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We conducted a meta-analysis of prospective studies to summarise the epidemiologic evi-

dence regarding the association of body mass index (BMI) with non-Hodgkin’s lymphoma

(NHL) and Hodgkin’s lymphoma (HL) incidence and NHL mortality. Pertinent studies were

identified by searching PubMed (1966–May 2011) and the reference lists of retrieved articles.

For each study, we estimated a relative risk (RR) for a 5 kg/m2 increase in BMI. A random-

effects model was used to combine the RR estimates from individual studies. The summary

RRs for a 5 kg/m2 increase in BMI were 1.07 (95% confidence intervals (CI), 1.04–1.10) for NHL

incidence (16 studies, n = 17,291 cases) and 1.14 (95% CI, 1.04–1.26) for NHL mortality (five

studies, n = 3407 cases). BMI was significantly positively associated with risk of diffuse large

B-cell lymphoma (RR, 1.13; 95% CI, 1.02–1.26), but not other NHL subtypes. The difference in

risk estimates for subtypes was not statistically significant (P = 0.10). There was evidence of

a nonlinear association between BMI and HL (P for nonlinearity = 0.01) (five studies, n = 1557

cases). The summary RRs of HL were 0.97 (95% CI, 0.85–1.12) for overweight and 1.41 (95%

CI, 1.14–1.75) for obesity. These results indicate that BMI is positively associated with risk of

NHL and HL as well as with NHL mortality.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction the metabolism of endogenous hormones, leading to distor-
Non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma

(HL) are malignancies derived from lymphocytes (white blood

cells), which are an important part of the immune system. The

main difference between NHL and HL is in the specific lympho-

cyte each involves. In HL, the abnormal lymphocyte is the

Reed–Sternberg cell (a B lymphocyte). Other types of lympho-

mas are called NHL (about 35 recognised subtypes). The causes

of malignant lymphomas remain elusive, although various

infectious factors as well as autoimmune and chronic inflam-

matory conditions have been implicated.1,2

Obesity is related to altered immune function and a

chronic inflammatory response3 and thus may be a risk factor

for malignant lymphomas. Obesity may also cause changes in
er Ltd. All rights reserved
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tion in the normal balance between cell proliferation, differ-

entiation, and apoptosis.4 The association between body

mass index (BMI) and risk of NHL has been summarised in

two meta-analysis of studies published to November 2007.5,6

Since then, several additional prospective studies have pub-

lished results on BMI in relation to NHL incidence or mortal-

ity. Findings on the association between BMI and NHL

mortality have not been summarised previously. There is also

no meta-analysis of BMI in relation to risk of HL.

The aim of this study was to conduct an updated meta-

analysis of prospective studies to summarise the data on

BMI in relation to NHL incidence and mortality. We investi-

gated whether the association between BMI and NHL

incidence varied by subtypes. Furthermore, we performed a
.
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Table 1 – Characteristics of prospective studies of body mass index and non-Hodgkin’s lymphoma incidence or mortality and Hodgkin’s lymphoma incidence.a

Study (Refs. No.) Country Sex and age Cases� (cohort
size)

Years of
follow-up

Non-Hodgkin’s and Hodgkin’s
lymphoma classificationb

Adjustments

Incidence
Zhang et al. (1999)8 United States Women aged

34–60 years
199 (88,410) 14 ICD-8 code 202 Age, smoking, area of residence,

height, and energy intake
Cerhan et al. (2002)11 United States Women aged

55–69 years
261 (37,931) 13 Not specified Age

Oh et al. (2005)13 Korea Men aged
P20 years

NHL 190, HL 31
(781,283)

10 Not specified Age, area of residence, smoking,
physical activity, alcohol intake

MacInnis et al. (2005)15 Australia Men and women
aged 27–75 years

170 (40,909) 8.4 (mean) ICD-10 morphology codes 959,
967–971

Age, country of birth, and
education

Rapp et al. (2005)16 Austria Men and women
aged 19–94 years

84 (67,447) (M)
64 (78,484) (W),

10 ICD-9 codes 200, 202 Age, occupational group, and
smoking

Lukanova et al. (2006)18 Sweden Men and women
aged 29–61 years

54 (33,424) (M)
35 (35,362) (W),

14 Not specified Age, calendar year, and smoking

Samanic et al. (2006)19 Sweden Men aged
18–67 years

NHL 1077, HL 211
(362,552)

19 NHL ICD-7 codes 200, 202 HL
ICD-7 code 201

Age and smoking

Engeland et al. (2007)21 Norway Men and women
aged 20–74 years

NHL 4374, HL 725
(962,901) (M)
NHL 4138, HL 499
(1,037,077) (W),
23 years (mean)

40 (mean 23) Not specified Age and birth cohort

Lim et al. (2007)22 United States Men and women
aged 50–71 years

NHL 1350, HL 57
(465,858)

5.5 NHL ICD-O-2c HL ICD-O-2 codes
9650, 9652–9655, 9657–9667

Age, ethnicity, education,
smoking, height, physical
activity, alcohol and energy
intake

Reeves et al. (2007)23 United Kingdom Women aged
50–64 years

1509 (1,222,630) 5.4 (mean) ICD-10 code C82–C85 Age, geographical region,
socioeconomic status, smoking,
physical activity, reproductive
history, time since menopause,
use of hormone replacement
therapy, and alcohol intake

Britton et al. (2008)24 Europe Men and women
aged 25–70 years

470 (141,425) (M)
481 (230,558) (W)

8.5 ICD-O-2, WHO classification of
tumours of haematopoietic and
lymphoid tissues

Age, study centre, education,
and smoking

Söderberg et al. (2009)25 Sweden and
Finland

Men and women
aged 18–48
(younger cohort)
and 43–96 (older
cohort)

NHL 291, HL 34
(70,067)

34 NHL ICD-7 codes 200, 202 HL
ICD-7 code 201

Age, sex, country, education,
smoking, physical activity,
diabetes, and alcohol intake

Pylypchuk et al. (2009)26 The Netherlands Men and women
aged 55–69 years

537 (120,852) 13.3 ICD-O-3 codes 9675, 9680, 9684,
9690–9698, 9671, 9761, 9699,
9670, 9823

Age and sex
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Lu et al. (2009)27 United States Women aged
22–84 years

574 (121,216) 12 ICD-O-3 codes 9590, 9591, 9670–
9675, 9678–9699, 9727, 9823,
9832, 9835, 9836

Age, height, age at menarche,
and physical activity

Kanda et al. (2010)28 Japan Men and women
aged 40–69 years

188 (94,547) 13 (mean) ICD-O-3d Age, sex, study area, smoking,
and alcohol intake

Troy et al. (2010)29 United States Men and women
aged 55–74 years

731 (72,077) (M)
514 (70,905) (W)

8.8 (median) Not specified Age, sex, race/ethnicity, and
education

Mortality
Calle et al. (2003)10 United States Men and women

aged P30
1355 (404,576)(M)
1029 (495,477) (W)

16 ICD-9 codes 202.0–202.9 Age, sex, education, smoking,
physical activity, alcohol, marital
status, race, aspirin use, fat
consumption, vegetable
consumption, and oestrogen
replacement therapy (women)

Batty et al. (2005)14 United Kingdom Men middle-aged
(age NA)

158 (17,102) 28.1(median) ICD8/9 codes 200–203, and ICD10
codes C81–C90e

Age, employment grade,
physical activity, smoking,
marital status, disease at entry,
weight loss in the last year, blood
pressure-lowering medication,
height adjusted FEV1, triceps
skinfold thickness, systolic
blood pressure, plasma
cholesterol, glucose intolerance,
and diabetes status

Chiu et al. (2006)17 United States Men and women
aged 21–58 years
(10th and 90th
percentiles)

81 (20,314) (M)
48 (15,106) (W)

31 (mean) ICD-8 codes 200 and 202, ICD-9
codes 200, 202.0–202.2, and
202.8–202.9, and ICD-10 codes
C82–85 and C96.3

Age, race, education, smoking,
and postload glucose levels

Reeves et al. (2007)23 United Kingdom Women aged
50–64 years

535 (1,222,630) 7 ICD-10 code C82–C85 Age, geographical region,
socioeconomic status, smoking,
physical activity, reproductive
history, time since menopause,
use of hormone replacement
therapy, and alcohol intake

Parr et al. (2010)31 Asia-Pacific
region

Men and women
aged 20–107 years

201 (401,215) 4 (median) ICD-9 codes 200–202 and ICD-10
codes C81–C85f

Age, sex, study, and smoking

a Abbreviation: BMI, body mass index (the weight in kilograms divided by the square of height in metres); HL, Hodgkin’s lymphoma; ICD, International Classification of Diseases; NHL, non-Hodgkin’s

lymphoma; WHO, World Health Organization.
b When NHL and HL is not specified, the number of cases and lymphoma classification are for NHL.
c ICD-O-2 codes 9590–9595, 9670–9675, 9677, 9680–9688, 9690–9698, 9700–9709, 9710–9717, 9761, 9764, 9800–9801, 9820–9828, 9850, 9940–9941, 9970.
d ICD-O-3 codes 9675 (B), 9680, 9684, 9690, 9691, 9695, 9698, 9699, 9835, 9670, 9823, 9702, 9673, 9687, 9689, 9700, 9705, 9709, 9714, 9718, 9719, 9832, 9591.
e Cases included chronic lymphocytic leukaemia and small lymphocytic lymphoma.
f Including Hodgkin lymphoma (ICD-10 code C81).
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meta-analysis to summarise the results on BMI in relation to

HL incidence.

2. Materials and methods

2.1. Study selection

We searched the PubMed database for prospective studies

published from 1966 through May 2011, using the search

terms body mass index, BMI, overweight, or obesity combined

with lymphoma or Hodgkin’s disease. No language restric-

tions were imposed. We also performed manual searches of

references cited by relevant articles.

Studies were eligible for inclusion in this meta-analysis if

the study had a prospective design and reported relative risks

(RR) and 95% confidence intervals (CI) (or data to calculate

them) for BMI (body weight in kilograms divided by the square

of height in meters) in relation to NHL or HL incidence or mor-

tality. Cohorts consisting of patients hospitalised with a diag-

nosis of diabetes were not included. In the event of multiple

publications from the same study population, we included

the study with the largest number of cases.

We identified 25 prospective studies7–31 with data that

were potentially eligible for inclusion in the present meta-

analysis. Two studies20,30 were excluded because of overlap-

ping publications from the same study population. We further
Overall
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Fig. 1 – Relative risks of non-Hodgkin’s lymphoma incidence per

W, women. Relative risks are presented separately for men and

heterogeneity: Q = 24.34, p = 0.33, I2 = 9.6%. *For the study by Sö

(18–48 years) and the other for the older cohort (43–96 years).
excluded three studies consisting of patients hospitalised

with a diagnosis of obesity.7,9,12 This left 20 studies for analy-

sis, including 16 studies of NHL incidence,8,11,13,15,16,18,19,21–29

five studies of NHL mortality,10,14,17,23,31 and five studies on

HL incidence.13,19,21,22,25
2.2. Data extraction

For each study, the following data were extracted: first author’s

last name; publication year; country in which the study was

performed; number of cases and sample size; characteristics

of participant (sex and age); years of follow-up; method of

assessment of body weight and height (self-reported or mea-

sured); outcome classification; variables adjusted for in the

multivariable analysis; and RRs with corresponding 95% CIs.

From each study, we extracted the RRs that were adjusted for

the largest number of potential confounders.
2.3. Statistical analysis

For each study, we estimated a RR with corresponding 95% CI

for a 5 kg/m2 increase in BMI. The method proposed by Green-

land and Longnecker32 and Orsini et al.33 was used to com-

pute the trend from the correlated log RR estimates across

BMI categories. We used an increase of 5 kg/m2 in BMI, which
1.07 (1.04, 1.10)

1.08 (1.01, 1.16)

1.04 (0.87, 1.24)

0.85 (0.49, 1.47)

1.08 (0.81, 1.42)

Risk (95% CI)

1.08 (0.97, 1.21)

1.01 (0.83, 1.22)

1.19 (0.94, 1.50)
1.10 (0.88, 1.38)
1.05 (0.76, 1.45)

1.16 (1.03, 1.30)

1.07 (1.00, 1.15)

0.96 (0.86, 1.08)

1.10 (0.88, 1.38)

1.04 (0.99, 1.09)

1.05 (0.68, 1.62)

1.06 (0.92, 1.21)

1.22 (0.89, 1.69)

1.07 (1.00, 1.14)

1.70 (1.23, 2.35)

0.91 (0.75, 1.10)

Relative

1.24 (0.96, 1.58)

1.02 (0.89, 1.16)

1.18 (1.04, 1.34)
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1.08 (1.01, 1.16)

1.04 (0.87, 1.24)

0.85 (0.49, 1.47)

1.08 (0.81, 1.42)

Risk (95% CI)

1.08 (0.97, 1.21)

1.01 (0.83, 1.22)

1.19 (0.94, 1.50)
1.10 (0.88, 1.38)
1.05 (0.76, 1.45)

1.16 (1.03, 1.30)
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5 kg/m2 increase in body mass index. Abbreviations: M, men;

women wherever these data were available. Test for

derberg et al. one relative risk is for the younger cohort
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corresponds to 15.7 kg for a man of an average height (1.77 m)

and 13.5 kg for a woman (1.64 m). Study-specific RR estimates

were combined using a random-effects model.34

Statistical heterogeneity among studies was evaluated

using the Q and I2 statistics.35 For NHL incidence, we conducted

subgroup analyses by sex, geographic region, assessment of

body weight and height (self-reported versus measured),

adjustment for smoking or physical activity, and NHL subtypes.

Publication bias was assessed using the test proposed by Egger

et al.36 All statistical analyses were performed with Stata (ver-

sion 10.1; StataCorp., College Station, TX). A P-value <0.05 was

considered statistically significant.

3. Results

3.1. Non-Hodgkin’s lymphoma

The prospective studies of BMI in relation to NHL incidence

(n = 16; total 17,291 cases) and/or mortality (n = 5; total 3407

cases) were published between 1999 and 2010 (Table 1). Of

these, 10 were from Europe, seven from the United States,

three from Asia, and one from Australia. Body weight and

height were measured by researchers in nine studies13–19,21,24

and self-reported in 11 studies.8,10,11,22,23,25–29,31

When the risk estimates from all studies of BMI and NHL

incidence were combined, a 5 kg/m2 increment in BMI was

associated with a 7% increased risk of NHL (RR, 1.07; 95% CI,
Table 2 – Relative risks of non-Hodgkin’s lymphoma for a 5 kg/m

Studies (n) RR

Sex
Men 8 1.09
Women 10 1.07
Men and women 4 1.06
p-Value differenceb,c

Geographic region
Europe 8 1.06
United States 5 1.09
Asia 2 1.16
p-Value differenceb

Assessment of weight and height
Measured 7 1.05
Self-reported 9 1.09
p-Value differenceb

Years of follow-up
<12 years 6 1.06
P12 years 10 1.07
p-Value differenceb

Adjustment for smoking
Yes 10 1.07
No 6 1.07
p-Value differenceb

Adjustment for physical activity
Yes 5 1.08
No 11 1.07
p-Value differenceb

Abbreviations: BMI, body mass index; CI, confidence interval; RR, relative
a I2 is interpreted as the proportion of total variation contributed by bet
b p-Value for difference in the strength of the association across strata.
c p-Value for difference between men and women (men and women com
1.04–1.10) (Fig. 1). There was no statistically significant hetero-

geneity among studies (p = 0.33, I2 = 9.6%). Excluding the large

study by Engeland et al.21 did not change the results apprecia-

bly (RR, 1.08; 95% CI, 1.04–1.12). We found no evidence of publi-

cation bias assessed by Egger’s test (p = 0.27). There were no

statistically significant differences in the association between

BMI and NHL incidence across strata of sex, geographic area,

years of follow-up, assessment of weight and height, or adjust-

ment for smoking or physical activity (Table 2).

Six studies11,22,24,26,27,29 reported results for NHL subtypes.

Meta-analysis of these studies found that BMI was signifi-

cantly positively associated with risk of diffuse large B-cell

lymphoma but not follicular lymphoma or small lymphocytic

lymphoma and B-cell chronic lymphocytic leukaemia (Fig. 2).

The difference in risk estimates between subtypes was not

statistically significant (P = 0.10).

The association between BMI and NHL mortality are pre-

sented in Fig. 3. The summary RR of NHL mortality associated

with a 5 kg/m2 increase in BMI was 1.14 (95% CI, 1.04–1.26).

However, there was some heterogeneity among studies

(p = 0.04, I2 = 53.6%). We found no evidence of publication bias

assessed by Egger’s test (p = 0.55).

3.2. Hodgkin’s lymphoma

The five studies of BMI and incidence of HL (total of 1557

cases)13,19,21,22,25 were published between 2005 and 2009
2 increase in body mass index.

(95% CI) Tests for heterogeneity

p-Value I2a (%)

(1.04–1.14) 0.69 0
(1.02–1.13) 0.07 44.1
(1.00–1.12) 0.61 0

0.64

(1.02–1.10) 0.31 13.3
(1.04–1.14) 0.55 0
(0.98–1.37) 0.51 0

0.15

(0.99–1.11) 0.08 40.2
(1.05–1.13) 0.95 0

0.10

(0.99–1.14) 0.03 54.0
(1.04–1.10) 0.83 0

0.62

(1.02–1.11) 0.31 13.6
(1.03–1.12) 0.32 13.8

0.77

(1.04–1.12) 0.93 0
(1.02–1.11) 0.13 28.7

0.57

risk.

ween-study variation.

bined not included).
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Fig. 2 – Relative risks of non-Hodgkin’s lymphoma incidence per 5 kg/m2 increase in body mass index, stratified by subtype.

Abbreviations: CLL, B-cell chronic lymphocytic leukaemia; M, men; SLL, small lymphocytic lymphoma; W, women. Tests for

heterogeneity: Q = 11.11, p = 0.13, I2 = 37% for diffuse large B-cell lymphoma; Q = 5.95, p = 0.55, I2 = 0% for follicular lymphoma;

Q = 6.64, p = 0.47, I2 = 0% for CLL/SLL.
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(Table 1). We found evidence of a nonlinear relationship

between BMI and HL (P for nonlinearity = 0.01). Therefore, we

pooled the RRs for the overweight and obesity categories rather

than the RRs per 5 kg/m2 increase in BMI. Obesity but not over-

weight was statistically significantly associated with increased

risk of HL (Fig. 4). There was no statistically significant hetero-

geneity among studies. Excluding the large study by Engeland

et al.21 did not change the results appreciably (RR, 1.09; 95%

CI, 0.79–1.49 for overweight and RR, 1.44; 95% CI, 0.94–2.19 for

obesity). No evidence of substantial publication bias was

observed (p = 0.10 for overweight and p = 0.74 for obesity).

4. Discussion

This meta-analysis of prospective studies indicates that BMI

is weakly positively associated with risk of NHL, particularly

diffuse large B-cell lymphoma. Overall, the risk of total NHL

and diffuse large B-cell lymphoma increased by 7% and 13%

per 5 kg/m2 increment in BMI. Moreover, a 5 kg/m2 increase
in BMI was associated with a 14% increase in NHL mortality.

Obesity but not overweight was significantly positively associ-

ated with risk of HL. Given the high prevalence of overweight

and obesity, even small increases in risk of NHL and HL asso-

ciated with excess body weight have large public health

consequences.

In a previous meta-analysis of the association between

BMI and risk of NHL, including 10 prospective and six case-

control studies published to February 2007, the summary

RRs of NHL were 1.07 (95% CI, 1.01–1.14) for overweight and

1.20 (95% CI, 1.07–1.34) for obesity.5 In another meta-analysis

including nine prospective studies of NHL incidence, the

summary RRs of NHL for a 5 kg/m2 increase in BMI were

1.06 (95% CI, 1.03–1.09) in men and 1.07 (95% CI, 1.00–1.14) in

women,6 which are similar to the risk estimates observed in

the present meta-analysis.

As a meta-analysis of observational studies, our study has

several limitations that are based primarily on the quality and

availability of published studies. First, the possibility that the
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observed associations of obesity with NHL and HL were due to

bias should be considered. Because this meta-analysis was

based on data from prospective studies, selection and
non-differential recall bias was minimised. Second, individ-

ual studies may have failed to control for potential confound-

ers. All studies were adjusted for age and sex (where
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applicable). Several studies also adjusted for smoking and/or

physical activity, although these factors have only been

weakly or not associated with risk of NHL22,29,37–39 and

HL22,38,40,41 in epidemiologic studies. The observed positive

association between obesity and risk of NHL persisted in anal-

yses restricted to studies adjusting for smoking or physical

activity. Among the five studies of HL, four adjusted for smok-

ing13,19,22,25 and three for physical activity.13,22,25 However, be-

cause of the observational design of the included studies we

cannot exclude the possibility that the observed association

between excess body weight and NHL and HL may be due to

residual or unmeasured confounding. A third limitation is

that all cohort studies assessed body weight only once (at

baseline), and changes in weight during follow-up may have

attenuated the association between BMI and lymphoma risk.

Fourth, the nomenclature and classification of NHL has chan-

ged over the past 2 decades and this could introduce hetero-

geneity among studies. Evidence of significant heterogeneity

was only observed for NHL mortality. The study by Chiu

et al.17 which had a small number of cases, appeared to be

the source of heterogeneity in the analysis of BMI and

NHL mortality. Finally, as a meta-analysis of published stud-

ies, the possibility of publication bias should be considered

because small studies with null results tend not to be

published. In this meta-analysis, we found no evidence for

such bias.

There are several potential mechanisms whereby excess

body weight may increase the risk of NHL and HL. First,

obesity leads to changes in circulating levels of adipocyto-

kines, including adiponectin, resistin, and leptin. These

adipocyte-derived hormones affect insulin resistance, immu-

nity, and inflammation.3 Several autoimmune and chronic

inflammatory conditions are associated with increased risk

of NHL.2 Studies in vitro and in animal models have shown

that adiponectin have anti-inflammatory properties and re-

duces cell proliferation, whereas leptin have pro-inflamma-

tory properties and promotes the growth of some cancer

cells.3 Moreover, in vitro studies have shown that leptin

stimulates the proliferation of normal haematopoietic cells42

and circulating monocytes producing pro-inflammatory

cytokines.43

Obesity may also increase the risk of malignant lymphoma

through insulin resistance and compensatory hyperinsuline-

mia. Elevated insulin levels lead to increased bioavailable

insulin-like growth factor-I (IGF-I). IGF-I act as growth factor

that promote cell proliferation and inhibit apoptosis through

IGF-I receptor-mediated signalling mechanisms in various tis-

sues, including haematopoietic cells.44,45 It has been found

that IGF-I affects in a dose-dependent manner the prolifera-

tion of lymphoma cell lines.45

In summary, this meta-analysis of prospective studies

indicates that BMI is positively associated with risk of NHL,

especially diffuse large B-cell lymphoma. Results also showed

a significant positive association between obesity and risk of

HL. Additional studies are needed to assess whether the

association between excess body weight and NHL is limited

to diffuse large B-cell lymphoma. In addition, more studies

are warranted to establish a potential causal relationship be-

tween BMI and risk of HL.
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