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Abstract
Purpose—To evaluate the association of body mass index (BMI) and physical activity (PA)
during adulthood and at age 18 with risk of non-Hodgkin lymphoma (NHL).

Methods—We enrolled 950 newly diagnosed NHL patients and 1146 frequency-matched clinic-
based controls. Height, weight, and PA (recent adult and at age 18) were self-reported. Odds ratios
(OR), 95% confidence intervals (CI), and tests for trend were estimated using unconditional
logistic regression adjusted for age, gender, and residence.

Results—BMI at age 18 was associated with an increased NHL risk (OR=1.38 for highest vs.
lowest quartile, p-trend=0.0012), which on stratified analysis was specific to females (OR=1.90, p-
trend=0.00025). There was no association of adult BMI with NHL risk. Higher physical activity in
adulthood (OR=1.03, p-trend=0.85) or at age 18 (OR=0.88, 95%CI: 0.72–1.07) was not associated
with risk, but there was an inverse association for adult physical activity that was specific to
females (OR=0.71, p-trend=0.039). Only BMI at age 18 remained significantly associated with
NHL risk when modeled together with adult or age 18 physical activity. There was little evidence
for heterogeneity in these results for the common NHL subtypes.

Conclusions—Early adult BMI may be of greatest relevance to NHL risk, particularly in
females.
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BACKGROUND
The lifetime risk of developing non-Hodgkin lymphoma (NHL) is 1 in 44 for men and 1 in
52 for women, making this malignancy the 6th most common cancer in the United States (1–
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2). The best characterized risk factors to date are immune deficiency and immune
suppression (3–6). The incidence of NHL rose markedly over the past several decades, with
an estimated 80% increase in incidence rates between 1970 and the late 1990s (7–9).
Concurrently, the prevalence of adult obesity (body mass index (BMI) ≥30 kg/m2) in the US
has doubled between 1980 and 2002 (10), and was most recently estimated at 35.9% (11).
With an additional 33.3% of adults having BMIs between 25 and 30 kg/m2, 69.2% of the
adult US population is estimated to be overweight or obese (12). While regular physical
activity has increased slightly between 2000 and 2005, a majority of US adults remain
physically inactive (13).

Obesity has been established as a causal factor in several cancers, including breast cancer in
postmenopausal women, endometrial, kidney, and esophageal cancers (14). There is also
sufficient evidence to conclude that physical inactivity increases the risk of colon and breast
cancer (14). The exact mechanisms linking obesity and physical activity to cancer have yet
to be fully elucidated, and appear to be variable by cancer site (15). However, obesity and
associated excess adipose tissue have been associated with elevated levels of several
markers of chronic low-grade systemic inflammation, including C-reactive protein, tumor
necrosis factor alpha (TNF-α), interleukin-6 (IL-6) and leptin (16–17); decreased levels of
the proapoptotic and antiproliferative adipokine adiponectin (17); and impaired immune
function (18). Conversely, physical activity is associated with decreased weight and central
adiposity (19), as well as inhibition of proinflammatory cytokines (16).

The link between obesity and NHL risk has been evaluated in multiple epidemiologic
studies. This literature has recently been comprehensively reviewed (20), and three meta-
analyses report a weak but statistically significant association between obesity and NHL risk
(21). Fewer studies have evaluated BMI in early adulthood and NHL risk (22–32). Data are
also more limited for physical activity and NHL risk (25, 27, 30–31, 33–36), particularly in
early adulthood (27, 30). The purpose of this study was to evaluate the association of BMI,
physical activity, and NHL risk, with particular attention to the life period of exposure and
patterns of association for the most common NHL subtypes.

METHODS
Study Population

This study was reviewed and approved by the Mayo Clinic Human Subjects Institutional
Review Board, and all participants provided written informed consent. Full details of this
clinic-based case-control study conducted at the Mayo Clinic (Rochester, MN) have been
published (37). Briefly, eligible patients were within 9 months of their first lymphoma
diagnosis and ≥20 years old at the time of diagnosis; clinic-based controls were randomly
selected from a dynamic population of patients, age ≥20, who had prescheduled medical
examinations in the Mayo Clinic general medicine practices. Controls were frequency
matched to cases by 5-year age group, gender, and residence. Of the 1798 eligible cases and
1899 eligible controls recruited from 9/2002 – 2/2008, 1236 (69%) and 1315 (69%)
participated in the study, respectively. Participants with NHL (N=95 Hodgkin lymphoma
cases excluded) who completed the self-administered risk-factor questionnaire for BMI and
physical activity (950 cases, 1146 controls) were included in this analysis. Cases and
controls without a complete risk-factor questionnaire were slightly younger and slightly
more likely to be male, while there were no differences by state of residence.

Exposure Assessment
Height and weight were self-reported on the risk-factor questionnaire; weight was reported
for both the time period 2 years prior to case diagnosis/control selection (recent adult
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weight) as well as at age 18. BMI for both time periods was calculated as weight (kg)
divided by height (m) squared. For recent adult BMI we used WHO categories (38) for
analysis (<18.5 kg/m2, underweight; 18.5–24.9 kg/m2, healthy weight; 25–29.9 kg/m2,
overweight; ≥30 kg/m2, obese). BMI at age 18 was divided into gender-specific quartiles
according to the distribution among controls. Physical activity variables included duration
(average number of minutes/session) and frequency (categorical; 1–3 days/month to ≥5
days/week) of walking, mild, moderate, and strenuous physical activity two years prior to
case diagnosis or control selection (recent adult physical activity). An overall index of recent
adult physical activity was estimated by weighting the reported duration and frequency of
each physical activity intensity by the average energy requirement (defined in metabolic
equivalents; METs) to obtain an average MET-minutes/week for each participant. A MET
score of 3.0, 4.0, and 8.0 was used to weight the product of reported mild, moderate and
strenuous exercise, respectively, and the MET score for walking varied from 2.0 for casual
walking speed to 6.3 for very fast walking (39–40). Participants were also asked to self-
report regular strenuous exercise (exercise that was long enough to work up a sweat and
make your heart beat fast) at age 18 (yes or no).

Statistical Analysis
We used unconditional logistic regression to estimate odds ratios (ORs) and corresponding
95% confidence intervals (CIs) for the association of BMI and physical activity with risk of
NHL, adjusting for the design variables of age at enrollment, gender and residence. A p-
trend was calculated in unconditional logistic models assuming an ordinal relationship
among variable categories. Potential confounding variables were evaluated individually in
the age period-specific logistic regression models, and included: total energy, fat calories,
and physical activity (recent adult BMI main effect models only); and alcohol consumption,
smoking history, and family history of NHL (all models). We also evaluated potential
confounding by early life sun exposure (41) and total vegetable intake (42). Only variables
that changed the main effect OR by greater than 10% were retained in the final models. We
also evaluated these associations for the major NHL subtypes of chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL), follicular lymphoma (FL), and diffuse
large B-cell lymphoma (DLBCL) using polytomous logistic regression (43); a Wald-test was
used to assess heterogeneity across these subtypes.

In secondary analyses, we evaluated the associations of BMI (recent and early adult) and
physical activity (recent and early adult) stratified by gender. A formal test of interaction
was also calculated using a likelihood ratio test comparing models with and without an
interaction term. Finally, a series of multivariate models were evaluated to assess the relative
contribution of recent and early adult BMI and physical activity in relation to NHL risk.

Analyses were conducted using SAS software system (SAS Institute, Cary, NC; Version
9.2).

RESULTS
Cases and controls were similar with respect to age (median age 63 years for each) and
gender (58% and 53% males, respectively), residence and level of education (Table 1).
Virtually all (99%) of the participants were Caucasian. The most common NHL subtypes
were CLL/SLL (N=302), FL (N=242), and DLBCL (N=181). The overall prevalence of
overweight or obese in this study population was 41% and 27%. The correlation between
early adult and recent adult BMI was r=0.47 (p<0.0001).

We observed a stronger association of early adult BMI with overall NHL risk (OR=1.38,
95%CI: 1.08–1.76; p-trend=0.0012) as compared to recent adult BMI (OR=1.15, 95%CI:
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0.91–1.45; p-trend=0.23) (Table 2). These results were similar after restricting cases to those
who enrolled closest to diagnosis (<median time of 61 days), those presenting without B
symptoms, and those with advanced stage disease (III/IV), providing some evidence against
major recall bias or reverse causality. The strongest association for early adult BMI was with
risk of DLBCL (OR=1.77, 95%CI: 1.13–2.77; p-trend=0.004), although ORs were above 1
for the other subtypes and the test for heterogeneity among subtypes was not statistically
significant (p=0.47). When we stratified by gender for both early and recent adult BMI, we
found that the increased overall NHL risk with early adult BMI was specific to females
(OR=1.90, 95%CI: 1.29–2.79; p-trend=0.00025), with a suggestive p-interaction=0.097.
There was a similar but weaker trend also specific to females for recent adult BMI
(OR=1.27, 95%CI: 0.90–1.78; p-trend=0.17), but the interaction was not statistically
significant (p-interaction=0.53). In subtype analysis, associations for BMI at age 18 years
were specific to females for FL (OR=1.81, 95%CI: 1.01–3.25; p-trend=0.029) and CLL/SLL
(OR=1.52, 95%CI: 0.82–2.80; p-trend=0.093), while for DLBCL they were observed for
both males (OR=1.57, 95%CI: 0.87–2.83; p-trend=0.078) and females (OR=2.16, 95%CI:
1.06–4.38; p-trend=0.017). A similar, although weaker, pattern in subtype risk between
females and males was observed for recent adult BMI.

There was no association of the summary adult physical activity index with overall NHL
risk (OR=1.03, 95%CI: 0.80–1.33; p-trend=0.85) (Table 3); frequency of walking, mild,
moderate, and strenuous activity in adulthood showed no associated when evaluated
individually (data not shown). There was some suggestion of reduced NHL risk associated
with strenuous physical activity in early adulthood (OR=0.88, 95%CI: 0.72–1.07). There
was no evidence of heterogeneity by subtype for the adult physical activity index (p=0.82)
or strenuous physical activity at age 18 (p=0.93). However, after stratification by gender, we
found that there was an inverse association of recent adult physical activity among females
(OR=0.71, 95%CI: 0.47–1.07; p-trend 0.039) but not males (OR=1.37, 95%CI: 0.98–1.92;
p-trend=0.15), with overall NHL risk (p-interaction=0.059). Similarly, the weak inverse
association with overall NHL risk for strenuous physical activity at age 18 years was
observed for females (OR=0.81, 95%CI 0.61–1.07) but not males (OR=1.00, 95%CI: 0.72–
1.07), p-interaction=0.30.

We next evaluated a series of multivariate models to assess the relative importance of BMI
and physical activity, as well as timing of each exposure, with regard to overall NHL risk
and NHL risk by gender (Table 4). Models 1 and 2 evaluated the relative significance of
BMI and physical activity, each within the same life period. At age 18, physical activity was
not associated with NHL risk after adjusting for BMI (OR=1.45, 95%CI: 1.12–1.87), and
this finding was limited to females (OR=2.06, 95%CI: 1.36–3.11). For recent adult
exposures, neither BMI nor physical activity was strongly associated with NHL risk; the
decreased risk of NHL with high physical activity observed among females in the univariate
analyses remained only marginally significant in a model with BMI. Models 3 and 4
evaluated the relative significance of exposure timing (i.e., early life versus recent adult) for
BMI and physical activity, respectively. For BMI, early adult exposure was more relevant
with regard to NHL risk overall (OR=1.41, 95%CI: 1.08–1.83, p=0.0019), and even more so
for females (OR=1.82, 95%CI: 1.20–2.77, p=0.0014); neither early nor recent adult BMI
was strongly associated with NHL risk among males. When early and recent adult physical
activity were modeled simultaneously, neither was significantly associated with NHL risk.
Finally, in a model with BMI at age 18 and adult physical activity (model 5), only BMI at
age 18 remained significant, and this association remained specific to females (BMI at age
18 OR=2.02, 95%CI: 1.34–3.05, p=0.0003).
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DISCUSSION
In this case-control study, we observed an association of high BMI in early adulthood with
increased NHL risk, which was specific to females and showed little heterogeneity by
common NHL subtypes. After accounting for BMI at age 18, recent adult BMI, recent adult
physical activity, and early adult physical activity were not associated with NHL risk.

The association between recent adult BMI and NHL risk has been investigated in numerous
cohort and case-control studies, and has been examined recently in a comprehensive
literature review (20), three meta-analyses (21, 44–45), and a pooled analysis (46). All three
meta-analyses report a weak but statistically significant association between increased BMI
and NHL risk, with relative risk estimates ranging from 1.06 (95%CI: 1.03–1.09) (45) per 5
kg/m2 to 1.20 (95%CI: 1.07–1.34) with BMI ≥30 kg/m2 (21). The InterLymph pooled
analysis reported an association between BMI ≥40 kg/m2 and lymphoma risk that was
limited to the DLBCL subtype (OR=1.80; 95%CI 1.24–2.62) (46). Our results for all NHL
are broadly consistent, showing a very weak overall effect for recent adult BMI ≥30 kg/m2

(OR=1.15; 95%CI 0.91–1.45) and the strongest effect for DLBCL (OR=1.35; 95%CI 0.89–
2.04), although neither estimate was statistically significant.

Thirteen studies evaluated the association of BMI at younger ages with NHL risk (22–32,
47–48). Consistent with our findings, the cumulative evidence suggests that high BMI in
early adulthood (ages 18–20) may be more relevant with regard to NHL risk (23, 25, 27–
29). Six of these studies also evaluated the association between early adult BMI and NHL
risk by gender (23–24, 28–29, 32, 48), and two were limited to females (25, 31). Of these
studies, one reported a slightly stronger association among females (24), two studies
reported a stronger association in males (28–29) and three studies reported similar
associations by gender (23, 32, 48); early adult BMI was associated with NHL risk in only
one (25) of the studies among females. Significant regional and study-specific heterogeneity
of the association between recent adult BMI and NHL risk was noted in the InterLymph
pooled analysis (46), and could potentially explain some of the inconsistency in the
literature. However, we acknowledge that the observed association of early adult BMI with
NHL risk limited to females in our study may be a false positive.

Multiple hypotheses have been proposed for mechanisms linking BMI with NHL risk, and
all remain speculative. A low level chronic inflammatory state has been associated with
higher BMI levels, which could support B cell growth and increase NHL risk (16–17). There
is some evidence to support a positive, direct effect of BMI on hyperinsulinema, which leads
to growth factor potentiation and anti-apoptotic signaling as a result of increased free IGF-1
(17). A recent analysis conducted in the Nurses’ Health Study Cohorts demonstrated an
association between high BMI at age 18 and IGF-1 levels in adulthood (49). Additionally,
the adipokine leptin is a hormone secreted from adipocytes with serum levels closely
correlated to adiposity, and leptin gene expression is also upregulated by insulin (17, 50).
Variation in both the leptin and leptin receptor (LEP and LEPR) genes have been associated
NHL risk (24).

While the rise in obesity prevalence among adolescents has paralleled the rapid rise in
obesity observed in US adults, evidence from NHANES indicates that the increase in
obesity prevalence from 1971–2000 is similar between adolescent girls and boys (51).
However, the proposed biologic mechanisms linking BMI and cancer risk may vary by
gender (17). Perhaps of most relevance to the gender difference observed between early
adult BMI and NHL risk, there is evidence of a significant gender difference in serum leptin
levels, with higher levels in females as compared to males (52).
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Based on our observations, physical activity appears to be less relevant to NHL risk as
compared to BMI. There has only been limited evaluation of physical activity and risk of
NHL (25, 27, 30–31, 33–36), particularly physical activity earlier in life (27, 30). With the
exception of a decreased NHL risk among women with higher levels of reported physical
activity (OR=0.59; 95%CI: 0.42–0.81) reported in a Canadian case-control study (34), there
is little evidence to support an association between physical activity and NHL risk,
consistent with our observations. Of note, recent adult physical activity was self-reported at
the time of study enrollment, and it is possible that latent NHL could have led to decreased
physical activity in the time preceding diagnosis. Furthermore, physical activity at age 18
was assessed via a single dichotomous measure, likely resulting in exposure
misclassification that could have limited our ability to detect an association with NHL risk.
Future evaluation of physical activity at this age should take into account exercise intensity,
frequency, and duration.

While underpowered to assess NHL subtypes, our data provide some evidence that there
may be subtype-specific associations with BMI. NHL subtypes are known to be very
clinically (53), and likely etiologically (54) heterogeneous. While most studies have
evaluated the association between BMI and all NHL subtypes combined, in subtype analysis
BMI has been most consistently linked to DLBCL (21, 44, 46), and high BMI (≥35 kg/m2 )
was associated with increased risk of DLBCL alone in a study designed specifically to
evaluate subtype heterogeneity (54). For early adult BMI, we observed the strongest
association for DLBCL, although there were associations for FL and CLL/SLL as well, but
only among female participants.

Our analysis is a result of a carefully designed case-control study with central pathology
review. Although this study was not population-based, the effects of referral and selection
bias were minimized by restricting both case and control participation to those residing in
the region surrounding Mayo Clinic (Minnesota, Iowa, and Wisconsin). Participation rates
for both cases and controls were relatively high, and the controls were well balanced to
cases in regard to geographic characteristics (distance and rural/urban), marital status,
education, and SES, supporting the internal validity of the control group (37). Broad
consistency of results from this study with pooled results from InterLymph studies further
supports internal validity. Demographic and disease characteristics of cases are similar to
population-based cancer registry data, and the controls had similar characteristics for
anthropometrics and other lifestyle factors when compared to a population-based control
group from Iowa, all providing evidence of external validity (37).

Our measure of physical activity ascertained frequency, duration, and type of physical
activity, and this is one of the first studies to evaluate the gender-specific main effects of
both recent adult and early adult physical activity level with regard to NHL risk. Our
analysis was limited by self-report of BMI and physical activity, and remote recall of early
adult exposures. Misclassification of exposure is most likely to be non-differential between
cases and controls, with bias most likely towards the null. More specific estimates of body
size and fat distribution, such as waist-to-hip ratio, should be considered for future studies
(55–56). Finally, while we did not find evidence that the observed association of higher BMI
in early adulthood with NHL risk was confounded by total calories, fat calories, alcohol,
smoking, height, family history of NHL, early life sun exposure, or total vegetable intake,
residual and unmeasured confounding remains a possibility.

In conclusion, we report evidence that BMI may be of greater relevance than physical
activity with regard to NHL risk. Higher BMI in early adulthood may be most relevant to
NHL risk, particularly among females. Further analysis of specific etiologic mechanism and
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relevant pattern of lifetime exposure by which high BMI may increase NHL risk
differentially by gender is warranted.
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Table 1

Characteristics of study participants, Mayo Case-Control Study of NHL, 2002–2008

Cases (N=950) Controls (N=1146)

Characteristic N (%) N (%)

Age, years <40 53 (5.6) 86 (7.5)

40–49 126 (13.3) 145 (12.7)

50–59 197 (20.7) 232 (20.2)

60–69 307 (32.3) 335 (29.2)

70+ 267 (28.1) 348 (30.4)

Gender Male 550 (57.9) 611 (53.3)

Race White 943 (99.3) 1131 (98.7)

Residence Minnesota 636 (66.9) 775 (67.6)

Iowa 178 (18.7) 213 (18.6)

Wisconsin 136 (14.3) 158 (13.8)

Education Level Some High School or less 55 (5.8) 42 (3.7)

High School graduate or GED 217 (22.8) 262 (22.9)

1–3 yrs vocational school or some college 273 (28.7) 319 (27.8)

College graduate 183 (19.3) 223 (19.5)

Graduate or professional school 171 (18.0) 242 (21.1)

Other 51 (5.4) 58 (5.1)

Most Prevalent CLL/SLL 302 (31.8)

NHL Subtypes Follicular 242 (25.5)

DLBCL 181 (19.1)

Stage I/II 232 (35.0)

III/IV 432 (65.0)

PS 0–1 892 (95.4)

2+ 43 (4.6)

B symptoms no 829 (89.3)

yes 99 (10.7)
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