and metabolic syndrome, among others,
might also play a role in the incidence of DLBCL. From a public
health perspective, overweight and obesity affect two thirds of the
population in the United States. Further research should focus on
investigating if by promoting weight loss or preventing overweight
and obesity, the incidence of specific cancer subtypes, including
DLBCL, could be reduced.

Clinical Practice Points
� Obesity, defined as a BMI > 30 kg/m2, has been associated with
an increased risk for several hematologic malignancies; however,
the relation with DLBCL is unclear.

� Our meta-analysis found an increase of approximately 30% in
the RR of DLBCL developing in obese individuals when
compared with individuals with normal BMIs.

� The RR of DLBCL appears increased in both obese men and
women and in American and Asian studies but not in European
studies.

� Further studies are needed to evaluate if preventing obesity or
promoting weight loss can decrease the incidence of DLBCL.
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