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Abstract

Blood donation may influence subsequent NHL development via temporary immune system
alterations. To test the hypothesis that frequent blood donation is associated with an increased risk
of NHL and its most common histologic subtypes, we followed 36,576 men in the Health
Professionals Follow-up Study (HPFS), who provided information on frequency of blood donation
in the past 30 years in 1992. We confirmed 544 incident cases of NHL through 2010. Cox
proportional hazards regression was used to calculate hazards ratios (HR) and 95% CI for the risk
of all NHL and major NHL histologic subtypes associated with number of blood donations. In this
prospective study, there was no significant evidence of an association between blood donation
frequency and incidence of NHL (age-adjusted HR 1.26, 95% CI 0.94-1.68, comparing >20
donations vs. 0 donations over 30 years, p for trend = 0.18) or of any major NHL subtypes.
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INTRODUCTION

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of lymphoid malignancies [1].
Incidence rates of NHL have markedly increased over the last few decades worldwide, but
the reason for such increase has been largely unexplained [1,2]. Among known risk factors,
severe immune deficiency is well established to increase the risk of NHL [2]. Immune-
modulating stimuli and exposures are also associated with the risk of NHL [3-5].
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Blood donation has been demonstrated to cause temporary immune system alterations in
human studies [6-8]. It is not yet known whether such temporary immune system alterations
following blood donation influence the risk of NHL. The long-term effect of blood donation
on cancer incidence has not been thoroughly investigated despite its potentially large impact
on the population. A large nested case-control study within a cohort of blood donors in
Sweden and Denmark revealed an increased risk of NHL among frequent plasma donors, but
not among whole blood donors [9]. The few other epidemiological studies that evaluated the
association between blood donation history and lymphoma risk showed conflicting results
[10-13], and none estimated a dose-response relationship. Results of these studies have been
difficult to interpret because of the possible influence of healthy donor effects or different
baseline characteristics among blood donors compared to the respective reference
population. Finally, none evaluated possible associations with specific NHL histologic
subtypes, which may be etiologically distinct [14].

To test the hypothesis that frequent blood donation is associated with an increased risk of
NHL and its most common histologic subtypes, we conducted a prospective study in the
Health Professional Follow-up Study (HPFS) cohort.

MATERIALS AND METHODS
Study Population

The HPFS is a cohort study established in 1986. A total of 51,529 men between ages 40 to
75 years participated in the study. Every two years since its inception, participants have been
mailed a self-administered questionnaire about demographic factors, lifestyle, and medical
history. Information on blood donation history was collected for the first time in 1992 and
was updated once in 1996. Thus, we defined the baseline population for the present analysis
among the participants who returned the 1992 questionnaire (n=46,203). From those, we
excluded men who had an unknown date of NHL diagnosis (n=13), had a history of cancer
(except for non-melanoma skin cancer) (n=3662), or were missing data on blood donation
history in 1992 (n=5952), which left a total of 36,576 men in the analytic cohort. Comparing
men who did and those who did not answer the blood donation question, there were no
substantial differences with respect to age, body mass index, height, physical activity,
smoking history, and alcohol consumption (data not shown). Vital status was identified from
the National Death Index, report from next-of-kin or the post office (i.e., when a
questionnaire mailed to a deceased participant was returned).

This study was approved by the Human Subjects Committee of the Harvard School of Public
Health. Informed consent was implied by return of the baseline questionnaire.

Case Ascertainment

The outcome is incident diagnosis of NHL, identified by follow-up questionnaires and
confirmed by review of medical records and pathology reports (98%), death information, or
self-confirmed by participant. Cases were defined according to the International
Classification of Diseases, Eighth Revision (ICD-8) codes, 200, 202, and 204.1. Major
histologic subtypes of NHL were determined according to the World Health Organization
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(WHO) classification of lymphomas [15] based on morphology and immunophenotype
information available in medical records and the pathology report and consistent with recent
International Lymphoma Epidemiology (InterLymph) Consortium guidelines [16,17]. For
diagnoses of chronic lymphocytic leukemia / small lymphocytic lymphoma (CLL/SLL) and
follicular lymphoma (FL), immunophenotype information was not required for tissue
diagnoses as it was considered that morphology alone can reliably diagnose these histology
subtypes [15]

Exposure Assessment

The exposure is self-reported history of blood donation as characterized by response to the
1992 and 1996 questionnaires. The 1992 questionnaire queried the total number of blood
donations over the prior 30 years, with 8 response categories: never, 1-5, 6-9, 10-19, 20-29,
30-59, 60-89, or 90 donations or more. We collapsed the four highest categories (20-29,
30-59, 6089, and 90 donations or more) into one category (i.e., 20+) to optimize statistical
balance and stability. On the 1996 questionnaire, participants were asked to report total
number of blood donations over the prior 4 years, with 8 response categories; never, 1-2, 3—
4,5-8, 9-12, 13-16, 17-20, or 21 donations or more. We dichotomized this variable into
never vs. 1 because relatively few men reported donating blood during this period.

Statistical Analyses

Person-time accrued for each participant from January 1992 (i.e., the mailing date of the
1992 questionnaire) to the earliest among dates of NHL diagnosis, death, or January 2010
(end of follow-up). Participants who died or reported cancer during follow-up were censored
and excluded from subsequent follow-up. Cox proportional hazards models, stratifying
jointly by calendar year of the current questionnaire cycle and age in months (i.e., the time
scale), were used to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the
risk of all NHL associated with number of blood donations (1-5, 6-9, 10-19, or 20+, vs.
none). Separate models were fit for the most common NHL histologic subtypes: diffuse
large B-cell lymphoma (DLBCL), FL, and CLL/SLL. To evaluate potential confounding by
putative NHL risk factors, we fit multivariable models that included the following
covariates: smoking (never, past, or current), alcohol consumption (<0.5, 0.5-4.9, 5.0-9.9,
10.0-19.9, 20+ grams/day), body mass index (BMI; <23, 23-24.9, 25-26.9, 27-29.9, 30+
kg/m?2), physical activity (quintiles of metabolic equivalent (MET)-hours/week), height
(centimeters, continuous), and race (White or other vs. Black or Asian) [18-22]. Covariates
were updated with each questionnaire cycle and considered to be confounders if their
inclusion in a given model resulted in substantial (i.e., >10%) changes in the corresponding
HR. To account for missing values for categorical covariates, we included a missing
indicator category. Multivariable models for NHL histologic subtypes are not reported
because of the small number of incident diagnoses of any given histologic subtype. To test
our assumption of a linear trend between blood donation frequency and incidence of NHL,
we fit a model using the mid-point of each blood donation category as a continuous variable.
We used a contrast test, which followed an approximate x2 distribution, to test whether
associations of blood donation with major NHL histologic subtypes differed significantly
[23,24]. Departures from the proportional hazards assumption, i.e. effect modification by
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age, was tested by likelihood ratio tests comparing models with and without the interaction
terms of age by exposure.

We performed a separate analysis to evaluate associations between frequency of blood
donation within 4 years and risk of NHL based on the 1996 questionnaire. We counted
person-time from January 1996 (i.e. the mailing date of the 1996 questionnaire), and fit Cox
proportional hazards models, stratifying by questionnaire cycle and age in months.
Multivariable models were not fit given a relatively small case count in this reduced data set
and the lack of evidence of substantial confounding in our main analysis. People with
undiagnosed NHL may have symptoms that decrease their ability or willingness to donate
blood. To diminish any possible influence of subclinical NHL on blood donation, a
sensitivity analysis was performed, restricting analysis to person-time and NHL diagnoses
that occurred from 1998 onward. We chose 2 years as the length of exposure lag in this
sensitivity analysis because prior literature showed that donation intensity started to decrease
no more than 2 years before the diagnosis of NHL [9].

All statistical tests were two-sided, and p-values <0.05 were considered statistically
significant. We calculated a minimum detectable hazard ratio of 1.5 comparing extreme
exposure categories and assuming 80% power and an alpha level of 0.05 [25]. Analyses
were performed with SAS Version 9 for UNIX (SAS Institute Inc.).

RESULTS

During 526,119 person-years of follow-up, 544 incident cases of NHL were confirmed,
including 59 DLBCL, 55 FL, 189 CLL/SLL, 21 T-cell lymphoma, and 220 uncommon or
unspecified B-cell lymphoma or unclassifiable for histologic subtype. Participant
characteristics were not substantially different at baseline among blood donors and non-
donors with respect to age, race, and distribution of potential NHL risk factors (Table 1).

Table 2 shows association between number of blood donations over a 30-year period and
incidence of NHL. In the age-adjusted model, there was no significant association between
blood donation frequency and incidence of NHL overall or of any histologic subtype
evaluated (i.e., DLBCL, FL, or CLL/SLL) (Table 2). For example, the age-adjusted HR of
all NHL comparing men in the highest blood donation category (i.e. 20+ over 30 years) with
non-donors was 1.26 (95% CI 0.94-1.68, p for trend = 0.18). In the multivariable model,
there was no evidence of confounding of the association between the incidence of all NHL
and blood donation by covariates considered, including smoking history, alcohol
consumption, body mass index, height, physical activity, and race (Table 2). Although
inclusion of these selected covariates in multivariable models did not result in substantial
differences in the HR estimates, we presented the multivariable model to allow comparison
with previous literature. Given limited statistical power and lack of evidence of confounding,
multivariable models are not presented for the analyses by major NHL histologic subtypes.
There was no evidence of heterogeneity in effects by histologic subtypes of NHL (p=0.86).
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Similarly, there was no association between more recent blood donation history (i.e., within
4 years) and NHL in the analyses from 1996-2010 or after incorporating the 2-year exposure
lag (data not shown).

DISCUSSION

In this large prospective cohort study, we found no evidence of an association between the
frequency of blood donations and incidence rate of NHL or its major histologic subtypes.

Among five published articles about blood donation history and lymphoma [9-13] only one
study assessed the dose-response relationship between blood donation frequency and
lymphoma [9]. In this large nested case-control study in Swedish and Danish blood donors
with 482 NHL cases, no significant association between blood donation overall and NHL
was observed (OR 1.27, 95% CI 0.84-1.94, comparing the highest (>25 donations) vs. the
lowest category of blood donations 3-12 years before diagnosis (1-8 donations), Pieng =
0.07). However, in analyses specific to blood donation types (i.e. whole blood donation or
plasma donation), a significant positive association with NHL was noted for frequent plasma
donors (OR 2.14, 95% CI 1.22-3.74, comparing the highest (>25 donations) vs. the lowest
category of plasma donations 3-12 years before diagnosis (0 donations), Pienq = 0.05). The
authors acknowledged that this could be a chance finding in their setting of multiple
comparisons and a limited number of cases, and that differences of socioeconomic status
among frequent compared to less frequent plasma donors or potential unmeasured
confounders may partially explain the plasma donor-specific finding [9]. In the present
analysis, our study population of licensed health professionals is not likely to vary markedly
by socioeconomic status, and we did not observe any evidence of confounding by putative
risk factors such as alcohol consumption, smoking history, BMI and physical activity.

Three other studies, one of which overlapped with the Scandanavian study described above
[9], reported no increase in the incidence of NHL among blood donors compared to the
general population [10-12]. However, these null results may reflect the healthy lifestyle and
other factors common among blood donors compared to general population [26]. In support
of a healthy donor effect, a recent cohort study of blood donors in the Retroviral
Epidemiology Donor Study (1991-2002) at the Blood Centers of the Pacific (BCP), San
Francisco, who were linked to the California Cancer Registry reported an increased
incidence of all cancers and of lymphoma (not further categorized) compared to the general
U.S. population (SIR 1.72, 95% CI 1.39-2.12) but significantly lower overall mortality
among donor cancer patients [13]. The authors speculated that the observed increase in
cancer incidence among blood donors was due to the differences in other sociodemographic
characteristics, such as age, race, and education, as well as differences in health-seeking
behavior and access to health care, rather than a true etiologic association.

No previous studies have reported possible associations of blood donation and histologic
subtypes of NHL, which may be etiologically distinct [14]. In our subtype analyses, which
were exploratory in nature, we did not observe an association between blood donation and
any major subtype, and there was no evidence of heterogeneity in effects by subtypes. These
results should be interpreted with caution because of limited statistical power.
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Severe immune deficiency is well established to increase the risk of NHL [15].
Accumulating evidence shows that not only immune deficiency but also conditions that
trigger chronic immune stimulation, such as autoimmune diseases and certain infections
have etiologic roles in NHL [3,27-29]. Blood donation could influence subsequent NHL
development via temporary immune system alterations following blood donation, which
have been demonstrated in some [6-8], but not all [30], human studies. Studies that
specifically investigated the influence of plasma donation on the immune system have also
shown conflicting results [31-33]. It is difficult to speculate whether immune system
alterations after blood donation are truly transient or substantial enough to cause observable
long-term health effects.

There are important limitations to our analyses. First, blood donation history was queried
only twice during cohort follow-up, and we did not have information on the timing or type
of reported blood donations (e.g., plasma vs. whole blood). We therefore could not
investigate how the timing and patterns of blood donations may have influenced the results.
Second, the information on blood donation frequency was obtained through self-reported
questionnaire and was not confirmed objectively, which could lead to exposure
misclassification. We identified a single report suggesting that while there is high agreement
between self-reported blood donation and record-confirmed donation for ever vs. never,
study participants over-reported frequency of donation [34]. However, in a subset of 305
HPFS participants with serum ferritin measures (a marker of iron stores), the mean ferritin
levels were about 2-fold lower in the high donation groups (e.g. 30+ lifetime donations)
compared to non-donors, indicating that self-report has been well validated in this
population [35]. Further, given the prospective design of our study, exposure
misclassification is generally expected to be non-differential with respect to NHL diagnosis,
but it might have led to an attenuation of a weak association if present. Moreover, we had a
relatively limited number of incident cases and therefore low statistical power, particularly
for subtype analysis, thus we cannot exclude the possibility of a weak association. No
exclusions were made for HIV status, other viral or bacterial infections, or organ
transplantation, endpoints that have not been formally assessed in follow-up. These factors
could be related to both blood donation and NHL risk; however, the prevalence of these
conditions is expected to be rare and therefore any bias due to confounding by these factors
is likely to be minimal. While follow-up rates in the HPFS are typically >90%, some
incident NHL cases that did not result in death could have been missed due to loss to follow-
up. Lastly, our study was based in a male-only cohort, and because it is not known whether
there are differences in temporary immune system activity by sex, we cannot make an
inference about a possible blood donation- NHL association among females.

Our study has several strengths that merit consideration, including its prospective design,
high follow-up rate, long follow-up duration, and large cohort size. While previous studies
have been limited by the potential influence of a possible “healthy donor effect,” the HPFS
is comprised entirely of U.S. health professionals who are expected to be of similar
socioeconomic status and have similar levels of access to care. Moreover, detailed high-
quality information on lifestyle factors allowed us to evaluate potential confounding by
putative NHL risk factors, although we cannot exclude the possibility of residual
confounding by unmeasured factors that may correlate with frequency of blood donation.
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While it is reassuring that our large prospective cohort study did not show evidence of an
association between blood donation frequency and incidence of NHL, further exploration of
the magnitude and temporal patterns of immune system alterations after blood donation and
future epidemiological studies might provide new insights about blood donation safety, and
subsequently about lymphomagenesis.
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