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Nutritional status and physical activity are known to alter immune function, which may be relevant to lymphoma-
genesis. The authors examined body size measurements and recreational physical activity in relation to risk of
B-cell non-Hodgkin lymphoma (NHL) in the prospective California Teachers Study. Between 1995 and 2007, 574
women were diagnosed with incident B-cell NHL among 121,216 eligible women aged 22–84 years at cohort entry.
Multivariable-adjusted relative risks and 95% confidence intervals were estimated by fitting Cox proportional
hazards models for all B-cell NHL combined and for the 3 most common subtypes: diffuse large B-cell lymphoma,
follicular lymphoma, and B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma. Height was positively
associated with risk of all B-cell NHLs (for >1.70 vs. 1.61–1.65 m, relative risk ¼ 1.50, 95% confidence interval:
1.16, 1.96) and chronic lymphocytic leukemia/small lymphocytic lymphoma (relative risk ¼ 1.93, 95% confidence
interval: 1.09, 3.41). Weight and body mass index at age 18 years were positive predictors of B-cell NHL risk
overall. These findings indicate that greater height, which may reflect genetics, early life immune function, in-
fectious exposures, nutrition, or growth hormone levels, may play a role in NHL etiology. Adiposity at age 18 years
may be more relevant to NHL etiology than that in later life.

body mass index; body size; cohort studies; exercise; hip; lymphoma, non-Hodgkin; waist-hip ratio

Abbreviations: CLL, B-cell chronic lymphocytic leukemia; ICD-O-3, International Classification of Diseases for Oncology, Third
Edition; NHL, non-Hodgkin lymphoma; SLL, small lymphocytic lymphoma.

Non-Hodgkin lymphoma (NHL), an etiologically and
clinically heterogeneous group of lymphoid malignancies,
is expected to account for 4.5% of new cancer diagnoses and
3.5% of cancer deaths in 2009 (1). Its incidence has in-
creased steadily in the United States and other developed
countries since the 1940s, and NHL is now the fifth most
common cancer among men and women in the United
States. Human immunodeficiency virus (HIV)-associated
NHL and changes in detection and diagnosis of lymphoma
explain only a small part of the increase in incidence (2).
Since 1991, NHL incidence rates have reached a plateau
among men, partly because of improved treatment for hu-
man immunodeficiency virus; incidence rates among
women, however, have continued to increase at approxi-
mately 0.7% per year since 1995 (3).

Nutritional status and physical activity are known to alter
immune function, thereby making them important candidate
risk factors for NHL (4). Adult height partly reflects genet-
ics, early life nutrition, health experience, and growth-
related hormones. Height and the prevalence of overweight
and obesity have been increasing markedly over the past
several decades (5, 6), whereas recreational physical activity
has been declining. If these factors are associated with NHL
risk, then such secular changes may explain part of the
observed increase of overall NHL incidence, and they may
also offer modifiable ways to reduce risk. Nevertheless,
results from studies of body size and physical activity in
relation to NHL risk have been mixed (7–27).

In this study, we used data from the California Teachers
Study, a large prospective cohort of women at elevated risk
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of NHL (28), to investigate whether body size and physical
activity are associated with risk of B-cell NHL, which ac-
counts for more than 85% of all NHL in US women. We
further explored associations with risk of the 3 most com-
mon histologic subtypes (diffuse large B-cell lymphoma,
follicular lymphoma, and B-cell chronic lymphocytic
leukemia (CLL)/small lymphocytic lymphoma (SLL)) as
defined by the World Health Organization classification
for hematopoietic malignancies (29).

MATERIALS AND METHODS

Study population

A detailed description of the California Teachers Study has
been published elsewhere (28). Briefly, this prospective study
comprises 133,479 female public school professionals re-
cruited through the California State Teachers Retirement Sys-
tem in 1995. All participants completed a self-administered
baseline questionnaire, which collected information on de-
mographic factors, height, weight, menstrual and reproduc-
tive factors, personal and family cancer and health history,
oral contraceptive and menopausal hormone therapy use, and
lifestyle factors (recreational physical activity, diet, alcohol
consumption, and smoking). Participants completed a second
self-administered questionnaire in 1997–1998 providing in-
formation on passive smoking exposure, medical radiation
history, and waist and hip circumferences.

Use of human subjects in this study has been approved by
the institutional review boards at the City of Hope, Univer-
sity of Southern California, Northern California Cancer
Center, University of California at Irvine, and the California
Department of Health and Human Services.

For analyses of height, weight, and body mass index at
cohort entry, weight and body mass index at age 18 years,
and physical activity, we sequentially excluded women who
were not California residents, were aged 85 years or older at
cohort entry, who had limited their participation to breast
cancer research, who had a prior history of a hematopoietic
malignancy, or whose history of cancer was unknown. The
resulting analytical cohort consisted of 121,216 women
aged 22–84 years of age. Among these women, 90,640 par-
ticipants returned the second questionnaire. During the time
interval between submission of the baseline questionnaire
and the second questionnaire, 92 women were diagnosed
with a hematopoietic malignancy, and 1,224 women moved
out of California. A total of 89,324 women were eligible for
the analyses of waist circumference, hip circumference,
waist/hip ratio, and waist/height ratio.

Case ascertainment and follow-up

Incident diagnoses of B-cell NHL (International Classi-
fication of Diseases for Oncology, Third Edition (ICD-O-3),
morphology codes 9590, 9591, 9670–9675, 9678–9699,
9727, 9823, 9832, 9835, 9836) were identified through an-
nual linkages with the population-based California Cancer
Registry, which receives information on over 99% of all
cancer diagnoses occurring in California residents as part
of a state mandate.

The status of California residence was monitored through
annual mailing of newsletters or questionnaires, annual link-
age with the US Postal Service national change-of-address
database, and change-of-address postcards submitted by
participants. For censoring purposes, information on the
date of death was obtained from linkage with the California
state mortality file, the National Death Index, and the Social
Security Administration death master files (28).

Measurements of body size and recreational physical
activity

Each participant reported her height (in feet and inches),
weight (in pounds) at age 18 years and at cohort entry,
participation in strenuous and moderate recreational physi-
cal activities during different life periods (throughout high
school; ages 18–24, 25–34, 35–44, and 45–54 years, as
relevant; and the 3 years before cohort entry), and waist
and hip circumferences (in inches). In the second question-
naire, women were asked to measure their waist circumfer-
ence and hip circumference twice; detailed instructions and
a measuring tape were sent with the second questionnaire.
Waist circumference was to be measured 1 inch (2.54 cm)
above the navel, and hip circumference was to be measured
at the largest point between the waist and thighs. Measure-
ments were to be made at least 2 hours after a meal while
participants were wearing only minimal clothing (such as
underwear) or no clothing. In an ancillary validation study
conducted within the cohort (30), comparison of the self-
reported measurements with measurements taken by trained
interviewers suggested excellent validity, with Pearson cor-
relations of 0.87, 0.93, 0.85, and 0.87 for height, weight at
cohort entry, waist circumference, and hip circumference,
respectively. For our analyses, we classified both waist cir-
cumference and hip circumference as missing when both
measurements were at opposite extremes of the distribution,
that is, when the waist measurement was less than the 10th
percentile and the hip measurement was greater than the
90th percentile, or when the opposite was true, that is, when
the hip measurement was less than the 10th percentile and
the waist measurement was greater than the 90th percentile.

Height at cohort entry was categorized into 5 approxi-
mately equal groups based on the distribution within the
analytical cohort. Similarly, weight at age 18 years and cohort
entry, waist and hip circumferences, the waist/hip ratio, and
the waist/height ratio were categorized according to quartile
distributions. Self-reported height and weight were used to
calculate body mass index (kg/m2) at age 18 years and cohort
entry. Cutpoints for body mass index at cohort entry were
based on the World Health Organization categorization: lean
(<20 kg/m2), normal weight (20–24.9 kg/m2), overweight
(25–29.9 kg/m2), or obese (�30 kg/m2) (31). Because of
the limited number of women whose body mass index was
above 25 kg/m2 at age 18 years, the quartile categories were
defined for body mass index at age 18 years. Strenuous and
moderate recreational physical activities were defined as long
term (from high school to age 54 years or age at cohort entry,
whichever was younger) and for the past 3 years. Both mea-
surements of physical activity were categorized into 3 groups
(�0.50, 0.51–3.99, and �4.00 hours/week/year).
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Statistical analyses

Multivariate Cox proportional hazards regression models
provided estimates of the hazard rate ratio, a measurement
of relative risk, and 95% confidence intervals. Women were
followed from cohort entry (or submission of the second
questionnaire, as relevant) until the first of the following
events: diagnosis of B-cell NHL; move outside of Califor-
nia; diagnosis of a T-cell NHL, Hodgkin lymphoma, multi-
ple myeloma, or leukemia other than prolymphocytic
leukemias and CLL; death; or December 31, 2007. Age
was used as the time scale. Statistical models were stratified
by age in years at cohort entry. We included weight, height,
age at menarche, and long-term strenuous plus moderate
recreational physical activity as appropriate in our models.
We assessed other potential risk factors (race, area-level
social economic status (32), family history of lymphoma,
smoking status at cohort entry, and alcohol consumption 1
year before cohort entry), but none of these factors altered
relative risk estimates by as much as 5%, and therefore none
was included in the final models. We performed tests for
trend for ordinal variables by fitting the median value for
each category as a continuous variable. We performed likeli-
hood ratio tests to examine whether the trend between height
and B-cell NHL risk was modified by body mass index at
cohort entry (<25 kg/m2 vs. �25 kg/m2), smoking status at
cohort entry (never vs. ever), alcohol consumption 1 year
before cohort entry (drinker vs. nondrinker), and long-term
recreational physical activity (below median, �3.3 hours/
week/year, vs. above median, >3.3 hours/week/year, of
combined long-term strenuous and moderate activities).
We also examined if the effect of body mass index at cohort
entry was modified by age at cohort entry (<50 vs. �50
years) or menopausal status (pre- vs. postmenopausal status).

To exclude the possibility that an existing serious disease
or other unexpected situations influenced anthropometric
measurements and recent recreational physical activity
(i.e., in the past 3 years) at cohort entry, we performed
secondary analyses that excluded participants whose fol-
low-up periods were less than 2 years after the baseline
(2,754 subjects including 102 cases) or second question-
naire (2,015 subjects including 70 cases), as relevant.

For each exposure, potential associations with all B-cell
NHL (n ¼ 574), diffuse large B-cell lymphoma (ICD-O-3
codes 9678–9680 and 9684, n ¼ 155), follicular lymphoma
(ICD-O-3 codes 9690–9698, n ¼ 121), and CLL/SLL
(ICD-O-3 codes 9670 and 9823, n ¼ 124) were evaluated.
Two-sided P values are reported for tests for trend with
P < 0.05 considered statistically significant. All statistical
analyses were performed using SAS, version 9.1, software
(SAS Institute, Inc., Cary, North Carolina).

RESULTS

The mean age at cohort entry was 52.7 years for women
in the analytical cohort; 574 women were diagnosed with
B-cell NHL during an average of 11.0 years of follow-up.
The mean age at diagnosis was 69.5 years (range, 33–92
years); 38% of the participants were at least 1.68 m tall,
and 42.2% of the participants reported averaging at least

4 hours/week of some moderate or strenuous recreational
physical activity from high school through the age of
54 years (Table 1). Women with greater height or higher
levels of recreational physical activity were more likely to
be non-Hispanic white and younger in age, to have a higher
level of alcohol consumption in the year prior to joining the
cohort, and to have a lower body mass index at cohort entry.
The distribution of respondent characteristics (as shown
in Table 1) for those women who responded to the second
questionnaire did not differ from that of the cohort overall.

Increasing height was statistically significantly associated
with higher risk of B-cell NHL and CLL/SLL (Table 2). The
risk for B-cell NHL was 50% greater among tall women
(>1.70 m) than among women in the middle height category
(1.61–1.65 m) (relative risk ¼ 1.50, 95% confidence inter-
val: 1.16, 1.96); the risk for CLL/SLL among tall women
was nearly double that of women in the middle height cat-
egory (relative risk ¼ 1.93, 95% confidence interval: 1.09,
3.41). No association was observed for diffuse large B-cell
lymphoma and follicular lymphoma risk.

Weight at cohort entry was not associated with NHL risk
overall, but a marginally statistically significant positive
trend was observed for follicular lymphoma risk (Ptrend ¼
0.09) (Table 2). The relative risks were comparable after
exclusion of women whose follow-up periods were less than
2 years. Although B-cell NHL risk overall was not associ-
ated with body mass index, an inverse, marginally statisti-
cally significant association was detected between body
mass index and risk of CLL/SLL, with the highest risk for
lean women and the lowest risk for obese women (Ptrend ¼
0.06) (Table 2). The exclusion of women whose follow-up
periods were less than 2 years strengthened this association
(Ptrend ¼ 0.03, data not shown) but had no substantial in-
fluence on B-cell NHL risk overall or other subtypes.
Weight and body mass index at age 18 years were positively
associated with overall B-cell NHL risk. Compared with
women in the second quartiles of weight and body mass
index at age 18 years, women in the highest quartiles had
30% greater risk of NHL for both measurements (Ptrend ¼
0.02 and 0.03, respectively) (Table 2). No association was
observed between weight and body mass index at age
18 years and risk of any specific NHL subtype.

We observed no association between NHL risk and long-
term recreational physical activity or activity in the past 3
years (Table 3). The exclusion of women whose follow-up
periods were less than 2 years did not affect these findings
(data not shown). To investigate whether early adult life
activity by itself influenced risk, we also examined physical
activity prior to age 25 years; activity during early adulthood
was not associated with NHL risk (data not shown).

Waist circumference and hip circumference were highly
correlated with weight at cohort entry (r ¼ 0.75 and r ¼
0.79, respectively; both P < 0.0001). Waist circumfer-
ence, hip circumference, the waist/hip ratio, and the waist/
height ratio were not associated with the risk of B-cell NHL
overall (377 NHL cases) or with any of the NHL subtypes
evaluated separately (Table 4). The results did not change
after exclusion of women whose follow-ups were less than
2 years after submitting the second questionnaire (data not
shown).

Body Size, Physical Activity, and B-Cell NHL Risk 1233
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Table 1. Baseline Characteristics in Relation to Long-Term Recreational Physical Activity, Height, and Weight at Baseline of Women in the California Teachers Study, 1995–2007

Characteristic No. of Subjects

Long-Term Physical Activity, %a Height, % Weight, %

£0.5 Hours/
Week/Year

0. 51–3.99 Hours/
Week/Year

‡4 Hours/
Week/Year

Unknown <1.68 m ‡1.68 m Unknown <63.5 kg ‡63.5 kg Unknown

Total 121,216 9.9 47.4 42.2 0.6 61.6 38.1 0.4 44.0 52.2 3.8

Age at cohort entry,
years

<35 12,741 2.9 36.2 60.7 0.2 54.0 45.9 0.1 54.9 43.7 1.4

35–44 21,448 3.9 43.3 52.5 0.3 57.3 42.6 0.2 48.8 49.4 1.8

45–54 36,468 7.8 51.6 40.1 0.5 60.3 39.5 0.2 43.3 54.6 2.2

55–64 23,475 12.1 50.6 36.8 0.6 61.5 38.2 0.3 38.1 58.4 3.6

65–74 17,797 16.4 47.8 34.8 1.0 67.7 31.7 0.7 39.4 54.0 6.7

75–84 9,287 23.3 46.4 28.6 1.7 75.5 23.0 1.6 44.5 41.9 13.6

Raceb

Non-Hispanic white 104,814 8.5 48.8 42.2 0.5 58.46 41.29 0.25 42.7 54.3 3.0

All other races 15,405 12.9 48.3 38.2 0.6 77.53 21.91 0.56 48.1 48.0 3.9

Unknown race 997 12.7 43.6 42.2 1.5 66.95 32.27 0.77 41.0 49.8 9.2

First-degree family history of
lymphomab

No 114,276 8.9 48.7 41.8 0.5 60.9 38.8 0.3 43.5 53.4 3.0

Yes 3,177 9.6 51.1 38.8 0.5 59.8 39.8 0.3 40.1 56.9 3.1

Adopted/unknown 3,763 12.4 46.2 40.4 1.0 62.9 36.4 0.7 42.2 51.9 6.0

Area-level
socioeconomic
statusb

Below median 26,086 9.9 48.5 41.0 0.6 62.1 37.6 0.4 37.2 59.5 3.3

Above median 93,584 8.8 48.8 41.8 0.6 60.7 39.1 0.3 45.0 51.9 3.1

Unknown 1,546 7.8 44.7 47.1 0.4 58.8 40.9 0.4 41.1 55.7 3.2

Alcohol consumption,
g/dayb

None 38,619 11.7 49.9 38.0 0.5 63.3 36.4 0.3 40.7 56.0 3.3

<15 56,970 7.6 48.9 43.1 0.4 60.6 39.2 0.3 44.3 53.0 2.7

�15 19,301 7.4 46.7 45.4 0.5 56.8 43.0 0.3 45.5 51.4 3.1

Unknown 6,326 11.9 46.3 38.9 2.8 63.2 36.1 0.7 44.5 48.5 7.1

Smoking statusb

Never 79,627 9.2 48.6 41.7 0.5 61.6 38.1 0.3 44.7 52.3 3.0

Former 34,684 8.5 49.3 41.6 0.5 59.5 40.2 0.3 40.7 56.1 3.2

Current 6,181 9.8 46.8 42.9 0.5 60.3 39.3 0.5 42.2 54.0 3.8

Unknown 724 9.4 47.5 32.5 10.7 63.2 36.1 0.7 43.5 49.2 7.3

Body mass index at
cohort entry, kg/m2b

<20 12,651 8.1 45.2 46.1 0.6 55.1 44.9 99.2 0.8

20–24.9 58,204 7.9 47.7 44.0 0.5 61.0 39.0 65.9 34.1

25–29.9 29,100 9.7 50.4 39.4 0.5 60.8 39.2 6.1 93.9

�30 16,414 11.0 52.7 35.7 0.5 65.8 34.2 100.0

Unknown 4,847 15.9 45.8 36.9 1.4 56.8 34.4 8.8 2.8 2.2 95.1

a Long-term physical activity combines strenuous and moderate physical activity.
b Age-adjusted percentages.
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Table 2. Relative Risk and 95% Confidence Intervals for the Association Between Body Size and B-Cell Non-Hodgkin Lymphoma Risk Among Women in the California Teachers Study,

1995–2007

Variable
Person-
Years

All Cases Diffuse Large B-Cell Follicular CLL/SLL

Cases
(n 5 574)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 155)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 121)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 124)

Relative
Risk

95%
Confidence
Interval

Height, ma

�1.57 133,542 56 0.83 0.61, 1.14 21 1.04 0.61, 1.78 12 0.94 0.48, 1.85 8 0.52 0.24, 1.14

1.58–1.60 295,917 121 0.91 0.72, 1.15 28 0.72 0.45, 1.16 18 0.66 0.37, 1.16 30 1.04 0.63, 1.71

1.61–1.65 388,405 160 1.00 Referent 45 1.00 Referent 36 1.00 Referent 33 1.00 Referent

1.66–1.70 319,663 143 1.18 0.94, 1.48 37 1.11 0.72, 1.72 36 1.23 0.77, 1.96 33 1.41 0.87, 2.30

>1.70 188,893 91 1.50 1.16, 1.96 23 1.40 0.84, 2.35 18 1.13 0.63, 2.02 20 1.93 1.09, 3.41

Unknown 4,500 3 1 1 0

Ptrend <0.001 0.16 0.22 0.001

Weight, kgb

<56.7 269,229 101 1.14 0.87, 1.49 33 1.24 0.76, 2.03 16 0.86 0.45, 1.65 22 1.05 0.60, 1.85

56.7–<63.5 316,356 114 1.00 Referent 33 1.00 Referent 24 1.00 Referent 29 1.00 Referent

63.5–<73.0 372,853 163 1.05 0.83, 1.34 40 0.90 0.57, 1.43 34 1.07 0.63, 1.81 35 0.84 0.51, 1.38

�73.0 323,294 161 1.18 0.93, 1.51 42 1.08 0.68, 1.72 40 1.41 0.84, 2.37 25 0.67 0.39, 1.15

Unknown 49,189 35 7 7 13

Ptrend 0.36 0.81 0.09 0.14

Body mass index, kg/m2b

<20 138,366 52 1.13 0.84, 1.53 17 1.42 0.83, 2.42 9 0.94 0.46, 1.92 15 1.55 0.88, 2.75

20–24.9 642,731 246 1.00 Referent 64 1.00 Referent 50 1.00 Referent 54 1.00 Referent

25–29.9 319,511 154 1.06 0.86, 1.29 41 1.07 0.72, 1.59 35 1.23 0.80, 1.90 32 0.97 0.63, 1.51

�30 180,213 86 1.19 0.93, 1.52 26 1.37 0.86, 2.16 19 1.29 0.77, 2.19 10 0.63 0.32, 1.24

Unknown 50,099 36 7 8 13

Ptrend 0.34 0.50 0.26 0.06

Weight at age 18 years, kgc

<52.6 349,338 116 0.99 0.77, 1.27 33 0.88 0.54, 1.41 23 1.03 0.59, 1.81 22 0.75 0.43, 1.29

52.6–<57.2 394,356 152 1.00 Referent 45 1.00 Referent 31 1.00 Referent 40 1.00 Referent

57.2–<61.7 230,123 121 1.37 1.08, 1.75 30 1.16 0.72, 1.84 30 1.62 0.98, 2.70 23 0.97 0.58, 1.62

�61.7 302,896 145 1.30 1.02, 1.64 40 1.23 0.79, 1.92 28 1.15 0.68, 1.95 27 0.88 0.53, 1.47

Unknown 54,207 40 7 9 12

Ptrend 0.02 0.19 0.55 0.93

Body mass index at
age 18 years, kg/m2c

<19.5 324,719 134 1.04 0.81, 1.33 37 0.98 0.62, 1.56 25 0.95 0.54, 1.66 30 0.94 0.57, 1.57

19.5–20.7 307,661 123 1.00 Referent 36 1.02 Referent 25 1.00 Referent 30 1.00 Referent

20.8–22.4 310,622 124 1.03 0.80, 1.32 32 0.90 0.56, 1.45 31 1.28 0.75, 2.17 23 0.78 0.45, 1.35

>22.4 327,153 153 1.30 1.02, 1.64 43 1.23 0.79, 1.92 31 1.27 0.75, 2.15 29 1.03 0.62, 1.73

Unknown 60,765 40 7 9 12

Ptrend 0.03 0.30 0.22 0.87

Abbreviations: CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma.
a Adjusted for weight at cohort entry, age at menarche (�11, 12, �13 years, never had period, missing), and long-term strenuous plus moderate physical activity.
b Adjusted for height, age at menarche (�11, 12, �13 years, never had period, missing), and long-term strenuous plus moderate physical activity.
c Adjusted for height, age at menarche (�11, 12, �13 years, never had period, missing), and strenuous plus moderate physical activity in high school.
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We did not detect any statistically significant modification
of the association between height and risk of all B-cell NHL
by body mass index at cohort entry, alcohol consumption,
smoking status, or long-term physical activity (data
not shown). Body mass index at cohort entry was not asso-
ciated with NHL risk among younger or older women or
among premenopausal or postmenopausal women (data not
shown).

DISCUSSION

In this large cohort of female public school professionals,
we detected statistically significant positive associations be-
tween height and risk of all B-cell NHL and the CLL/SLL
subtype. Weight and body mass index at age 18 years were
positively associated with B-cell NHL risk overall, but
weight and body mass index at cohort entry were not, other
than an inverse association with CLL/SLL risk.

The association between height and NHL risk has been
examined in several studies with inconsistent results.
Among the studies that reported the associations sepa-
rately for women, the Nurses’ Health Study (33) and the
Multiethnic Cohort Study (13) reported positive associa-
tions between height and overall NHL risk, whereas the
Iowa Women’s Health Study cohort (8) reported no impact
of height on risk of NHL overall or any subtype. Two co-
hort studies from Europe both reported a stronger associ-
ation among women than men (26, 27); however, one study
reported a statistically significant association with follic-
ular lymphoma (27), whereas another study reported in-
creased risk for diffuse large B-cell lymphoma (26). A
pooled analysis from the InterLymph Consortium (14) re-
ported that the tallest men were at increased risk of NHL,
but no association was observed for women. Of 3 studies
reporting results for men and women combined, 1 study
found increased risk for diffuse large B-cell lymphoma
and CLL/SLL with increasing height (12); 1 study re-
ported a significantly increased risk for follicular lym-
phoma among tall individuals (9); and the third study
found a positive association between height and risk of
CLL, but not NHL overall (10). A study of children and
adolescents (<18 years at diagnosis) found that girls with
NHL or Hodgkin lymphoma are taller than population
norms (34).

Adult height is influenced by both genetic factors and
environmental exposures that may occur in utero or during
infancy, childhood, or puberty. Frequent infections in early
life may influence height, with persistent effects on cancer
risk later in life (35, 36). One possibility is that individuals
exposed to high-pathogen environments may invest energy
in developing antipathogen defenses, which could result in
impaired growth and shorter height (37, 38). Early expo-
sures to pathogens may also prime the immune system to
optimize protection against infectious pathogens that are
likely to be encountered later in life. Data showing signifi-
cant differences in the levels of immunoglobulins M, G, and
A between urban and rural residents in a relatively geneti-
cally homogenous population in Nigeria support this hy-
pothesis (39). On this basis, we might hypothesize that theT
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Table 4. Relative Risk and 95% Confidence Intervals for the Association Between Waist Circumference, Hip Circumference, Waist/Hip Ratio, and Waist/Height Ratio and B-Cell Non-

Hodgkin Lymphoma Risk Among Women in the California Teachers Study, 1997–2007

Variable Person-Years

All Cases Diffuse Large B-Cell Follicular CLL/SLL

Cases
(n 5 377)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 99)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 85)

Relative
Risk

95%
Confidence
Interval

Cases
(n 5 81)

Relative
Risk

95%
Confidence
Interval

Waist circumference, ma

<0.74 200,090 67 1.01 0.72, 1.41 17 0.78 0.41, 1.48 11 0.67 0.31, 1.42 17 1.14 0.58, 2.25

0.74–0.81 194,095 85 1.00 Referent 26 1.00 Referent 22 1.00 Referent 19 1.00 Referent

0.82–0.89 164,529 76 0.84 0.61, 1.15 20 0.78 0.43, 1.43 15 0.62 0.32, 1.23 18 0.89 0.46, 1.73

>0.89 177,277 111 1.03 0.74, 1.44 27 0.92 0.48, 1.74 30 1.02 0.53, 1.97 22 0.99 0.49, 2.02

Unknown 94,628 38 9 7 5

Ptrend 0.76 0.72 0.25 0.62

Hip circumference, ma

<0.95 205,668 88 1.14 0.81, 1.59 24 0.88 0.47, 1.65 18 1.62 0.75, 3.52 25 1.38 0.70, 2.71

0.95–1.00 169,586 70 1.00 Referent 22 1.00 Referent 12 1.00 Referent 16 1.00 Referent

1.01–1.07 189,641 91 1.03 0.75, 1.43 22 0.85 0.46, 1.59 22 1.34 0.65, 2.78 15 0.77 0.37, 1.60

>1.07 169,403 89 1.15 0.79, 1.66 20 0.85 0.41, 1.76 27 1.77 0.80, 3.91 20 1.40 0.65, 3.05

Unknown 96,321 39 11 6 5

Ptrend 0.98 0.85 0.64 0.98

Waist/hip ratioa

<0.76 198,768 61 0.92 0.65, 1.30 18 1.25 0.63, 2.48 13 0.66 0.33, 1.32 12 0.81 0.38, 1.73

0.76–0.79 172,577 70 1.00 Referent 15 1.00 Referent 21 1.00 Referent 16 1.00 Referent

0.80–0.85 182,829 92 1.00 0.73, 1.37 23 1.22 0.63, 2.34 15 0.57 0.29, 1.11 24 1.12 0.59, 2.11

>0.85 177,793 112 0.94 0.69, 1.29 32 1.35 0.71, 2.55 28 0.83 0.45, 1.51 23 0.82 0.42, 1.59

Unknown 98,652 42 11 8 6

Ptrend 0.97 0.56 0.55 0.77

Waist/height ratiob

<0.45 204,921 71 1.10 0.79, 1.53 18 0.78 0.42, 1.44 12 0.78 0.37, 1.65 20 1.66 0.84, 3.28

0.45–0.48 175,034 76 1.00 Referent 26 1.00 Referent 18 1.00 Referent 15 1.00 Referent

0.49–0.55 171,804 84 0.86 0.63, 1.18 18 0.56 0.30, 1.04 22 0.93 0.49, 1.77 18 0.94 0.47, 1.89

>0.55 182,083 106 0.85 0.61, 1.18 27 0.69 0.37, 1.28 25 0.78 0.39, 1.54 23 0.98 0.48, 2.02

Unknown 96,777 40 10 8 5

Ptrend 0.16 0.57 0.91 0.18

Abbreviations: CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma.
a Adjusted for height, weight at cohort entry, age at menarche (�11, 12, �13 years, never had period, missing), and long-term strenuous plus moderate physical activity.
b Adjusted for weight at cohort entry, age at menarche (�11, 12, �13 years, never had period, missing), and long-term strenuous plus moderate physical activity.
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immune function of taller individuals is less developed and,
therefore, the proliferative response of T and B cells in
adulthood to unfamiliar antigens may result in the expan-
sion of malignant clones. Several studies have examined the
‘‘hygiene hypothesis’’ and markers of infectious burden as
they relate to NHL risk but, altogether, these studies remain
equivocal (40, 41).

Height is positively associated with circulating levels of
insulin-like growth factor 1 in childhood (42–45) but not in
adulthood (46). Insulin-like growth factor 1 is a major reg-
ulator of childhood growth and mediates most of the ana-
bolic actions of growth hormone (47). In a rodent model,
insulin-like growth factor 1 administration increased the
number of lymphocytes and the size of lymphoid organs
(e.g., spleen and thymus) (48, 49). Insulin-like growth factor
1 also potentiates pro-B to pre-B cell maturation (50), stim-
ulates B-cell proliferation (51), and inhibits apoptosis (52),
all of which may contribute to the promotion of NHL de-
velopment. Thus, insulin-like growth factor 1 levels in
childhood, as reflected by growth patterns and, ultimately,
height, may have long-lasting impact on the development of
NHL.

Evidence from recent studies suggests that early adult life
body size may be associated with a modest increase in risk
of NHL rather than body size later in life (13, 26). The
Multiethnic Cohort Study reported that weight and body
mass index at age 21 years were more strongly associated
with NHL risk than was recent body mass index among
women (13). The Netherlands Cohort Study observed a sig-
nificant positive association between body mass index at age
20 years and risk of lymphatic malignancies overall, al-
though no association was observed for NHL risk (26).
Nevertheless, body size in later life was not associated with
NHL risk as suggested by most recent cohort studies (13,
25–27). The InterLymph Consortium pooled analysis of 18
case-control studies also reported no association between
body mass index around the age at diagnosis and NHL risk
(14). Consistently, a British case-control study reported that
the positive association between body mass index and NHL
risk was more pronounced among individuals diagnosed at
younger ages (11).

The average age of women in most cohort studies at the
time of formation is greater than 50 years. For example, the
mean age at cohort entry was 52.7 years in our study and 60
years in the Multiethnic Cohort Study (13). Thus, weight
and body mass index in early adult life may better represent
body size status during a relevant exposure period, and mea-
surements at cohort entry may reflect later life events in-
cluding changes in health status, menopause, or alterations
in lifestyle. Besides the potential for higher levels of insulin-
like growth factor 1 due to greater caloric intake during
childhood and adolescence as noted above (53), other pos-
sible mechanisms that may mediate an association between
early life obesity and NHL risk include insulin resistance,
chronic hyperinsulinemia, or increased bioavailability of
steroid hormones (6, 54, 55). Recently, studies of polymor-
phisms in the leptin and leptin receptor genes have shown
that leptin, an adipocyte-derived hormone regulating food
intake and immune function, may be a mediator in NHL
pathogenesis (11, 19).

Compared with body mass index, the waist circumference,
waist/hip ratio, and waist/height ratio may be better measure-
ments of body fat distribution. Abdominal obesity, as defined
by waist circumference or the waist/hip ratio, has been shown
to be more strongly related to certain types of cancer than
obesity as defined by body mass index (6). However, consis-
tent with previous studies (8, 12, 27), this study did not find
associations between these factors and risk of NHL.

We found no association between long-term or recent rec-
reational physical activity and NHL risk, consistent with the
results from the Iowa Women’s Health Study (8) but in con-
trast with 2 case-control studies that reported inverse associ-
ations between recent recreational physical activity and NHL
risk (9, 22). Studies of recent activity may provide spurious
inverse associations, because early symptoms of NHL can
result in reduced activity and, therefore, more reported activ-
ity among noncases than among cases. We did not collect
occupational physical activity information in our study. How-
ever, results from 3 previous studies found that occupational
physical activity was not associated with NHL risk (7, 9, 15).

The major strengths of this study include its prospective
design, an evaluation of anthropometric variables reflecting
various aspects of body size, comprehensive follow-up pro-
cedures, virtually complete ascertainment of cancer out-
comes, and our ability to adjust for a broad range of
potential confounders. Several limitations must be consid-
ered. First, the number of cases available by subtype was
limited, resulting in lack of precision in risk estimates. Sec-
ond, self-reported measurements of body size may be inac-
curate, with heavier women being more likely to underreport
weight and shorter women being more likely to overreport
height (56). However, as we mentioned in Materials and
Methods, the self-reported measurements are highly corre-
lated with the measurements by trained interviewers. In ad-
dition, with our cohort design, these measurement errors
would be expected to be nondifferential between affected
women (cases) and unaffected women and, thus, would be
expected to attenuate the true underlying associations with
NHL risk. Finally, this cohort of mostly non-Hispanic white
(86.4%), college-educated women is not representative of all
women in the United States. Nevertheless, the height and
obesity distributions within the cohort are comparable with
those of the US non-Hispanic white population (57, 58).

In conclusion, we found that height was positively asso-
ciated with risk of B-cell NHL, especially CLL/SLL. Height
may well reflect the consequences of early life exposure to
pathogens, suggesting that growth hormone levels or matu-
ration of the immune system may play a role in NHL etiol-
ogy. In addition, body size at age 18 years, which reflects
early life nutritional status, may be modestly associated with
increased B-cell NHL risk. Further studies are needed to
provide insight into the mechanisms involved in these asso-
ciations and to illuminate whether nutritional regulation or
weight loss can decrease NHL risk.
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