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Abstract
Recent research suggests that ultraviolet radiation exposure (UVRE), our major source of vitamin
D, is associated with reduced lymphoma risk. Animal and human studies support an association
between vitamin D (vitD) insufficiency and increased risk of some malignancies. We conducted a
clinic-based case-control study (140 lymphoma cases, 139 controls; 2002–2005, Rochester, NY) to
evaluate UVRE and vitD insufficiency in relation to lymphoma risk. Subjects completed a survey
and provided a blood sample. We used multivariable logistic regression to estimate lymphoma risk
in relation to past (5–10 years prior) UVRE and current vitD insufficiency (determined by serum 25
(OH)D). Possible differences in effect by lymphoma subtype were explored, but statistical power
was limited. We confirmed the previously reported decrease in lymphoma risk with past UVRE,
specifically sunbathing (>once/week versus never); adjusted odds ratio (ORadj), = 0.28, 95%
confidence interval (CI): 0.10–0.79. Current vitD insufficiency was not associated with lymphoma
risk (ORadj=0.89, 95% CI: 0.47–1.72). However, current sunbathing frequency was correlated with
measured serum 25(OH)D values. Therefore, while our data do not support an association with
current vitD status, development of accurate methods for past vitD assessment to further investigate
its role in the association between past UVRE and lymphoma risk is warranted.
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Introduction
Lymphoma, specifically the non-Hodgkin lymphoma (NHL) subgroup, is the 5th most common
cancer overall in the United States, among both men and women, with an estimated incidence
rate of 19.3 per 100,000 [1]. The etiology of most lymphoma subtypes remains largely unknown
[2]. There has been marked increase in lymphoma incidence over the past 30 years (estimated
82% increase overall) affecting almost all histologic categories [3].

Several recent studies have found an inverse relationship between individual ultraviolet
radiation (UVR) exposure and lymphoma, suggesting that increased UVR exposure is
protective against lymphoma [4–9]. While the majority of the studies to date have investigated
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the association between lymphoma and UVR exposure, two studies did demonstrate similar
inverse associations between sun exposure and HL risk specifically [6,8]. Additionally, a
pooled analysis recently conducted by the InterLymph consortium reported that increased
recreational sun exposure was reported to be significantly associated with a decreased risk of
NHL [10]. This observation is particularly intriguing in light of evidence from earlier ecological
studies indicating, if anything, a possibly detrimental impact of UVR exposure on lymphoma
risk [9]. UVR from the sun provides nearly 90% of the needed vitamin D for most people
[11], and evidence of a decrease in serum 25(OH)D levels in the United States population have
been recently published [12]. Ongoing animal and human research in many cancers provides
support for a protective effect of vitamin D status related to malignancy [13]. As such, one
proposed explanation for these unexpected reports of reduced risk of lymphoma with increased
UVR exposure in the literature is that UVR exposure measures are actually proxy
measurements of vitamin D status, and that vitamin D sufficiency is protective against
lymphoma [14].

Vitamin D, obtained through UVR exposure, diet, and/or diet supplement intake, is
metabolized in the liver to 25-hydroxyvitamin D (25(OH)D), the major circulating form of
vitamin D [15]. Upon stimulation by parathyroid hormone, 25(OH)D is further metabolized
in the kidney to its active form, 1,25-dihydroxyvitamin D (1,25(OH)2D), which plays a major
role in calcium homeostasis [16]. However, it is the extra-renal 1-α-hydroxylation of 25(OH)
D to 1,25(OH)2D that appears to be central to chronic disease prevention, including cancer
[15]. The autocrine and paracrine effects of extra-renal 25(OH)D metabolism include
regulation of cell proliferation, apoptosis induction, and increased cell differentiation [17–
19]. Evidence supporting an effect of 1,25(OH)D on lymphoma cells in particular has been
demonstrated both in vitro, with evidence of vitamin D promotion of differentiation and
antiproliferative effects on a variety of lymphoma cell lines [20], and in vivo with a early study
demonstrating tumor response to alfacalcidol, a synthetic vitamin D analog, in 24% of 36 low
grade follicular, small-cleaved cell type, lymphoma [21]. Recent literature supports ≥30ng/ml
circulating 25(OH)D as the threshold for vitamin D sufficiency in order to maximize the health
benefit given the many conditions for which vitamin D is currently hypothesized to be
protective [15].

Nine published studies have evaluated the association between vitamin D and lymphoma risk
[4,5,22–28]. Overall, the published estimates of association between dietary vitamin D intake
or serum 25(OH)D and lymphoma risk are largely weak or null. However, it is critical to note
that vitamin D status in the majority of these studies was determined by self-report dietary
consumption on food frequency questionnaires, a method vulnerable to potential dietary recall
inaccuracy, and more importantly, limited by the variability of vitamin D content in both the
few naturally occurring and fortified sources [29,30]. Potential inaccuracy of vitamin D
insufficiency exposure assessment may be obscuring the true influence of vitamin D on
lymphoma risk. These studies have all been limited to NHL subtypes to date.

We conducted a case-control study to evaluate both UVR exposure and vitamin D insufficiency
in relation to lymphoma risk.

Materials and Methods
Cases and controls were enrolled from the James P. Wilmot Cancer Center (JPWCC)
Lymphoma Clinic and General Neurology Clinic, respectively, both outpatient clinics at the
University of Rochester Medical Center, Rochester, New York. This study was approved by
the University of Rochester Institutional Review Board, and all patients provided written
informed consent. Study participation consisted of one study visit during which a serum sample
and self-administered survey were collected.
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Subject Recruitment
Eligible cases were adult (age ≥21) patients with a pathologically confirmed diagnosis of
malignant lymphoma (inclusive of all WHO classification of malignant lymphoma [31]
subtypes) who were newly diagnosed (within 6 months), previously untreated, and without
evident CNS involvement. As two studies have demonstrated an association between UVR
and HL risk specifically [6,8], we did include the patients with HL in our study, but have
provided estimates with all lymphomas included, and for NHL alone. Controls were adult
patients, free of a known lymphoma diagnosis, recruited from the General Neurology outpatient
clinic. The General Neurology outpatient clinic has a similar referral pattern to the James P.
Wilmot Cancer Center, from which the cases were recruited, and thus was thought to be a valid
representation of the base population from which the cases came with respect to exposure
distribution. Cases or controls with a history of significant immunosuppressive condition,
clinically evident hypercalcemia, corticosteroid or immunosuppressive drug use within 1
month of study visit (≥10 mg/d prednisone or equivalent), or unable to speak and read English
were excluded. Additionally, those patients with any history of anticonvulsant medication use
were excluded, given the impact of these medications on 25(OH)D [32].

Between October 31, 2005 and September 26, 2007, 157 eligible cases and 190 eligible controls
were invited to participate. All consecutive new patients seen in the JPWCC Lymphoma Clinic
were screened for potential eligibility. Likewise, consecutive patients seen in the General
Neurology Clinic were concurrently screened for potential eligibility. Seven cases and 41
controls declined participation during the consent process (96 and 78% response rate for cases
and controls, respectively). Twenty subjects (10 of the 150 consented cases and 10 of the 149
consented controls were excluded from further analysis due to discovered ineligibility (14
patients; 9 cases, 5 controls) or failure to return the study survey (6 patients; 1 case, 5 controls).
Among the 279 consented and evaluable subjects, 8 of 140 cases and 7 of 139 controls did not
have a blood sample drawn for 25(OH)D measurement.

Largely, the distribution of lymphoma cases by histology was as expected; 92% NHL, 85% B
cell lymphomas; 23% (n=32) diffuse large B cell lymphoma, 32% (n=45) follicular lymphoma,
17% (n=24) marginal zone lymphoma, 8% (n=11) Hodgkin lymphoma, 7% (n=10) T cell
lymphoma, 5% (n=7) CLL/SLL, 5% (n=7) mantle cell lymphoma, and 3% (n=4) other
histologic subtypes. A majority of cases (64%) presented with advanced stage disease (stage
III/IV), though 79% were asymptomatic (no documented B symptoms at time of study visit).
Median time between diagnosis and study consent was 21 days; maximum 4.9 months.

The enrolled control patients represent a heterogeneous group of neurological diagnoses and
symptoms; the most frequent visit indications were stroke (31%), headache (24%), and
numbness/pain (17%). Other control diagnoses included: mild cognitive impairment (1),
suspected or newly diagnosed MS (2), transient global amnesia (1), weakness (1), pernicious
anemia (1), right 6th cranial nerve palsy (1), aphasia (1), cervical dystonia (1), concentration
disturbances (2), and hereditary spastic paraparesis (1).

UVR and diet survey
Participants were asked to complete a self-administered survey during their scheduled clinic
visit, and study staff was available to answer any questions. Usual UVR exposure habits during
the time periods 5–10 years (past exposure) and 4 weeks prior to study participation were
assessed using questions and categorical response options similar to those used by Smedby et
al. [8], including sunbathing with the intention to tan (never, once a week or less, more than
once a week), occurrence of sore and/or blistering sunburn (yes/no), tanning bed use (yes/no),
sunscreen use (most of the time, about half of the time, once in a while, never), and holding a
job that involved being outdoors at least 2 days a week (yes/no). One additional sun exposure
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question, assessing average hours outdoor per week (0–2, 3–5, 6–8, >8), was adapted from a
case-control study of sun exposure and lymphoma risk [4]. Subjects were specifically asked
to report their usual UVR exposure habits during summer months for the set of questions
regarding the study period 5–10 years (past exposure) prior to study participation.

Questions assessing dietary vitamin D intake (weekly servings of fish and milk) and nutrient
intake (multivitamins, vitamin D supplements and cod liver oil supplements) were similar to
those published by Holick et al. in a study to assess prevalence and predictors of vitamin D
inadequacy [33]. Questions on smoking and alcohol have been modified from surveys used in
studies published by Brown et al. investigating the role of alcohol and tobacco in squamous-
cell esophageal cancer and multiple myeloma [34,35]. The survey also collected data on other
variables thought to influence the circulating pool of 25(OH)D, including BMI (at time of study
participation), age, liver disease, and other co-morbidities.

Serum 25(OH)D measurement
Serum 25(OH)D was quantified by radioimmunoassay (RIA; Heartland Assays Inc., Ames,
IA) [36]. Blood was collected (prior to initiation of therapy) and available for analysis from
132 cases and 132 controls. Assays were run in two batches, with approximately equal numbers
of cases and controls per batch. Median storage time, from collection date to shipment for
analysis, was 11.7 months (range 2.5–18.0 months). Heartland Assays Inc. was blinded to case-
control status. A recently published estimate of overall (intrabatch andinterbatch) coefficient
of variation for the 25(OH)Dassay as performed by the Heartland Assay, Inc. laboratory was
4.7% [37].

Of the 264 patients from whom both a completed survey and blood sample were received, the
majority of patients (84%) were able to complete and return the survey on the same day as the
blood draw. Of those who returned their survey on a different day from the date blood was
drawn, the median gap between survey collection and blood collection was 5 days, and there
were only 4 subjects with a gap between survey collection and blood collection >14 days.

Data analysis and statistical considerations
Cases and controls were compared with regard to distribution of the following potentially
confounding variables: gender, race, age, family history of lymphoma or other cancer, medical
history (including, previous skin cancer diagnosis, diabetes, rheumatoid arthritis, lupus, and
eczema; yes/no to each condition), smoking (ever/never, 5–10 years ago), alcohol (ever/never,
5–10 years ago), BMI, highest level of education, and season of blood draw (Winter:
December–February; Spring//Fall: March–May, September–November; Summer: June–
August). Factors differentially distributed by case status, as determined by a conservative p<
0.20 by chi-square test (categorical measures) or t-test (continuous measures), were included
in each multivariable logistic regression [38]. Due to the well-documented association of age,
race, and gender with lymphoma risk, these variables were included in the final multivariable
logistic models regardless of distribution by case status.

After descriptive analysis, we first estimated the association between past UVR exposure (5–
10 years prior to study participation) and lymphoma risk using unconditional multivariable
logistic regression analysis. In subsequent multivariable logistic regression analyses we
evaluated the association between current measured vitamin D and lymphoma risk. Odds
Ratios (OR) were estimated using vitamin D as a dichotomous variable (vitamin D insufficient:
25(OH)D < 30 ng/mL), by tertiles defined according to 25(OH)D distribution among the
controls (tertile 1: 25(OH)D < 20.9 ng/ml; tertile 2: 25(OH)D 20.9–28.5 ng/ml; tertile 3,
reference: 25(OH)D >28.6 ng/ml), and using serum 25(OH)D as a continuous variable. The
above multivariable models were run both with all of the lymphoma cases and with the subset
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of only NHL cases. Stratified analyses by gender, dichotomous age (divided at the median, age
57), and BMI category were performed to evaluate whether the observed associations between
UVR or vitamin D insufficiency and lymphoma risk differed within any of these subgroups.
In secondary analyses, the association between vitamin D insufficiency and lymphoma risk
was further assessed in 2 of the major lymphoma subtypes: diffuse large B cell lymphoma
(DLBCL), follicular lymphoma (FL). Polytomous logistic regression was used to formally test
the null hypothesis that there is no heterogeneity of the estimated association between serum
25(OH)D and lymphoma between these two lymphoma subtypes [38]. These secondary
analyses are purely exploratory due to limited power.

Finally, in order to explore whether or not vitamin D production could function as an
intermediate variable in the association between past UVR exposure and reduced lymphoma
risk, we assessed whether the UVR exposure variables associated with lymphoma were in fact
predictive of serum 25(OH)D values. The half-life of 25(OH)D is approximately 2–4 weeks
[15]. Therefore, we used multivariate linear regression to determine whether levels of UVR
exposure variables during the 4 weeks prior to study participation, which were associated with
lymphoma risk at levels reported for the time period 5–10 years prior, were predictive of current
measured 25(OH)D levels after adjustment for the other UVR exposure variables as well as
other potential vitamin D predictor variables. This analysis was conducted first with all cases
and controls with available serum samples for 25(OH)D analysis (n=264), and subsequently
with just the controls.

SAS statistical software was used for all statistical analysis (SAS Institute, Cary, N.C.), and
all p-values are two-sided.

Results
Patient characteristics

Cases and controls were both recruited throughout four seasons, and there was no statistically
significant differential distribution of cases and controls by season of recruitment or blood
draw (Table 1). The racial distribution was balanced between cases and controls with
approximately 89, 5, and 6% in the white, black, and other racial categories, respectively.
However, the cases were older, included more males, more skin cancer diagnoses, a lower
proportion of obesity, and had increased proportion of family history of lymphoma and other
cancers when compared to the controls. The effects of differential distribution between cases
and controls with regard to gender, age, skin cancer diagnosis, family history of lymphoma,
family history of other cancer, and BMI were controlled for in the multivariable analyses.

Serum 25(OH)D Assessment
Among the cases, serum 25(OH)D values ranged from 2.5 ng/ml to 45.6 ng/ml (Shapiro-Wilk
test for normality p = 0.31), with a mean value of 23.8 ng/ml. Among the controls, serum 25
(OH)D values ranged from 5.4 ng/ml to 45.5 ng/ml (Shapiro-Wilk test for normality p= 0.48),
with a mean value of 24.5 ng/ml. Notably, nearly 74% of the study population was vitamin D
insufficient, (25(OH)D <30 ng/ml), with 74 and 73% insufficiency among the cases and
controls, respectively.

Past (5–10 years ago) UVR exposure and lymphoma risk
Table 2 presents the results from a multivariable analysis of the 7 self-reported measures of
UVR exposure 5–10 years ago, and their estimated association with lymphoma risk. Covariates
included in this model were all variables unbalanced between cases and controls (p<0.20), as
previously described. Sunbathing with the intention to tan was significantly associated with
lymphoma risk. Increased sunbathing frequency 5–10 years ago was associated with decreased
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lymphoma risk (ptrend=0.02), with a 72% reduction in lymphoma risk among those who
sunbathed with the intention to tan >1/week versus never (OR=0.28, 95% CI: 0.10–0.79). After
adjustment for sunbathing with the intention to tan, none of the other measured UVR exposure
variables were significantly associated with lymphoma risk. These results were unchanged
when this analysis was limited to just the NHL subtypes. Likewise, though education level was
not differentially distributed between the cases and the controls, additional adjustment for this
factor as an attempt to control for potential confounding by socioeconomic status did not affect
these estimates. We found no evidence of interaction or differential association between
sunbathing frequency 5–10 years ago and lymphoma risk by gender, BMI category, or
dichotomous age.

Vitamin D insufficiency and lymphoma risk
Figure 1 presents the distribution of serum 25(OH)D for cases and controls, according to season
of blood draw. As expected, measured serum 25(OH)D did increase as the amount of seasonal
sun exposure increased, though visual inspection does not reveal a differential pattern of 25
(OH)D between the cases and controls by season. The multivariable adjusted odds ratio (OR)
and 95% confidence interval (CI) estimate of the association between vitamin D insufficiency
and lymphoma risk was 0.89 (95% CI: 0.47–1.72) (Table 3). Similar results were found with
vitamin D defined as both a three level ordinal variable (tertiles defined by 25(OH)D
distribution among the controls) and as a continuous variable. Furthermore, no significant
evidence of an association between vitamin D insufficiency and lymphoma risk was found
when the analysis was limited to the NHL cases or when the analysis was repeated with cases
presenting with B symptoms excluded. Stratified analyses by gender, dichotomous age (divided
at the median, age 57), and BMI category were performed and no evidence of interaction or
differential association between vitamin D insufficiency and lymphoma risk was found within
any of these subgroups. Exploratory analyses within 2 of the major lymphoma subtypes did
not reveal an association with DLBCL (n=30) or FL (n=44).

Association between UVR exposure variables and serum 25(OH)D
Sunbathing with the intention to tan in the 4 weeks immediately prior to study participation
was significantly associated with measured serum 25(OH)D, after adjustment for the other
measured sun exposure variables as well as season of blood draw, dietary intake, and
demographic factors associated with serum 25(OH)D levels (Table 4). Repeat analyses limited
to the controls and limited to those who completed and returned their survey on the same day
as their blood draw (data not shown) did not materially alter these results. Furthermore, we
observed that tanning bed use, daily vitamin D intake, and seasons with greater sun, and white
race were all associated with significantly increased serum 25(OH)D levels, as was expected.

Discussion
A growing number of epidemiologic studies report a reduced lymphoma risk in relation to
increased levels of a variety of personal UVR exposure indicators [4–10]. Similarly, we found
that people who reported a history (i.e., 5–10 years ago) of sunbathing with the intention to tan
(>1 time per week compared to never) had a 72% lower risk of lymphoma. These findings are
consistent with the overall findings reported from the InterLymph pooled analysis of sun
exposure and NHL risk, the most comprehensive analysis of this association to date, which
observed that increased recreational sun exposure was significantly associated with a decreased
risk of NHL, yet the observed decreased risk with increasing overall sun exposure failed to
reach statistical significance [10]. In light of both the role of UVR in vitamin D production
[11] and published research to suggest a protective effect of vitamin D with regard to
malignancy [13], we subsequently evaluated the association between vitamin D levels and
lymphoma risk.
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Of the 9 previously published studies investigating the association between vitamin D and
NHL, 6 have relied exclusively on recall of dietary intake on a food frequency questionnaire
for exposure assessment [4,5,22–24,28]. However, there are very limited dietary sources of
vitamin D, and significant variability of vitamin D content in both the naturally occurring and
fortified sources has been well established [29,30]. Circulating 25(OH)D concentrations
represent the combined contributions of both UVR and dietary (D2 and D3) sources of vitamin
D [16], and the long half-life of this metabolite makes 25(OH)D the major circulating form of
vitamin D [15], and the preferred biomarker for determining vitamin D sufficiency. As such,
we measured current serum 25(OH)D to evaluate the association between vitamin D and
lymphoma risk. The OR estimate of the association between vitamin D insufficiency (serum
25(OH)D <30 ng/ml) and lymphoma risk indicates that vitamin D insufficiency was not an
independent marker of lymphoma risk. Furthermore, secondary evaluation of the association
using a three level ordinal vitamin D variable (tertiles defined by 25(OH)D distribution among
the controls) did not demonstrate a dose-response, and the odds ratio for 25(OH)D as a
continuous variable was near unity.

Our findings are consistent with the literature to date, which, overall, provides limited support
for an association between vitamin D status and lymphoma [4,5,22–27]. With the exception
of the findings by Polesel et al. [23], and Lim et al. [27], the published estimates of association
with dietary vitamin D intake or serum 25(OH)D and lymphoma risk are largely weak or null.
Limitations in retrospective vitamin D insufficiency exposure assessment in epidemiologic
research have been discussed in the literature [39], and may be obscuring a true influence of
vitamin D status on lymphoma risk in the current study and the previously published literature.
In this study, we were limited to assessing current 25(OH)D with the assumption that this level
was consistent with average adult vitamin D status. However, we were able to demonstrate an
association between past (5–10 years prior) sunbathing frequency and lymphoma risk.
Additionally, we confirmed that current sunbathing frequency (within the 4 weeks prior to
study visit) was in fact independently predictive of serum 25(OH)D after adjustment for other
dietary and demographic factors as well as season of blood draw, an observation consistent
with published data indicating that active sunbathing was the strongest determinant of serum
25(OH)D in healthy Danish women [40]. Together, these observations raise the possibility that
vitamin D could have had a role in the association between past UVR exposure and lymphoma
risk if there had been a change in sun exposure behaviors over the 5–10 prior to study
participation. As current sun exposure variables were reported for only the 4 weeks prior to
study participation, and are thus limited to a particular season, we are not able to assess this
directly with our data. Although there is evidence of stability of serum 25(OH)D levels within
individuals over several years [41], our findings suggest the importance of more direct vitamin
D status assessment at an etiologically relevant time period prior to diagnosis in order to
determine the role of vitamin D in the reported relationship between UVR exposure and
lymphoma risk.

A limitation of the case-control design is that we must evaluate whether the malignant disease
process among the lymphoma cases may be affecting vitamin D status as opposed to vitamin
D being related to lymphoma etiology. Lymphoma symptoms could possibly impact vitamin
D levels by changing UVR exposure behaviors. However, strengths in our case selection and
recruitment methods minimize this concern. Our study includes case patients who were
recruited very soon after diagnosis (median time between diagnosis and study consent was 21
days), minimizing the likelihood that their diagnoses changed behaviors that would impact
serum 25(OH)D. In addition, the case population was largely asymptomatic (79%), and
limiting the analysis of the association between current measured 25(OH)D and lymphoma
risk to patients without documented B symptoms at study participation did not change the
results. Furthermore, patients with hypercalcemia, likely related to their hematologic condition
if present [42], were ineligible for study participation.
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Control selection is a critical factor in case-control study design. In clinic-based studies such
as this, defining the base population from which the cases originated becomes difficult. The
vast majority of the previously untreated lymphoma cases seen in the James P. Wilmot Cancer
Center Lymphoma Clinic come from 17 Western New York counties. However, due to referral
patterns to this academic clinic, not all cases from this geographic area had a chance of inclusion
in the case set. As such, clinic-based controls are more appropriate, even over randomly
selected healthy controls from the base population. The General Neurology Clinic has available
an adequate patient base, and a similar referral pattern due to academic medical center
affiliation, such that a sufficient number of controls with diseases unrelated to the exposure of
interest could be identified. With the rapidly growing list of chronic diseases for which vitamin
D is reported to possibly play an etiologic role, it is difficult to choose a clinic with a patient
base having diagnoses unrelated to vitamin D. However, the enrolled control group was
recruited in the outpatient setting, represents a heterogeneous group of neurological diagnoses
and symptoms, and does not include patients with diseases (or on medications; e.g., seizure
disorders and medications) known to impact serum 25(OH)D. Moreover, the prevalence of
vitamin D insufficiency among the controls (73%) is consistent with the recently reported
prevalence of vitamin D insufficiency (77%) among the healthy general adult population in
the United States [12], providing some confidence that the conditions among the controls are
not associated with differential UVR or vitamin D exposure as compared to the general
population. However, we do acknowledge that this comparison may be confounded by a wide
variety of covariates. As such, we cannot fully rule out a decrease in 25(OH)D as a result of
diagnoses, either directly or as a result of a change in behavior, among the controls.

Despite the considerable clinical heterogeneity of the lymphoma subtypes [3,43], the studies
to date that have evaluated the association between vitamin D status and lymphoma risk, current
study included, have been designed to evaluate this association with all lymphoma subtypes
combined as the primary hypothesis. As discussed recently by Evens and Chiu, evaluation of
distinct etiologic processes within the NHL subtypes is one of the major and ongoing challenges
in epidemiologic research [44]. In exploratory analyses, we found no evidence of heterogeneity
in effects by subtype, although we evaluated only the two most common lymphoma subtypes
and statistical power was limited. It is possible that any potential association between vitamin
D status and individual lymphoma subtypes could be masked when the subtypes are combined.

Furthermore, the true dose-response relationships between vitamin D (dietary or serum 25(OH)
D) and cancer is unknown [45]. We defined vitamin D insufficiency using a clinically relevant
25(OH)D threshold (30ng/ml), currently thought to be minimum level required for maximizing
the vitamin D health benefit [15]. However, there is evidence in the literature to suggest that
the threshold levels for an effect of 25(OH)D may vary by cancer type, and preventive effects
may be limited to higher levels of 25(OH)D than anticipated [45,46]. As such, the range of
serum 25(OH)D measurements in our study may be too low to observe a protective effect with
regard to lymphoma risk.

Finally, the relevant etiologic period of exposure for lymphoma is not clear, as the complete
natural history of lymphoma prior to onset of symptoms is still undefined. With particular
regard to cancer, many steps are necessary for malignant transformation [47]. Most recently,
Lim et al. demonstrated a differential association between 25(OH)D and lymphoma risk by
length of follow-up, with a statistically significant protective effective of higher serum 25(OH)
D on lymphoma risk observed only in the subgroup of subjects with less than 7 years of follow-
up [27], a finding consistent with the evidence presented by Smedby [8] and Hartge [4],
emphasizing the importance of exposure assessment timing in investigations of lymphoma
etiology.
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In conclusion, we observed a decrease in lymphoma risk with increased UVR exposure
consistent with previous reports, thereby providing further evidence of a true association. With
growing consistency in the literature to suggest a protective role for UVR exposure in
lymphoma, the null association between measured serum vitamin D and lymphoma risk
demonstrated in our study may suggest the need to explore possible alternative explanations
of association between UVR and lymphoma that are independent of the role of vitamin D. For
example, there is evidence from experimental studies of immune system modulation by UVR,
resulting in decreased immune challenge responses to antigens applied to even non-UVR
exposed areas [48–50]. In light of ongoing investigation into antigenic stimulation with regard
to lymphoma risk [2,51,52], one could hypothesize that this is suggestive of a role for direct
influence of UVR, through immune modulation, without the impact of an intermediary such
as vitamin D. Additionally, another hypothesis is that folate and folate derivatives, on which
cell replication is dependent, are degraded by UVR [53]. Decreased folate availability via UVR
degradation could limit DNA replication, and thus slow the cell cycle, particularly among cells
that are rapidly dividing (such as pre-malignant and malignant cells) [53]. These two
hypotheses, and certainly countless others, indicate the need for further critical evaluation of
the association, either direct or indirect, between UVR and lymphoma risk and potential
mechanisms for pathogenesis.

Alternatively, the limited evidence of an association between vitamin D status and lymphoma
risk to date may very well be due to methodological limitations, particularly in accurate
assessment of serum 25(OH)D levels during etiologically relevant periods, and further
investigation of this potential association while addressing these methodological difficulties
is warranted.
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Figure 1.
Mean serum 25(OH)D (ng/ml) for cases and controls by season of blood draw, Rochester, New
York, 2005–2007.
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