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Abstract

In 2021, >100,000 non-Hodgkin lymphoma (NHL) diagnoses are expected, yet few risk factors
are confirmed. In this study, data from six US-based cohorts (568,717 individuals) were used to
examine body size and risk of NHL. Over >20 years of follow-up, 11,263 NHLs were identified.
Hazard ratios (HRs) and 95% confidence intervals (Cl) estimated associations with NHLs for
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adult body mass index (BMI), height, weight change, waist circumference, and predicted fat mass.
Adult height was broadly associated with NHL, but most strongly B-cell NHLs among non-white
participants (e.g., HRg_ack=2.06, 95% ClI: 1.62-2.62). However, the strongest association among
the anthropometric traits examined was for young-adult body mass index (BMI) and risk of
diffuse large B-cell lymphoma (DLBCL), particularly those who maintained a higher BMI into
later adulthood. Individuals with BMI>30 kg/m? throughout adulthood had more than double

the DLBCL risk (HR=2.67, 95% CI: 1.71-4.17) compared to BMI 18.5-<22.9 kg/m?. Other
anthropometric traits were not associated with NHL after controlling for BMI. These results
suggest that sustained high BMI is a major driver of DLBCL risk. If confirmed, we estimate that
up to 23.5% of all DLBCLSs (and 11.1% of all NHLs) may be prevented with avoidance of young
adult obesity.
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Introduction

Collectively, the more than 40 tumors classified as non-Hodgkin lymphoma (NHL) are
expected to account for >100,000 new cancer diagnoses and >25,500 cancer deaths in

the United States (US) in 2021 (Siegel, et a/2021). Incidence and mortality rates for

NHL overall increased dramatically from 1950 to the 1990s (Howlader N 2020). Incidence
continues to rise for some types of NHL, and survival remains notably poor for many
subtypes (Teras, et al 2016). Despite the doubling of all NHL incidence rates since the
mid-1970 (Howlader N 2020), there are few established risk factors (Cerhan, et a/2017) and
no screening tools for these cancers. Evidence for modifiable risk factors that could inform
prevention strategies is particularly limited, especially from prospective studies. Further
complicating the issue is etiologic heterogeneity by NHL subtype, requiring very large
studies to adequately assess risk factors for these cancers by subtype.

Since the early 2000s, increases in the prevalence of overweight and obesity in the U.S.
have slowed, but excess body weight remains a major public health crisis in this country
(Wang, et al 2020). Results of studies on the potential impact of body size on NHL risk
have been mixed. Adult height has been consistently linked to most types of NHL (Abar,

et al 2019b), while associations with other body size measures are less clear, possibly due

to heterogeneity. The 2019 World Cancer Research Fund (WCRF) and American Institute
for Cancer Research (AICR) review concluded that both current and young adult body mass
index (BMI) were positively associated with risk of some (diffuse large B-cell lymphoma
(DLBCL) and chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) but
not all (follicular lymphoma (FL)) of the most common types of NHL. To our knowledge, no
prospective study has examined anthropometric factors and risk of more rare NHL subtypes;
and only a handful have examined metrics of adiposity other than a single measure of adult
BMI and height with NHL risk.
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Of particular concern, prevalence of overweight and obesity in younger adults is much
higher than in previous decades. Among participants in the nationally-representative US
National Health and Examination Survey-1 (NHANES-I), ~6% of adults age 18-21 had an
obese BMI in the early 1970s (CDC), whereas the most recent NHANES survey found that
~28% of young adults were obese (CDC 2017-2018). As sustained weight loss after young
adulthood is relatively uncommon, an important unanswered question is how a lifetime of
excess body weight may impact NHL risk. In this prospective study we set out to clarify
associations between body size and risk of NHL among more than half a million participants
collectively enrolled in six US-based prospective studies, and estimate the proportion of
NHLs that may be attributed to modifiable body size.

Study population

Five of the six prospective studies in this pooled analysis were established, large prospective
cohort studies with repeated measures of anthropometric traits and follow-up for cancer
endpoints: the California Teachers Study (CTS)(Lacey, et a/ 2020), the Cancer Prevention
Study-11 (CPS-I1) Nutrition Cohort (Calle, et a/ 2002), the Health Professionals Follow-up
Study (HPFS) (Rimm, ef a/1991) and the Nurses’ Health Studies (NHS and NHSII)
(Colditz and Hankinson 2005b). The sixth cohort is a subsample of 32,736 participants
from the ~4.6 million racially/ethnically and socioeconomically diverse members of Kaiser
Permanente Southern California (KPSC) (Koebnick, et a/2012), selected using incidence
density sampling (NHLs diagnosed 2007-2012 and 5 controls per case). This study was
approved by the Institutional Review Boards (IRBs) for each of the contributing cohorts. See
Supplemental Methods more information on the design and data collection methods of the
collaborating cohorts.

We excluded individuals with a prior history of cancer (n=30,030), missing/implausible
anthropometric information at baseline (n=15,915), or missing/unknown diagnosis
information (n=7,062). Implausible values for weight and height were defined as < 0.5
percentile (weight: 41.7 kg, height: 143 cm) or > 99.5M percentile (weight: 139.2 kg, height:
191 cm) of participants in the National Health and Examination Survey (NHANES)-II1
(1988-1994). The total analytic cohort included 133,237 men and 435,480 women.

Case ascertainment

Incident NHL diagnoses (ICD-8 codes 200, 202 and 204.1; ICD-O-3 9678-9680, 9684,
9690, 9691, 9695,9698, 9670, 9823, 9689, 9699, 9673, 9687, 9826, 9590, 9591, 9596, 9671,
9675, 9727, 9728, 9833, 9835, 9836) were self-reported and verified via medical record or
linkage with state cancer registries (CPS-II, CTS, HPFS, NHS, NHSII), or were identified
through linkage to a SEER-affiliated cancer registry (KPSC). All cases were classified

for histologic subtype according to the World Health Organization classification scheme
(Swerdlow, et a/ 2008). NHL subtypes with =75 cases in the pooled dataset were analyzed
separately. The NHS-I1 cohort contributed to analyses of all NHL but did not have data to
contribute to subtype-specific analyses.
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Exposure assessment

Weight, height, and BMI—Study participants in CPS-11, CTS, HPFS, NHS, NHS-2
reported current height, current weight, and young-adult weight (age 18 (CPS-1I Nutrition,
CTS, NHS and NHS 11) or age 21 (HPFS)) on the baseline questionnaire. Current weight
was also updated periodically throughout follow-up. Both current and recalled weight have
been validated in these or similar studies (Hodge, et a/ 2020, Rimm, et a/ 1990, Troy, et
al 1995). Measured weight and height information for KPSC was extracted from medical
records. Young adult weight was not available for KSPC participants. BMI (weight in
kilograms divided by height in meters squared (kg/m?2)) was calculated for every reported/
extracted weight. We analyzed young adult BMI and two summary measures of middle/
later adult BMI: “recent” BMI (updated current BMI), and “usual adult” BMI (updated
cumulative average BMI). To assess the relative impact of early vs. later life body size, we
also studied joint associations comparing individuals who were lean (BMI< 25 kg/m?) at
both time points to all other groups.

Other body size measures—Waist circumference (WC) was reported once (CPS-I1) or
on multiple surveys (CTS, HPFS, NHS, NHS-2) for all cohorts but KSPC. Self-reported
waist circumference has been validated against technician measurements (Rimm, et a/
1990) and found to be associated with other cancers (Genkinger, et a/ 2015, Teras, et

al 2014, Wang, et a/ 2008). Individuals with implausibly low waist measurement reports
(i.e., men: <73.7cm; women: <50.8cm) were excluded from relevant analyses. Adult weight
change was calculated as middle/later adult weight (at baseline) minus young-adult weight.
Predicted fat mass was calculated using sex-specific formulas derived and validated using
NHANES data and described in detail elsewhere (Lee, et a/2017). Participants missing data
on any of the variables in the formula were not included in the predicted fat mass analyses.

Statistical analyses

Person-time was calculated from the return date of the baseline questionnaire (or

2007 for KPSC) to the date of NHL diagnosis, death, or the end of follow-up,

whichever occurred first. Because contributing cohorts utilized differing time intervals
between questionnaires, we subdivided follow-up time to one-year intervals to facilitate
harmonization across studies. Person-time was classified according to the most recent
cohort-specific questionnaire with reporting of a given exposure or covariate. Individuals
who reported cancer diagnoses during follow-up were censored at diagnosis date. In cohort-
and sex-specific analyses, there was little evidence of statistically significant heterogeneity
(Supplementary figures 1 and 2); thus, we pooled directly across cohorts to maximize

our sample size for statistical modeling. When updated anthropometric information was
available, exposure data was updated in a time-dependent fashion. Information was carried
forward if participants missed one follow-up survey, but they were dropped from the model
if they missed two or more consecutive surveys, until they subsequently provided updated
exposure information. Extended Cox regression (25), fit to the pooled data and stratified
by sex and cohort, age (continuous), and calendar year of follow-up, was used to estimate
time-dependent hazard ratios (HRs) and 95% confidence intervals (ClI) for the risk of NHL
associated with each exposure variable.
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All anthropometric factors were modeled as continuous and categorical variables.
Individuals missing exposure variables were excluded from continuous variable analyses
but were put in a missing category for categorical analyses. BMI was categorized according
to WHO cutpoints (WHO 2000) and into finer categories where sample size allowed.
Specifically, recent and usual adult BMI categories were BMI < 18.5 kg/m?, 18.5-22.9
kg/m?2, 23-24.9 kg/m? (“lean”), 25-29.9 kg/m? (“overweight”), 30-34.9 kg/m? (“class 1
obese”), 35-39.9 kg/m? (“class 2 obese™) and =40 kg/m? (“class 3 obese”). Young adult
BMI categories were < 18.5 kg/m?, 18.5-22.9 kg/m?2, 23-24.9 kg/m?, 25-29.9 kg/m?, and
>30 kg/mZ2. Joint associations for young and later/middle adult BMI were assessed using
collapsed categories for BMI at both time points: 18.5-<25 kg/m?, 25-<30 kg/m?, =30
kg/mZ2. Waist circumference (WC) was categorized using cutpoints summarized in a WHO
expert panel report (WHO 2000) (women: <80cm (ref), 80-<88cm, and =88cm; men: <94cm
(ref), 94-<102cm, and =102cm). Quartiles were used for predicted fat mass (Q1:< 19.8kg
Q2: 19.8 - < 23.6kg, Q3: 23.6 - < 29.0kg, Q4: =29.0kg). Weight change categories were
chosen to examine the most extreme amounts of weight change, while maintaining adequate
sample size: (weight loss: = 10 kg, 4.5 - < 10 kg, 2 - < 4.5 kg, stable weight (+/- 2 kg),
weight gain: 2 - <4.5 kg, 4.5-<10kg, 10 - < 20 kg, 20 - < 30 kg, and = 30 kg).

Multivariable models initially included sex, age, race, cohort, educational attainment (<
high school, high school graduate, college graduate, missing), alcohol consumption (current
consumption, no current consumption, missing), and smoking status (never, past, current,
missing), and other anthropometric factors. The results were almost identical regardless of
covariates, and we therefore present more parsimonious models (controlled only for sex,
age, and cohort). Full models are shown in the supplementary material for comparison
(Supplementary Table I). Between-study heterogeneity was assessed using a random effects
meta-analysis approach, (DerSimonian and Laird 1986, Smith-Warner, et a/ 2006). Effect
measure modification by sex and race was evaluated in stratified models (Supplemental
Table I1) but, with the exception of height, results for the total cohort population were shown
in the main manuscript tables due to sample size or lack of heterogeneity. All statistical tests
were two-sided, and P-values <0.05 were considered statistically significant.

Population attributable risk—Estimates of population attributable risk (ARp%) were
calculated using historical and contemporary NHANES survey data (5, 6) and HRs for
modifiable body size factors associated with NHL in the present study:

k
Yi=2(RR;— 1)P;
k
1+ ¥i=2(RRj— 1)P;

ARp% =100%

/= a given non-reference stratum among a total of k strata; #/”R~= RR for NHL in stratum 7,
PgFprevalence of exposure in stratum 7

Among 568,717 individuals in the analytic cohort, 11,263 non-Hodgkin lymphoma cases
were identified over an average of 20 (up to 37) years of follow-up. NHL subtypes

Br J Haematol. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Teras et al.

Height

Page 6

with sufficient sample size for analyses were CLL/SLL (n=2,824), DLBCL (n=2,722), FL
(n=1,707), marginal zone lymphoma (MZL; n=967), mantle cell leukemia (MCL; n=311),
Waldenstrom macroglobulinemia/lymphoplasmacytic lymphoma (LPL/WM; n=199), Burkitt
lymphoma (BL; n=94), peripheral T-cell lymphoma (PTCL; n=312), and mycosis fungoides/
Sezary syndrome MF/SS; n=259). On average, participants were age 50 years (IQR: 38 to
62 years) at baseline (Table I). Three-quarters of the analytic cohort identified as female
(n=435,480) and 10% percent identified as non-White (n=54,474). The average BMI at
baseline was 25 kg/m? and ranged from 23.8 kg/m? in NHS (study baseline year: 1976) to
28.3 kg/m? in KPSC (study baseline year: 2007).

Adult height was associated with NHL overall (HR {giguT =1.18, 95% CI: 1.15-1.22 per
10 cm (Table I1); and was the only anthropometric factor broadly associated with most NHL
subtypes examined. Increased risks of NHL subtypes ranged from 10% (DLBCL) to 33%
(MCL) per 10 cm additional height (Table I1). Associations with height were similar by

sex (all NHL HR: 1.17 for women; 1.20: for men) but varied by race. Positive associations
were observed for all race groups but were stronger in non-white participants (Table I1). For
B-NHL, the association with height was strongest for Black participants HR =2.06, 95% CI:
1.62-2.62, but also stronger for Asian/American Indian/Hawaiian (HR=1.65, 95% CI: 1.30—
2.10) compared to White participants (HR=1.13, 95% CI: 1.09-1.18) (Table II; p<0.0001).
Associations for T-NHL were similar across sex and race groups with the exception of a
suggested inverse association for Asian/American Indian/Hawaiian participants 0.71 (0.28 —
1.76).

Young-Adult BMI

Young-adult BMI was the strongest risk factor for NHL among the anthropometric traits we
analyzed (HR =1.14, 95% Cl: 1.10-1.20 per 5 kg/m?; Table 111). Hazard ratios for NHL
were elevated for individuals with an overweight (HR=1.17, 95% CI: 1.07-1.28) and an
obese young-adult BMI (HR =1.29, 95% CI: 1.07-1.56; Table I11) compared to the reference
category (18.5-22.9 kg/m?). Associations for both B- and T-NHL were similar to the all
NHL results. In subtype-specific results, the association with young-adult BMI appeared
limited to DLBCL (HR=1.22, 95% CI: 1.11-1.35 per 5 kg/m?; p-trend: <0.001; Figure 1),
though the differences by subtype were not statistically significant (p-heterogeneity=0.67).
In categorical analyses, young-adult BMI=30 kg/m? was associated with approximately
double the risk of DLBCL compared to BMI 18.5-22.9 kg/m? (HR =1.91, 95% CI: 1.32—
2.77; Figure 1). These associations did not vary by sex (Supplementary Table II). Because
KPSC - the most diverse cohort - did not have data on young-adult BMI, we did not have
adequate sample size to examine young-adult BMI associations separately by race.

BMI across adulthood

We also observed a positive association between usual (cumulative average) adult BMI
and overall NHL risk, but it was weaker than the association with young-adult BMI. In
categorical analyses, there was no clear trend with increasing usual adult BMI levels, but
class 3 obesity (>40kg/m2) BMI was associated with a 20% (95% Cl: 4-37%) higher
risk of NHL (Table I11). Results for B- and T-NHL were again similar to all NHL. In
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subtype analyses, just as with young-adult BMI, DLBCL was the only subtype positively-
associated with usual-adult BMI (p-heterogeneity <0.001). For BMI categories above 30
kg/m2, DLBCL risk increased in a dose-dependent fashion compared to BMI 18.5-<25
kg/m? (usual adult BMI 30-<35 kg/m?%: HR=1.17, 95% CI: 1.03-1.34; BMI 35-<40 kg/m?:
HR=1.28, 95% CI: 1.06-1.54; BMI 240 kg/m?: HR= 1.52, 95% CI: 1.18-1.96; p-trend:
<0.001; Figure 2). The DLBCL association with usual adult BMI was similar in magnitude
across sex and race groups (Supplementary Table I1). The only other subtype associated
with usual adult BMI was LPL/WM, but in the opposite direction from DLBCL. Both usual
(HR=0.75, 95% CI: 0.62-0.90 per 5 kg/m? (Figure 2) and recent BMI: HR=0.75, 95% ClI:
0.63-0.90) (Supplementary Table 1) were inversely associated with LPL/WM risk. Recent
BMI was not associated with any other NHL subtype, nor with NHL overall (Supplementary
Table I1).

In joint association analyses, individuals who were overweight in young adulthood and had a
usual adult BMI in the obese range (BMI above 30 kg/m?2) had a 42% higher risk of DLBCL
(HR=1.42, 95% CI: 1.05-1.92) compared to stable BMI 18.5-<25 kg/m? during adulthood
(Figure 3). Individuals who were obese both in young and middle/later adulthood had more
than two-fold higher risk of developing subsequent DLBCL (HR=2.67, 95% ClI: 1.71-4.17;
Figure 3). Although very few participants were overweight/obese in young adulthood and
lost enough weight to have a lean BMI in middle/later adulthood, our results suggest that the
relative risk of DLBCL for these individuals is not elevated compared to the stable lean BMI
group (Table I11; figure 3).

Other body size measures

Other body size measures were weakly, if at all, associated with NHL or any of the NHL
subtypes (Table V). Waist circumference was positively associated with all NHL (HR=1.05,
95% CI: 1.01-1.09 per 15cm), and associations were at least suggestive for most NHL
subtypes, most notably for BL (HR=1.77, 95% CI: 1.05-2.98). However, no clear patterns
by waist circumference categories emerged (Table IV). Like BMI, the only NHL subtype
associated with predicted fat mass was DLBCL (Q4 v. Q1 HR=1.30, 95% ClI: 1.04-1.62;
Table 1V). Absolute amount (in kg) of weight change from young to later adulthood did not
appear to be associated with NHL or any of the NHL subtypes.

Population Attributable Risk

As adult BMI was the only modifiable risk factor associated with NHL in this study, we
estimated the proportion of US NHL cases that could be attributed to having a BMI>25
kg/m2. In particular we focused on young-adult BMI as this was the BMI measure most
strongly related to risk. We first estimated the ARp based on the prevalence of overweight
and obesity at the time when the majority of study participants were young adults. Using
prevalence data from NHANES | (1971-1975) we estimate that young-adult BMI explained
8.3% (95% CI: 0.0% - 19.1%) of DLBCL cases and 4.2% (95% CI: 0.0% - 8.9%) of NHL
cases overall. Because the prevalence of excess body weight has increased so dramatically
since that time (Hales, et a/2020), we estimate that currently 23.5% (95% CI: 5.4% - 39.3%)
of DLBCLs and 11.1% (95% ClI: 2.4% - 19.4%) of NHLs can be attributed to young-adult
BMI.
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Discussion

In this large prospective study, we confirmed—and expanded upon—the findings of previous
epidemiologic studies of body size and NHL risk. We confirmed that height was associated
with NHL and the more common NHL subtypes (DLBCL, CLL/SLL, FL), and found that

it is also associated with rarer subtypes like MCL and MF/SS. We further found that height
was associated with NHL across race groups but was strongest for Black study participants
and weakest for White participants. BMI was positively associated with the most common
NHL subtype (DLBCL) only. Young adult BMI, in particular, was a strong risk factor for
DLBCL. Individuals who had an obese young-adult BMI, and remained obese throughout
adulthood, had an almost 3-fold higher DLBCL risk compared to maintenance of a lean
body mass throughout adulthood. Though adult weight loss is a rare occurrence, our results
suggest that DLBCL risk is attenuated in participants who moved to a lower average BMI in
middle/later adulthood. We also observed associations between other anthropometric factors
and rarer NHL subtypes, including a positive association between waist circumference and
BL, and an inverse association between current adult BMI and WM/LPL. Of note, a large
case-control study observed a similar inverse association with WM/LPL (Vajdic, et a/2014).
While intriguing, these results require confirmation from larger prospective studies. Our
results underscore the etiologic heterogeneity of these cancers that were once considered a
single disease, and posit further questions about the variable biology of lymphomagenesis.

In this study, the only consistent body size association across subtypes was height. This
finding agrees with most previous studies on the topic including the recent WCRF/AICR
review (Abar, ef a/2019b). Given that height is also associated with several other cancers in
multiple populations (Choi, ef a/ 2019, Green, et al2011), the mechanism is likely a global
cancer trigger. A recent Mendelian randomization study of height and NHL risk found little
evidence of an association (Moore, et a/2019), however, suggesting that genetics may not be
the major driver of this association. Other hypotheses include the direct effect of a greater
number of cells available for replication with taller stature (Giovannucci 2019), growth
factors (Giovannucci 2019), and exposure to childhood infections which may simultaneously
impact adult height and risk for NHL (Hwang, et a/2013). Our finding of a stronger

height association for non-white race participants is intriguing. Further exploration of these
differences is needed.

BMI was the only remaining factor positively linked to NHL risk, and unlike height, driven
by the association with only one subtype (DLBCL). Positive associations between waist
circumference and predicted fat mass with DLBCL risk were also suggestive, but neither
persisted after mutual control for BMI. We hypothesize that the weaker associations may
be due to the smaller available sample size for these analyses (approximately 30% of the
total study population had the relevant data). Though the 2016 IARC panel on body size
and cancer deemed the evidence for causality between BMI and DLBCL to be limited,
(Lauby-Secretan, et al 2016) this likely reflected results from small, earlier studies. A recent
WCRF/AICR review (Abar, ef a/2019a), as well as another recent meta-analysis (Hidayat,
et al 2018) found that BMI, particularly young adult BMI, was associated with DLBCL.
Our study expands these findings and shows that that the higher DLBCL risk associated
with high early adult BMI is most relevant to those who remain at a high BMI throughout
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adulthood, and in a dose dependent fashion. These findings suggest that cumulative exposure
to excess adiposity is a major driver of DLBCL risk, perhaps via persistent inflammation,
hyperinsulinemia, and/or the influence of adipokines (Hosgood, et a/2018, Kolb, et a/
2016). Future studies assessing the impact of physical activity and/or nutrition-based weight
loss interventions on reduction of DLBCL risk are warranted.

Future studies are also needed to expand upon our findings among non-white participants,
including the observed differences for height and NHL risk. Though the present study
included a substantial number of non-white participants overall, the sample sizes in key
groups, such as overweight/obese, Black, Hispanic, or Asian/American Indian/Hawaiian
young adults, were too small to study. In part this was due to unavailable data for some of
the body size measures (KPSC) or NHL subtypes (NHS-I1, NHS, HPFS). Other limitations
include self-reported weight and height in all but KPSC. However, validation studies have
shown that, overall, the correlation between self-reported and measured weight is very

high (r = 0.97), and the amount of misclassification is small (Lawlor, et a/2002, Luo,

et al 2019, Wright, et a/ 2015). Overweight/obese women may be slightly more likely to
underreport weight (Luo, ef a/2019), but it is unlikely this misclassification would differ

by case status. Finally, though we saw no evidence of confounding in our multivariable
models, we acknowledge the potential for unmeasured confounding due to missing covariate
information for some study participants. However, the data were complete (age and sex) or
near complete (race, 4% missing) for the factors previously established as strong NHL risk
factors, and we do not think that the missing data is likely to have had a major impact on our
results or changed our conclusions. Despite these limitations, this is the most comprehensive
prospective study of body size and risk of NHL subtypes in the US to date. Strengths include
the prospective assessment of anthropometric traits and their changes during follow-up, long
follow-up of a large cohort of individuals across the US, centralized harmonization of the
data, and the ability to evaluate potential confounders. Further, the findings appear robust to
period and cohort effects, despite the changing prevalence of obesity over time, as results
were similar across cohorts, regardless of baseline year and length of follow-up. Future
studies should expand upon our findings by race and continue to study associations with rare
subtypes like T-NHLs. Further, exploration of other obesity-related factors such as type-I|
diabetes, and possible risk reduction factors such as physical activity, may offer additional
clues as to the mechanisms of this association or possible NHL risk mitigation strategies.

In summary, these results confirm that height is a consistent NHL risk factor, and that excess
body weight in young adulthood has a measurable impact on risk of the most common

type of NHL, particularly for those who remain heavy throughout their adult life. If this
association is confirmed, we estimate that up to a quarter of all DLBCLSs (and 11% of all
NHLs) may be prevented with avoidance of young adult overweight/obesity. This estimate
represents almost triple the fraction of DLBCL cases attributable to excess adiposity in

the 1970s when most of these study participants were young adults. Though other factors
undoubtedly play an important role in risk of developing this cancer, early intervention to
help individuals maintain a healthy bodyweight throughout their adult lives may be a key
prevention strategy for a cancer without known modifiable risk factors.
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Figure 1. Estimated relative risks for associations of young adult BMI and risk of NHL subtypes
in a pooled cohort* of US men and women

Abbreviations: Cl, confidence interval; CLL, chronic lymphocytic leukemia/small
lymphocytic lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
HR, hazard ratio; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; WM/LPL,
Waldenstrém macroglobulinemia/lymphoplasmacytic lymphoma;

*Analyses include CPS-11, CTS, HPFS, NHS participants; KPSC and NHS-I1 are not
included in these analyses because the relevant data was not available.

"*HRs adjusted for age, sex, cohort
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Figure 2. Relative risks and 95% confidence intervals for associations of usual adult BMI and
risk of NHL subtypes in the pooled cohort* of US men and women

Abbreviations: Cl, confidence interval; CLL, chronic lymphocytic leukemia/small
lymphocytic lymphoma; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
HR, hazard ratio; MCL, mantle cell lymphoma; MZL, marginal zone lymphoma; LPL/WM,
Lymphoplasmacytic lymphoma/Waldenstrém macroglobulinemia;

*Pooled cohort includes CPS-11, CTS, HPFS, KPSC, NHS; NHS-2 did not have NHL
subtype information available.
"*HRs adjusted for age, sex, cohort
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p-heterogeneity for subtype results: p<0.0001
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. + N/Rt n

= |
]
Usual BMI Usual BMI Usual BMI Usual BMI Usual BMI Usual BMI Usual BMI Usual BMI Usual BMI
lean overweight  obese lean overweight obese lean overweight  obese
n=398 n=331 n=118 n=13 n=51 n=42 n=3 n=6 n=21
Young adult BMI Lean Young adult BMI Overweight Young adult BMI Obese

Figure 3. Joint association of young and usual adult BMI with risk of diffuse large B-cell
lymphoma (DLBCL) in the pooled cohort*

*Pooled cohort includes CPS-II, CTS, HPFS, KPSC, NHS; NHS-2 did not have NHL
subtype information available

HRs adjusted for age, sex, cohort

BMI category labels: “lean” = BMI 18.5-<25 kg/m?, “overweight” = BMI 25-<30 kg/m?,
“obese” = BMI 230 kg/m?

TN/R= not reported due to small sample size (n<5)
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Table Ill.

all NHL B-cell NHL* T-cell NHL*

n HR™ (5% CI) N HR™@5%Cl) N HR™ (95% CI)
Young adult BMI
<18.5 kg/m? 561 0.90 (0.82-0.98) 438 0.89 (0.81-0.99) 36  1.00 (0.69-1.43)
18.5-22.9 kg/m? 3,387 1.00 (ref) 2,657 1.00 (ref) 187 1.00 (ref)
23-24.9 kg/m? 806  1.06(0.98-1.14) 623 1.03(0.94-1.12) 50 1.17 (0.85-1.61)
25-<29.9 kg/m? 606 1.17 (1.07-1.28) 469 1.15(1.04-1.27) 34 1.18(0.81-1.72)
>30 kg/m? 111 1.29 (1.07-1.56) 81 1.26 (1.00-1.57) 6 1.20 (0.53-2.73)
per 5 kg/m? 5471 1.14(1.10-1.20) 4,268 1.13(1.07-1.19) 313 1.15(0.96-1.38)
Usual adult BMI
<18.5 kg/m? 112 1.06 (0.87-1.29) 80 0.92 (0.73-1.16) 6 0.84 (0.35-1.99)
18.5-22.9 kg/m? 2,298 1.00 (ref) 1,802 1.00 (ref) 139 1.00 (ref)
23-24.9 kg/m? 2,064 1.02(0.96-1.08) 1,657 1.01(0.94-1.08) 145 1.13(0.88-1.45)
25-29.9 kg/m2 4,205 0.98(0.93-1.04) 3,533 0.98(0.93-1.05) 310 1.11(0.89-1.38)
30-<35 kg/m? 1,750 099 (0.92-1.06) 1,463 0.98(0.91-1.06) 129 0.99 (0.76-1.30)
35-<40 kg/m? 588 1.04 (0.95-1.15) 493 1.06 (0.95-1.18) 47  1.06 (0.72-1.54)
>40 kg/m? 256 1.20 (1.04-1.37) 207 117 (1.00-1.36) 20  1.18(0.71-1.98)
per 5 kg/m? 11,263 1.01(0.99-1.03) 9,235 1.01(0.99-1.04) 796 1.01 (0.94-1.09)
Young adultf, usual adult BMI (joint association) §
Lean, lean 2,118 1.00 (ref) 1,616 1.00 (ref) 120 1.00 (ref)
Lean, overweight 1,525 096 (0.90-1.03) 1,253 0.99(0.92-1.07) 80  0.82 (0.62-1.10)
Lean, obese 523 1.06(0.96-1.17) 389  1.02(0.91-1.14) 36  1.26(0.86-1.84)
Overweight, lean 108 1.10(0.90-1.34) 81  1.05(0.84-132) 9  1.55(0.78-3.07)
Overweight, overweight 284 1.21(1.06-1.37) 224  1.19(1.03-1.38) 17  1.19(0.70-2.00)
Overweight, obese 212 110(0.96-1.27) 162 1.12(0.95-1.32) 8  0.70(0.33-1.45)
Obese, lean 15 1.08 (0.64-1.79) 11 0.95(0.53-1.73) 3 NAP
Obese, overweight 31 1.29 (0.90-1.84) 26 1.35 (0.91-2.00) 0 NA®
Obese, obese 65 1.32(1.03-1.70) 44 1.30 (0.96-1.75) 3 NAZ

Page 22

Estimated relative risks of non-Hodgkin lymphoma (NHL), B-cell NHL, and T-cell NHL by adult body mass
index in a pooled cohort *of US men and women

1duosnuep Joyiny

Abbreviations: BMI, body mass index; ClI, confidence interval; CPS-11, Cancer Prevention Study-II Nutrition Cohort; CTS, California Teachers’
Study; HR, hazard ratio; HPFS, Health Professionals Follow-up Study; KPSC, Kaiser Permanente Southern California; NHS, Nurses’ Health
Study; NHSII, Nurses” Health Study 11

*
Analyses included participants from all six cohorts: CPS-1l, CTS, HPFS, KPSC, NHS, NHS-2 unless otherwise specified.
*A

HRs adjusted for age, sex, and cohort.

fKPSC was not included in analyses of young adult BMI because the relevant information was not available from this cohort.

Br J Haematol. Author manuscript; available in PMC 2023 June 01.
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’tNHS—II was not included in analyses specifying NHL subtypes because the relevant information was not available from this cohort.
§

BMI category labels: “lean” = BMI 18.5-<25 kg/mz, “overweight” = BMI 25-<30 kg/m2, “obese” = BMI 230 kg/m2

oo
HRs based on fewer than 5 cases are not reported in tables
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