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Abstract

Background—Incidence rates of non-Hodgkin’s lymphoma (NHL) increased substantially in the 

United States and worldwide during the latter part of the 20th century, but little is known about its 

etiology. Obesity is associated with impaired immune function through which it may influence the 

risk of NHL; other factors reflecting energy homeostasis (height, abdominal adiposity, and 

physical activity) may also be involved.

Methods—We examined the association of anthropometric factors and physical activity with risk 

of NHL and its major subtypes in a large cohort of women aged 50–79 years old who were 

enrolled at 40 clinical centers in the United States between 1993 and 1998. Over a mean follow-up 

period of 11 years, 1123 cases of NHL were identified among 158,975 women. Cox proportional 

hazards models were used to estimate hazard ratios (HR) and 95% confidence intervals (CI).

Results—Height at baseline was positively associated with risk of all NHL and with that of 

diffuse large B-cell lymphoma (HRsq4vs.q1 1.19, 95% CI 1.00–1.43 and 1.43, 95% CI 1.01–2.03, 

respectively). Measures of obesity and abdominal adiposity at baseline were not associated with 

risk. Hazard ratios for NHL were increased for women in the highest quartile of weight and body 

mass index at age 18 (HRsq4vs.q1 1.29, 95% CI 1.01–1.65 and 1.27, 95% CI 1.01–1.59, 

respectively). Some measures of recreational physical activity were modestly associated with 

increased risk of NHL overall, but there were no clear associations with specific subtypes.
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Conclusion—Our findings regarding anthropometric measures are consistent with those of 

several previous reports, suggesting that early life influences on growth and immune function may 

influence the risk of NHL later in life.
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1. Introduction

Non-Hodgkin’s lymphoma (NHL) comprises a clinically heterogeneous group of cancers 

derived from lymphocytes and is estimated to account for 4.5% of total cancer incidence and 

3.5% of total cancer mortality in the U.S. [1]. Incidence and mortality rates of NHL 

increased dramatically in both sexes in the U.S. and worldwide during the latter half of the 

20th century [2,3], but started to level off or decline in the past decade in developed 

countries [4]. While some of the increase may be due to improved diagnostic procedures and 

changes in classification, it is unlikely that these advances can largely, or totally, account for 

the increased rates observed in the U.S. and European countries in earlier decades [2–4].

Known risk factors for NHL account for only a small proportion of NHL incidence, with the 

most important being a compromised immune system [2,5,6]. Other factors include a family 

history of NHL and exposure to specific infectious organisms, including human T-cell 

leukemia/lymphoma virus, human immunodeficiency virus, human herpes virus 8, and 

Epstein-Barr virus, which have been directly implicated in the development of some 

lymphoma subtypes [2,5,6]. During the past few decades the prevalence of obesity has 

increased in the developed world as result of a variety of factors, including increased 

physical inactivity and increased consumption of high-fat, calorie-dense foods. In this 

regard, it has been suggested that the obesity epidemic may be a contributing factor to the 

rising incidence of NHL [7]. Obesity and other anthropometric factors may influence the 

development of NHL through a variety of mechanisms, including hyperinsulinemia resulting 

from insulin resistance, and chronic inflammation [8–10]. However, findings of studies that 

have examined the association of body mass index with NHL are inconsistent [10–40], and 

few studies have addressed the roles of central adiposity, height, and physical activity in 

older women, or weight in early adulthood.

We therefore evaluated these associations in the Women’s Health Initiative, a large cohort of 

postmenopausal women with information obtained at baseline on measured height, weight, 

waist circumference, and hip circumference, as well as self-reported information on 

recreational physical activity and weight earlier in life.

2. Methods

The Women’s Health Initiative (WHI) is a large, multi-center, multi-faceted study designed 

to advance understanding of the determinants of major chronic diseases in women. It is 

composed of a Clinical Trial component (CT) and an Observational Study component (OS) 

[41]. Women between the ages of 50 and 79 and representing major racial/ethnic groups 
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were recruited from the general population at 40 clinical centers throughout the United 

States between 1993 and 1998. Details of the design and reliability of the baseline measures 

have been published [41,42].

2.1. Data collection and variable definition

At study entry, self-administered questionnaires were used to collect information on 

demographics, medical, reproductive and family history, and on dietary and lifestyle factors, 

including smoking history, alcohol consumption, and recreational physical activity. All 

participants had their weight, height, and waist and hip circumferences measured by trained 

staff at baseline. In addition, women in the OS were asked about their weight and height at 

ages 18, 35, and 50. Questions about physical activity at baseline referred to a woman’s 

usual pattern of activity, including walking and sports. First, women were asked to report 

how often they walked outside the home for 10 min or more without stopping (“rarely or 

never,” “1–3 times each month,” “1 time each week,” “2–3 times each week,” “4–6 times 

each week,” “7 or more times each week”), duration (<20 min, 20–39 min, 40–59 min, 1 h 

or more), and their usual speed (casual strolling, average or normal, fairly fast, very fast, do 

not know). Next women were asked how often they engaged in strenuous or very hard 

exercise (during which they worked up a sweat and increased their heart rate). Examples of 

strenuous exercise provided were: aerobics, aerobic dancing, jogging, tennis, and swimming 

laps. Women were also asked how often they engaged in moderate exercise (examples 

provided were: biking outdoors, using an exercise machine like a stationary bike or 

treadmill, calisthenics, easy swimming, and dancing) and mild exercise (examples provided 

were: slow dancing, bowling, and golf). For each of the 3 levels of exercise, respondents 

were instructed to report the frequency (none, 1, 2, 3, 4, or 5 or more days per week) and 

how long they usually exercised at this level at one time (less than 20 min, 20–39 min, 40–

59 min, or 1 h or more). Finally, they were asked whether they engaged in strenuous exercise 

at least 3 times a week at ages 18, 35, and 50 years old.

Several composite variables were computed to summarize recreational physical activity [43]. 

The midpoint value for the intervals of frequency and duration were used to multiply 

frequency X min (and divided by 60) to obtain “hours of exercise per week,” separately for 

strenuous, moderate, and mild exercise. In addition, metabolic equivalent (MET) values for 

strenuous, moderate, and light exercise were assigned: 7, 4, and 3 METs, respectively [43]. 

For mean walking speeds “average” [2–3 mph], “fast” [3–4 mph], and “very fast” [>4 mph] 

the corresponding MET values were 3, 4, and 4.5, respectively. A variable “current total 

leisure-time physical activity” (MET-hours/week) was computed by multiplying the number 

of hours per week of leisure-time physical activity by the MET level of the activity and 

summing the products of all types of activities [44].

We also extracted information on illnesses linked to immune suppression and/or 

inflammation (rheumatoid arthritis, ulcerative colitis, lupus, diabetes, and multiple sclerosis) 

and use of medications associated with immunosuppression/inflammation (corticosteroid, 

NSAIDs, aspirin, insulin, anti-inflammatory agents, and statins).

Clinical outcomes (including cancer diagnoses) were updated semi-annually in the CT and 

annually in the OS by mailed or telephone questionnaires. Self-reports of non-Hodgkin’s 
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lymphoma were verified by centralized review of medical records and pathology reports 

[45]. As of August 14, 2009, a total of 1154 incident cases of NHL (including chronic 

lymphocytic leukemia and small lymphocytic lymphoma) had been diagnosed among the 

160,654 participants in the OS and CT after a median of 11.0 years of follow-up. The 

proportion of the cohort that was lost to follow-up was less than 1%.

For the analyses reported here, we excluded women who reported a history of lymphoma or 

leukemia at recruitment (N = 391), women with missing or extreme values for baseline body 

mass index (<15 kg/m2 and >50 kg/m2, N = 2261), and women who were missing MET-

h/wk (N = 181), leaving 1123 cases and 157,852 non-cases for analysis.

An earlier analysis of intentional weight loss and NHL in the WHI OS by De Roos et al. 

[40] reported on body mass index at earlier ages and at baseline (but not height) in relation 

to NHL. That analysis was based on 412 cases of NHL identified over 9.9 years of follow-up 

of the OS cohort. By including both the OS and the CT with an average follow-up of 11 

years, the present analysis is based on 1123 cases, providing a substantial increase in power.

2.2. Statistical analysis

Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% 

confidence intervals (95% CI) for the associations of anthropometric variables and physical 

activity with risk of all NHL (N = 1123) and of the major subtypes; the latter included 

diffuse large B-cell lymphoma (DLBCL: ICD-O-3 codes 9678–9680 and 9684, N = 302); 

follicular lymphoma (ICD-O-3 codes 9690–9698 (N = 214); and chronic lymphocytic 

leukemia/ small lymphocytic lymphoma (CLL/SLL: ICD-O-3 codes 9823 and 9670, N = 

298). The remaining 309 cases were a heterogeneous group and were not analyzed as a 

separate group. We created quartiles of the following variables based on their distribution in 

the entire cohort: height, weight, waist circumference, hip circumference, waist-to-hip ratio, 

body mass index, self-reported BMI at ages 18, 35, and 50, and MET-h/wk of total 

recreational physical activity. In order permit comparison with the results of other studies, 

we present the baseline BMI results according to the WHO classification: <25, 25–<30, 30–

<35, ≥35. To assess confounding, age-adjusted and multivariable-adjusted results were 

compared. We selected variables for inclusion in the multivariable models based on whether 

their inclusion altered the parameter estimate for the exposure of interest by >10%. The 

following covariates were included in the final multivariable models: age (continuous), 

alcohol intake (servings per week –continuous), pack-years of smoking (0, >0–<20, 20–<40, 

≥40), caloric intake (kcal/day–continuous), education (less than high school graduate, high 

school graduate/some college, college graduate, post-college), race/ethnicity (non-Hispanic 

white, black, other), and enrollment in the OS/treatment arm assignment in the each of the 3 

clinical trials (hormone therapy, calcium plus vitamin D, and dietary modification). To 

assess the effects of individual anthropometric factors, we examined each one both with and 

without other pertinent anthropometric factors in the model. In most cases, the estimates 

from the two models did not differ. We present estimates for the effect of height, adjusted for 

weight and physical activity, for BMI adjusted for physical activity, and for other 

anthropometric measures (weight, waist circumference, hip circumference, waist-hip-ratio) 
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adjusted for height and physical activity. In alternative models, anthropometric variables and 

physical activity-related variables were entered as continuous variables.

We also carried out four sensitivity analyses: 1) excluding cases of NHL diagnosed within 

the first 3 years of follow-up; 2) excluding women who reported any cancer diagnosis prior 

to enrollment to rule out an effect of pre-existing disease on anthropometric factors and 

physical activity; 3) excluding women with a history of conditions linked to immune 

suppression and/or inflammation; and 4) excluding women who at baseline were taking 

medications associated with immune suppression and/or inflammation.

The association of each anthropometric factor and physical activity with all NHL was 

examined within strata of age (<65, ≥65), ethnicity (white, black, other), and caloric intake 

(<1626 kcal/day, ≥1626 kcal/day) in order to detect possible effect modification. Formal 

tests for interaction were performed by comparing models with and without the product 

terms representing the variables of interest with a likelihood ratio test.

For categorical variables, tests for trend were performed by assigning the median value to 

each category and modeling this variable as a continuous variable. All P-values are two-

sided.

3. Results

Compared to controls, cases were older, had slightly greater levels of physical activity, 

parity, and caloric intake, an older age at menopause, and were less likely to have used oral 

contraceptives, and were more likely to be White (Table 1). Cases and controls were 

generally similar in terms of other variables, including anthropometric factors (based on 

mean values).

Height at baseline was positively associated with risk of all NHL and with DLBCL 

(HRsq4vs.q1 1.19, 95% CI 1.00–1.43 and 1.43, 95% CI 1.01–2.03, respectively), and showed 

a borderline positive association with CLL/SLL (HRq4vs.q1 1.37, 95% CI 0.96–1.94) (Table 

2). When the second quartile of height was taken as the reference group, the associations 

were: HRsq4vs.q2 1.32, 95% CI 1.11–1.58; 1.39, 95% CI 0.99–1.94; and 1.31, 95% CI 0.94–

1.84, respectively. Measures of obesity and abdominal adiposity at baseline, including 

baseline weight, body mass index, hip circumference, waist circumference, and waist-to-hip 

ratio were not associated with risk.

Height at age 18 was associated with increased risk of DLBCL (HRq4vs.q1 1.81, 95% CI 

1.10–2.98) but not with risk of all NHL or of other subtypes (Table 3). Hazard ratios for 

NHL were increased for women in the highest quartile of weight and body mass index at age 

18 (HRsq4vs.q1 1.29, 95% CI 1.01–1.65 and 1.27, 95% CI 1.01–1.59, respectively). However, 

none of these associations was statistically significant, when the second quartile was used as 

the reference group.

Total recreational physical activity (MET-h/wk) and hours of moderate or strenuous 

recreational physical activity per week were associated with a borderline positive risk of 

NHL overall (HR for >17.5 MET-h/wk vs. <1.6: 1.17, 95% CI 0.98–1.39), but no specific 
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subtype showed a clear positive association (Table 4). Hours of strenuous activity per week, 

minutes of walking, and total hours of recreational physical activity were not associated with 

risk. Use of continuous variables gave very similar results. Having engaged in intense 

physical activity at ages 35 and 50, but not at age 18, was positively associated with risk of 

NHL: HR 1.18, 95% CI 1.04–1.33 and 1.14, 95% CI 1.01–1.29, but, again, there were no 

clear associations with specific subtypes.

When cases diagnosed during the first 3 years of follow-up (N = 221) were excluded from 

the analysis, the results for all variables examined were similar, although due the reduced 

sample size some of the HR estimates were more imprecise and no longer statistically 

significant. When women who reported any cancer prior to baseline were excluded from the 

analysis (103 cases; 14,100 non-cases), the results were essentially unchanged. Exclusion of 

women with illnesses and medications associated with immune suppression and/or 

inflammation did not materially affect the results.

In stratified analyses, baseline height showed positive associations with NHL only in women 

aged ≥65 and in women with relatively high caloric intake (data not shown). Height at age 

18 was associated with NHL only in older women (i.e., those ≥65 years of age). However, 

the tests for interaction between height and age and caloric intake were not statistically 

significant. The associations of the other anthropometric factors and physical activity with 

NHL did not differ by levels of age, ethnicity, or caloric intake.

4. Discussion

In this large cohort of postmenopausal women, height measured at baseline showed modest 

positive associations with risk of NHL overall and of the DLBCL subtype, whereas self-

reported height at age 18 was associated only with risk of DLBCL. In addition, self-reported 

weight and body mass index at age 18 showed modest positive associations with risk of 

NHL overall and of DLBCL. Baseline weight, BMI and markers of abdominal adiposity 

were not associated with risk of NHL or its major subtypes. Some measures of physical 

activity showed slight positive associations with risk of NHL overall; however, other 

measures were null and there were no clear associations with any subtypes. The association 

of anthropometric factors and physical activity with risk of NHL did not vary by levels of 

age, ethnicity, or caloric intake.

Studies that have examined anthropometric factors in relation to the risk of NHL have 

focused mostly on obesity, with somewhat conflicting findings [10–40]. Two recent meta-

analyses [36,37] reported a positive association between body mass index and risk of non-

Hodgkin’s lymphoma: a meta-analysis of 10 cohort and 6 case–control studies [36] found 

that, compared to individuals of normal weight (BMI <25 kg/m2), those who were 

overweight (BMI ≥25 and <30) had a relative risk for NHL of 1.07 (95% CI 1.01–1.14), 

whereas those who were obese (BMI ≥30) had a relative risk of NHL of 1.20 (95% CI 1.07–

1.34); a second meta-analysis [37], restricted to cohort studies, reported a risk ratio of 1.06 

(95% CI 1.03–1.09) per 5 kg/m2 increase in BMI in men and 1.07 (95% CI 1.00–1.14) in 

women. In contrast, a pooled analysis of 18 case–control studies [38] containing over 10,000 

NHL cases and 16,000 controls showed no association between obesity and risk of all NHL. 
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Findings concerning the association between obesity and specific NHL subtypes have been 

inconsistent, although one meta-analysis [36] and the pooled analysis [38] both noted a 

positive association of BMI with DLBCL.

Several recent studies have reported a positive association of BMI or weight at an early age 

with risk of NHL, and in some cases this association was stronger than that with BMI 

measured at enrollment, reflecting BMI at a later age [10,32–35]; whereas one study found 

no association between body mass index at age 18 and NHL [13]. Our finding of an 

association of weight and BMI at age 18 with risk of NHL and DLBCL is consistent with 

the results of those studies which found either an association only with body weight in early 

life or a stronger association with body weight in early adulthood compared to that with 

body weight later in life [10,32,33,35]. Taken together, these more recent studies suggest 

that body weight earlier in life may be more relevant to the development of NHL.

Consistent with our results, several previous studies have examined abdominal adiposity 

[10,13,19,29,31], with uniformly null results. No studies, however, have included measures 

of abdominal adiposity earlier in life.

Height has been reported to be a risk factor for NHL in most [10,23,29–35] but not all 

studies [13,19,21]. In a pooled analysis of 18 case–control studies from 13 countries [38] 

found that the tallest men had a slightly increased risk compared to those of midrange height 

but no association was seen in women. Of six studies (4 cohort and 2 case–control) which 

examined the association of height with specific subtypes, three observed a significant 

positive association with DLBCL [29,33,34], one found an association [23] with follicular 

lymphoma, and one reported an association with CLL/SLL [10]. Our finding of a positive 

association with DLBCL is consistent with those of three earlier cohort studies [29,33,34].

Physical activity has received less attention in relation to risk of NHL, with two case–control 

studies reporting an inverse association [20,23] and three cohort studies finding no 

association [10,13,29]. We found a borderline positive association of baseline total 

recreational physical activity, current moderate or strenuous physical activity, and intense 

physical activity at ages 35 and 50 with risk of NHL. However, other measures of physical 

activity (hours/week of strenuous physical activity, minutes of walking, total hours of 

recreational physical activity, and intense physical activity at age 18) showed no association. 

Furthermore, there were no clear associations with specific subtypes. Thus, our findings 

regarding the association of physical activity with risk of NHL are equivocal. The proportion 

of women who reported engaging in strenuous physical activity ≥2 h/wk in the WHI was 

small (only 10.4%).

We found no evidence that the associations of anthropometric factors and physical activity 

with risk of NHL were modified by age, ethnicity, or caloric intake. Few previous studies 

have examined effect modification [10,29,34].

The associations of anthropometric factors and physical activity with the risk of NHL may 

reflect roles of energy homeostasis and of growth during childhood and adolescence [47]. 

Both under- and over-nutrition can result in compromised immunity [8], and obesity has 

been associatedwith impaired immune function in both humans and genetically obese 
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rodents [7]. Excess weight and adiposity are associated with insulin resistance, 

compensatory hyperinsulinemia, increased levels of free insulin-like growth factor-1 

(IGF-1), and chronic inflammation [8–10]. In these states, increased serum levels of pro-

inflammatory factors (tumor necrosis factor (TNF)-α, interleukin-6, and C-reactive protein) 

may stimulate signaling pathways that inhibit apoptosis and promote proliferation of B-cells 

[21]. Height, in addition to having a genetic component, is influenced by nutrition and 

exposure to infections during childhood and adolescence [31]. Lu et al. [10] have described 

possible pathways underlying a link between height and risk of NHL. Both height and 

increased caloric intake in childhood are associated with increased circulating levels of 

IGF-1 [46–50], which in turn has an important influence on childhood growth and modifies 

the action of growth hormone [51]. IGF-1 has also been shown to promote pro-B to pre-B 

cell maturation [52] and B-cell proliferation [53], and to inhibit apoptosis [54], thereby 

contributing to increased risk of NHL. Thus, height may reflect IGF-1 levels and growth 

patterns in childhood that are associated with lymphomagenesis. All of these mechanisms 

may play a role in the development of NHL.

Strengths of this study include its prospective nature, the high degree of completeness of 

follow-up, the central diagnostic review of NHL cases, the large number of cases (and hence 

the large number of cases of the major NHL subtypes), the fact that anthropometric factors 

were measured by trained technicians at baseline, and the availability of a variety of 

anthropometric factors, including weight at different ages and height at age 18. A number of 

limitations also need to be considered. Anthropometric variables were measured at baseline 

and may have changed over the follow-up period, leading to non-differential 

misclassification. In addition, self-reports of height and weight at age 18 may be biased. In 

addition, although we included total energy intake (estimated from the food-frequency 

questionnaire) as a covariate in our models, this variable was essentially unrelated to 

biomarker-based (doubly labeled water) total energy consumption in WHI [55], and, 

therefore, control for energy intake is unlikely to have accomplished its intended purpose. 

Finally, questions regarding physical activity focused only on recreational physical activity 

and did not cover patterns of physical activity earlier in life or activity related to occupation 

or household work. A validation study showed that the WHI measure of leisure-time 

physical activity does not correlate tightly with an objective measure of total energy 

expenditure [56].

In conclusion, in a large cohort study of postmenopausal women followed for 11 years, 

baseline height and body weight at age 18 were associated with modestly increased risk of 

NHL overall, and of diffuse large B-cell lymphoma, whereas baseline weight, BMI, and 

markers of abdominal adiposity were not associated with risk. Some measures of physical 

activity showed a modest positive association with risk. Our findings regarding 

anthropometric measures are consistent with those of several previous studies and suggest 

that early life influences on growth and immune function may influence the risk of NHL 

later in life.
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Table 1

Distribution of selected characteristics among NHL cases and non-cases.

Characteristic Cases (N = 1123) Non-cases (N = 157,852) P-value

Means (SD):

Age, mean 65.2 (6.9) 63.2 (7.2) <0.0001

Parity, mean 2.7 (1.7) 2.6 (1.7) 0.08

Age at menopause, mean 47.8 (6.4) 47.3 (6.7) 0.03

Body mass indexa (kg/m2), mean 27.8 (5.8) 28.0 (5.9) 0.25

Height (cm), mean 162.1 (6.3) 161.8 (6.7) 0.11

Waist circumference (cm), mean 86.5 (14.1) 86.5 (13.8) 0.96

Physical activity (MET-hb/wk), mean 12.7 (14.2) 11.9 (13.7) 0.07

Caloric intake (kcal/d), mean 1664 (750) 1626 (717) 0.11

Alcohol intake (servings/wk), mean 2.3 (4.6) 2.4 (4.9) 0.57

Smoking (pack-years), mean 9.4 (18.9) 9.7 (18.1) 0.61

Proportions:

Age ≤11 years at menarche (%) 20.8 21.9 0.40

Age ≥30 years at first birth (%) 10.1 9.1 0.40

Oral contraceptive use ever (%) 37.2 41.4 0.01

Hormone therapy ever (%) 57.7 56.2 0.34

History of diabetes 5.3 5.9 0.37

Education (% post-college) 26.0 28.6 0.12

Ethnicity

 White 91.0 82.7

 Black 4.0 9.1

 Other 5.0 8.2 <0.0001

Study component

 OS 58.0 57.6

 CT 42.0 42.4 0.81

History of diseases associated with immunosuppression/inflammation (% yes) 12.2 11.7 0.63

Use of medications associated with immunosuppression/inflammation (% yes) 44.3 42.0 0.12

Abbreviations: MET, metabolic equivalent task.

a
Weight (kg)/height (m)2.

b
Defined as caloric need per kilogram of body weight per hour of activity divided by the caloric need per kilogram of body weight per hour of rest, 

per hour per week.
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