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Abstract
Animal and human studies support a protective effect of Vitamin D sufficiency related to malignancy
by uncovering paracrine and autocrine effects of extra-renal 25(OH)D activation including:
regulation of cell cycle proliferation, apoptosis induction, and increased cell differentiation signaling.
Recent epidemiologic studies demonstrate a reduction in non-Hodgkin lymphoma (NHL) risk with
increased sunlight exposure. As sunlight is a major vitamin D source, it has been suggested that
vitamin D status may mediate this observed association. This review provides a comprehensive
discussion of the current epidemiologic evidence with regard to the investigation of an association
between vitamin D status and NHL risk.
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Introduction
Non-Hodgkin Lymphoma (NHL) 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 100,0001. While a
large number of exogenous and endogenous factors have been examined, the etiology of most
NHL subtypes remains largely unknown2. The best characterized risk factor for NHL is
immunodeficiency, both primary and acquired2–6. Furthermore, personal history of several
immune disorders, including rheumatoid arthritis, celiac disease, systemic lupus
erythematosus, and Sjögren's syndrome, has been associated with an increased risk of
lymphoma7. A number of infectious agents have been linked with, or suspected in, the
pathogenesis of NHL in the HIV-negative population2, 6, 8–13. In addition, a first degree
relative with NHL has been indicated as a risk factor for NHL development in both men and
women5, 6, 14, 15, though a potential pattern for NHL heritability remains poorly
understood5, 14, 16–19.

Most notably, there has been marked increase in incidence rates of NHL over the past 30 years,
estimated as up to an 82% increase overall9, 20, 21, affecting almost all histologic
categories9. This rate of increase seen in NHL is among the highest of all types of cancer,
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estimated as high as 3% per year in the US16, 22, although there is evidence that rise in NHL
rate has been recently stabilizing7, 9. Many theories have been proposed as to why this increase
may have occurred, including known risk factors, new diagnostic tools, changes in diagnostic
criteria, and improved registry data. However, the increase in NHL attributable to AIDS, or
the increase due to the other theories proposed, cannot account for the entire increase observed.
The rate of increase in incidence is consistent with increased exposure to a ubiquitous
environmental exposure, increased exposure to an aggregate of multiple weekly associated
factors, or conversely, ubiquitous decreased exposure to factors protective against NHL risk.

Recent evaluation of the association between self-reported individual sun exposure and NHL
risk, demonstrates a consistent inverse association between sunlight exposure and NHL risk
in 623–28 of 923–31 published studies, and a review and discussion of this association has been
previously published by Armstrong and Kricker in 200732. This evidence of an association
between increased sun exposure and decreased NHL risk is particularly intriguing in light of
the seemingly contradictory evidence from earlier ecological studies indicating, if anything, a
possibly detrimental impact of sun exposure on NHL risk. The sun is the most important source
of vitamin D, providing about 90% of the needed vitamin D for most people33. Vitamin D is
also obtained through limited dietary means, including fatty fish, fortified foods, and
supplements34. Since a link between solar radiation, vitamin D production, and decreased colon
cancer mortality was established in a 1980 United States ecological study35, animal and human
research has been ongoing to investigate the association between Vitamin D status and many
cancers, including prostate, colon, lung, pancreatic, endometrial, breast and even skin cancer,
and provide support for a protective effect of Vitamin D status related to malignancy36–38. In
light of this research conducted in other cancers to date, one proposed explanation for this
unexpected finding in the NHL literature is that the measures of sun exposure are actually
proxy measurements of Vitamin D status, and that Vitamin D sufficiency is protective against
lymphoma39.

Vitamin D, once obtained though sun exposure, diet, and/or diet supplement intake, is
metabolized in the liver to 25-hydroxyvitamin D (25(OH)D). 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, through its ability to regulate intestinal calcium absorption and
bone turnover in response to parathyroid hormone40. However, it is the extra-renal 1-α-
hydroxylation of 25(OHD) to 1,25(OH)2D that appears to be central to chronic disease
prevention, including cancer37, 41, 42. 1,25(OH)2D works through a nuclear vitamin D receptor
(VDR), present in most cell types throughout the body including cells of the immune
system41, 43, 44. The autocrine and paracrine effects of extra-renal 25(OH)D metabolism
include maintaining regulation of cell proliferation, through increased transcription of p21 and
p27 (both negative regulators of the cell cycle), apoptosis induction, and increased cell
differentiation signals41, 44, 45 (Figure 1). Additionally, there is evidence of an
immunomodulatory effect of 1,25(OH)2D on activated lymphocytes and dendritic cells, such
that T cell responses are shifted away from inflammatory Th1 responses, and antigen
presentation by dendritic cells is decreased33, 44, 46, 47. There is evidence of 1α-hydroxylase
activity in cancer cells, and as such these malignant cells are able to convert 25(OH)D to active
1,25(OH)2D37. 1,25(OH)2D activity against metastasis has been demonstrated in various tumor
models, including cancers of the lung, bone, colon, kidney, breast and prostate37. Furthermore,
evidence of an effect of 1,25(OH)D on lymphoma cells in particular has been demonstrated
both in the laboratory, with observed promotion of differentiation and antiproliferative effects
on a variety of lymphoma cells line in vitro43, and in an early study demonstrating tumor
response to alfacalcidol in 24% of 36 low grade follicular, small-cleaved cell type,
lymphoma48.
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Additional indirect evidence exists to provide support for a hypothesized relationship between
vitamin D status and NHL. B cell lymphomas that are associated with immunosuppressed states
may be polyclonal, which may support the notion that these tumors arise from a
lymphoproliferative state in the context of immune suppression, and thus decreased immune
surveillance, particularly by T cells, of any DNA mutations that may result in the
lymphoproliferative process49. Furthermore, as described previously, 1,25(OH)2D's effects are
mediated through a nuclear hormone receptor, the vitamin D receptor (VDR), which directly
binds DNA to modulate gene expression in different cell types50, 51. Evidence of increased
VDR expression on cycling keratinocytes suggests that proliferating cells, such as expanding
B cells as a result of chronic antigen stimulation, may be a target for 1,25(OH)2D activity51,
providing indirect evidence of potential link between vitamin D status and not only lymphoma
etiology but potentially lymphoma prognosis as well. In fact, survival benefit with higher
vitamin D levels has been observed in a number of malignancies, and trials evaluating the use
of vitamin D in the treatment of advanced prostate cancer are ongoing38. Similarly, in light of
the effect of 25(OH)D metabolism on increasing p27 levels, a study published in 2001 by Bai,
et al,52 reports that among 80 de novo diffuse large B cell cases examined, p27 expression was
low/null in 73%, and low p27 status correlated with an increased expression of cyclin A,
involved in G1 → S transition53. Not only do these results suggest impairment of cell-cycle
control involving the cdk inhibitor p27 in enhanced lymphoma proliferation, they additionally
lend support to the proposed hypothesis, and may also identify a potential therapeutic target
for 1,25(OH)2D. Finally, while NHL incidence has been historically higher among men and
whites as compared to women and blacks, respectively, the notable increase in NHL rates over
the past 30 years, as previously discussed, has been disproportionately high among blacks and
older women9. This observation is consistent with the hypothesized association between
vitamin D status and NHL risk due to the reduced capacity for vitamin D production in response
to sun exposure among those with dark skin and with increased age54.

These observations provide a biological framework for a potential mechanism by which
Vitamin D sufficiency may protect against malignancy, including NHL. The purpose of this
literature review is to summarize and discuss the current available epidemiologic evidence
regarding the association between vitamin D status and NHL to date, and to propose potential
future approaches for further evaluation of the relationship between solar ultraviolet radiation,
vitamin D status and NHL risk.

Methods
We conducted a systematic review of the published literature to identify all studies
investigating the association between vitamin D status, either dietary vitamin D intake or serum
25(OH)D levels, and NHL risk. The following syntax were used to search the NLCM PubMed
index: ((“Lymphoma/epidemiology”[Mesh] OR “Lymphoma/etiology”[Mesh])) AND
(“Vitamin D”[Mesh] OR “Vitamin D Deficiency”[Mesh]) / “Diet”[Mesh] AND (“Lymphoma/
epidemiology”[Mesh] OR “Lymphoma/etiology”[Mesh]). References cited in candidate
articles were manually searched for additional relevant publications. Our goal is not to conduct
a formal meta-analysis, but rather to present a summary of the current evidence and a discussion
of the methodologic approaches to evaluating the association between vitamin D status and
NHL.

Results
Eight published studies have evaluated the association between NHL risk and vitamin D
status29, 30, 55–60. Study characteristics are outlined in Table 1. Estimates of association
between vitamin D status and NHL risk, with careful attention to both the dietary vitamin D
intake and serum 25(OH)D levels captured in the exposure groups, are detailed in Table 2.

Kelly et al. Page 3

Cancer Invest. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Dietary vitamin D consumption in the exposed groups ranges from 77 IU/day to >296 IU/day.
Likewise, the reference group limits within these studies ranges from 1–21 IU/day up to 176
IU/day. This table demonstrates the overlap of the categories of vitamin D consumption
exposure between studies, which may potentially be masking some of the effect of vitamin D
status.

Two cohort studies have examined the association between serum 25(OH)D and cancer
incidence58 and mortality59. Neither study demonstrated a significant association with NHL
risk. Giovannucci et al. did not provide specific relative risk and 95% confidence interval (CI)
estimates, but the figure provided in their manuscript suggests an approximate 25% reduced
relative risk of NHL with a 25 nmol/L increase in serum 25(OH)D (with a CI that spanned
approximately 0.5 – 1.2)58. Based on 40 NHL deaths in their study, Freedman et al. estimated
a 1.34 relative risk of NHL (i.e., a 34% increased risk is death) among those with ≥62.5 nmol/
L 25(OH)D level at baseline as compared to those with <62.5 nmol./L death (95% CI: 0.62 –
2.91)59.

Six of the 8 studies to date are case control investigations29, 30, 55–57. Vitamin D status in 5
these studies is determined by self-report dietary consumption on food frequency
questionnaires. While Chang et al. did not identify an association between estimated dietary
vitamin D intake and NHL risk (OR=1.3, 95%CI: 0.8–2.1), comparing those with daily vitamin
D intake >7.4 μg to those with daily intake ≤4.4 μg)55 in a Swedish population, a similar Italian
study published by Polesel et al. demonstrated a 40% decrease in NHL risk among those in the
3rd tertile of vitamin D dietary intake (highest vitamin D intake) as compared to those in the
1st tertile (lowest vitamin D intake) (OR=0.6, 95%CI: 0.4–0.9). Purdue et al. investigated the
role of vitamin D receptor polymorphisms in a potential association between both dietary
vitamin D intake and sun exposure with NHL risk57. While these investigators demonstrated
that their observed inverse association between sun exposure and NHL risk was modified by
polymorphism in the TaqI VDR SNP, such that the risk of NHL with <7 hrs/day of sun was
90% higher among tt carriers than the risk of NHL with <7 hrs of sun exposure among TT
carriers, no association between dietary vitamin D and NHL risk, overall or by genotype, was
observed57. Furthermore, two case control studies designed to evaluate the association between
individual self-reported UVR exposure and NHL risk also included analyses of dietary vitamin
D intake and NHL risk29, 30, though neither study identified a significant association between
dietary vitamin D intake and NHL risk29, 30.

The most recent published study of the association between vitamin D status and NHL risk
was also a case control study, but different from the previously published studies in that it was
nested within the cohort of the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study60.
This nested case control design allowed for serum 25(OH)D evaluation of vitamin D status
prior to NHL diagnosis. While the authors report no association between 25(OH)D level and
NHL risk overall (OR=0.82; 95%CI: 0.53–1.26), they do demonstrate a difference in the
estimated association by duration of follow-up between baseline 25(OH)D assessment and
NHL diagnosis. Among patients with less than 7 years of follow-up, there a 57% reduced risk
of lymphoma for those in the highest 25(OH)D tertile as compared to those in the lowest tertile
(OR=0.43; 95% CI: 0.23–0.83), while no significant association is found among the subgroup
of participants with greater than 7 years of follow-up (OR=1.52; 95%CI: 0.82–2.80)60.

Four of the studies reviewed investigated the association between vitamin D status and NHL
by gender29, 30, 55, 56. While Hartge et al., Chang et al., and Soni et al. each report similar
findings by gender29, 30, 55, Polesel et al. report a stronger protective effective of higher vitamin
D intake on NHL risk among women as compared to men56 (results not shown). None of the
8 studies reviewed evaluated the association between vitamin D status and NHL risk by
ethnicity, most likely due to limited minority sample size.
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Those studies which included a stratified or subgroup analysis of the association between
vitamin D status and NHL risk by NHL histological subtype are presented in Table 3. Neither
of the cohort studies included adequate NHL outcomes to allow for analysis of the association
of vitamin D status with specific NHL subtypes. Lim et al. did evaluate the association between
serum 25(OH)D and NHL risk within lymphoma subtype subgroups, though no statistically
significant associations were found60. Only Polesel et al., provide evidence of any statistically
significant association between high self-reported dietary vitamin D and NHL by subtype56.
These authors demonstrate that the association between high dietary intake of vitamin D and
NHL may be limited to the follicular lymphoma subtype, demonstrating a significant 70%
decrease in follicular lymphoma risk among those in the highest tertile of dietary vitamin D as
compared to those in the lowest tertile.

Discussion
Overall, the evidence presented in the literature to date provides limited support for an
association between vitamin D status and NHL. With the exception of the findings by Polesel
et al.56, and Lim et al.60, the published estimates of association with dietary vitamin D intake
or serum 25(OH)D and NHL risk are largely weak or null. Limitations inherent to both
retrospective dietary vitamin D assessment and the epidemiologic investigation of NHL
etiology may be obscuring a true influence of vitamin D status on NHL risk.

The majority of current evidence regarding the association between vitamin D status and NHL
risk has been the result of case control analyses. Five of these case control studies have all used
recall of dietary intake on a food frequency questionnaire for exposure assessment among cases,
after a cancer diagnosis had been made, and controls. This method of retrospective exposure
assessment is vulnerable to potential recall inaccuracy and bias, a common limitation of the
case control design. Correlation between detailed dietary records and dietary recall 3–10 years
later has been reported as high as 0.761. The five case control studies each assessed dietary
vitamin D exposure by asking subjects to recall their usual diet only 1 to 2 years prior to study
participation, indicating that recall in these studies is unlikely to be a major concern.
Furthermore, the specifics of the hypothesized relationship between vitamin D status and NHL
were not common knowledge within these populations, and therefore any misclassification of
exposure was most likely to be non-differential between the cases and controls. Any
misclassification in these studies would likely have resulted in an underestimate of the true
association between vitamin D status and NHL62.

Aside from potential recall inaccuracy with self-report of diet, assessment of dietary status
through measurement of dietary vitamin D intake is further limited by the variability of vitamin
D content in both the naturally occurring and fortified sources. While salmon is one of the few
sources of naturally occurring vitamin D, it has been reported that the vitamin D content varies
largely according to whether it is wild (600–1000 IU) or farm-raised (100–250 IU)54, and
whether it is baked (nearly all vitamin D maintained) or fried (approximately 50% vitamin D
loss)63. Additionally, while many milk products are fortified with between 300 and 600 IU of
vitamin D per quart, poor adherence to the labeled fortification level has been documented in
the literature64–67. If there is in fact an association between vitamin D status and NHL risk,
this variability in the actual vitamin D fortification of milk products could explain some of the
inconsistency seen in the literature investigating the association between dairy and NHL
risk68, 69.

The relevant etiologic period of exposure for lymphoma is difficult to define. As is the case
with many chronic illnesses, complete natural history of NHL prior to onset of symptoms is
still undefined, and as such, it is not possible to determine whether risk is affected by a short
duration excessive exposure that occurred many years before diagnosis or a cumulative effect
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chronic exposure over many years. With particular regard to cancer, many steps are necessary
for malignant transformation70, 71. An exposure might act at any ̀ stage' duringcarcinogenesis,
and the period of relevant exposure would be highly dependent on the point in the causal
sequence during which it acted etiologically, i.e. whether the exposure was an initiator or
promoter of the malignancy in question72. This critical period is particularly difficult to
determine for exposures that are continuous or intermittent72. The period of relevant vitamin
D exposure (dietary or serum 25(OH)D) has been explored in the literature demonstrating a
reduced risk of lymphoma among those with high UVR exposure, from which the hypothesized
association between vitamin D status and NHL was derived. An inverse association between
sun exposure 10 years prior to survey completion and lymphoma risk was demonstrated by
Smedby et al. in their 2005 study25. Furthermore, Hartge et al. reported in their 2006 study
that, when comparing effect across 4 different life periods, high sun exposure 5–10 years prior
to diagnosis was most strongly associated with NHL risk 29. Most recently, Lim et al.
demonstrated a differential association between 25(OH)D and NHL risk by length of follow-
up, with a statistically significant protective effective of higher serum 25(OH)D on NHL risk
observed only in the subgroup of subjects with less than 7 years of follow-up60, a finding that
is consistent with the evidence presented by Smedby and Hartge25, 29, and which emphasizes
the importance of the timing of exposure assessment in investigations of NHL etiology. While
the approach of estimating dietary intake 1–2 years prior to diagnosis is thought to possibly
best measure `usual' adult dietary intake patterns while minimizing recall error, it should be
noted that true exposure 5–10 years prior, potentially the more relevant period of exposure,
may be misclassified by the exposure methods employed to date.

Even if dietary recall is unbiased and accurate, assessment of vitamin D status through
measurement of dietary intake alone, as has been the case in the majority of the studies to date,
may also lead to exposure misclassification. As mentioned earlier, sun exposure is the major
source of vitamin D, and natural dietary sources of vitamin D are limited33. Circulating 25
(OH)D is the preferred biomarker for determining Vitamin D sufficiency, and represents the
combined contributions of both sun produced and dietary (D2 and D3) sources of vitamin
D40, 73. The long half-life (approximately 2–4 weeks) of this metabolite makes 25(OH)D the
major circulating form of vitamin D33, 74, 75. Within a particular season, there is not much
intra-individual 25(OH)D variation34, 73, 75. While 2 prospective studies have reported
associations between serum 25(OH)D and NHL risk but failed to reach statistical significance,
the primary outcome in these studies was cancer incidence58 and cancer mortality59 in general,
and they were both underpowered to draw definitive conclusions as to the relationship between
vitamin D status and NHL in particular.

While the threshold for vitamin D sufficiency, particularly with regard to chronic disease
prevention, is still a matter of much debate, it has been noted in the literature that supplemental
intake of approximately 1,700 IU would be needed to raise serum 25(OH)D concentrations
from 20 – 32 ng/mL76. Additionally, hydroxylation of vitamin D to 25(OH)D in the liver is
inhibited by both vitamin D availability and serum 25(OH)D, resulting in a less robust response
to increase in vitamin D with higher baseline 25(OH)D levels77. Furthermore, the true dose-
response relationships between vitamin D (dietary or serum 25(OH)D) and both NHL
specifically (if any) as well as other cancer types, is unknown78, 79. 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 anticipated79. For
example, Garland et al. suggest that maintenance of 25(OH)D levels above 43 ng/mL is needed
for prevention of breast cancer incidence79. As such, if such levels were also required for NHL
prevention, all dietary intake levels that were examined in the epidemiologic studies to date
would have been insufficient, and an association between vitamin D status and NHL would
not be observed.
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Despite the considerable clinical heterogeneity of the NHL subtypes9, 80–82, the studies to date
that have evaluated the association between vitamin D status and NHL risk have been designed
to evaluate this association with all NHL subtypes combined as the primary hypothesis. In light
of the current inability to consistently demonstrate an association between vitamin D status
and NHL risk, it is possible that any potential association between vitamin D status and
individual subtypes could be muted when the subtypes are combined. 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 research83. Of the 8 studies which have
investigated the association between vitamin D status and NHL, 6 did conduct secondary
analyses by NHL subtype29, 30, 55–57, 60. While Chang et al. found no association between
NHL and vitamin D status considering all subtypes, they did demonstrate an intriguing 5-fold
(95% CI: 1.2 – 19.9) increase in T cell lymphoma among those in the highest quartile of dietary
vitamin D intake (>7.4 μg/day) as compared to those with the lowest intake (≤4.4 μg/day)55.
The inverse association between dietary vitamin D intake and NHL risk reported by Polesel et
al. was strongest among the follicular lymphomas56. Similarly, the interaction between sun
exposure and VDR genotype reported by Purdue et al. was also strongest among follicular
lymphomas57.

Local antiproliferative effects of 25(OH)D depend on functional vitamin D binding proteins
for transport to target tissue, expression of 1α-hydroxylase in the target tissue, and nuclear
vitamin D receptors for transcription regulation84, 85. There is evidence in the vitamin D and
cancer literature that genetic variations along this vitamin D pathway are associated with cancer
risk. For example, in the breast cancer literature, recent evidence suggests that there is an
association between Vitamin D binding protein genotype and breast cancer risk in
postmenopausal women, independent of serum 25(OH)D status85, suggesting the importance
of evaluating not only 25(OH)D status but the entire vitamin D pathway in assessing cancer
risk. There is evidence to suggest that VDR polymorphisms may be associated with NHL risk
in at least some subtypes57, 86. Purdue et al. investigated the role of vitamin D receptor
polymorphisms in the potential association between both dietary vitamin D intake and sun
exposure with NHL risk57. While this study failed to demonstrate an association between
dietary vitamin D and NHL risk, either in general or by genotype, these investigators did
demonstrate that their observed inverse association between sun exposure and NHL risk was
modified by polymorphism in the TaqI VDR SNP, such that the risk of NHL with <7 hrs/day
of sun was 90% higher among tt carriers than the risk of NHL with <7 hrs of sun exposure
among TT carriers57. However, the low power to investigate interaction effects in this study,
in combination with the high probability of chance findings in genetic association studies,
should be recognized.

Conclusions
Irrespective of latitude, vitamin D insufficiency is becoming a global problem50, 77. In
particular, it appears that the prevalence is on the rise, potentially due to a number of
contributing factors, such as concerns over fat intake and lactose intolerance leading to lower
intake of vitamin D fortified foods (particularly milk), increased use of sunblock and decreased
exposure to sunlight, and increased prevalence and duration of breastfeeding given the minimal
vitamin D content of breast milk87. In light of both the seasonal variation in available sunlight
in many regions and the known risk of excessive chronic sun exposure39, investigation of the
risks of vitamin D insufficiency and strategies for enhanced fortification of food sources of
Vitamin D (namely dairy products) is warranted. The list of chronic conditions for which
protective effects of vitamin D sufficiency is currently being assessed includes cancer, rickets,
osteoporosis, diabetes, multiples sclerosis and rheumatoid arthritis, and is growing
continually33, 36, 45, 88–90. If in fact vitamin D status is truly associated with a reduced risk of
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NHL, and many other chronic diseases, immediate public health measures should be taken to
begin to increase 25(OH)D levels.

Finally, even if vitamin D status is ultimately not found to be associated with reduced risk of
NHL, further evaluation of the recently discovered inverse association between NHL risk and
increased sun exposure is necessary. Reports of such associations may lead to
recommendations of sun exposure to increase serum 25(OH)D levels. However, the risk of
increased skin cancer, along with uncertainty of the contributions of variables such as age,
latitude, skin pigmentation, and sunscreen use, make this controversial and difficult to
implement91. Therefore, identification of potential intermediate variables in the association
between sun and NHL risk is of public health importance91.

The limited evidence of an association between vitamin D status and NHL risk to date may
very well be due to methodological limitations, and further investigation of this potential
association is warranted. Particular emphasis should be placed on measuring serum 25(OH)D
to assess vitamin D status, within nested case control or cohort designs where possible, with
careful attention to the timing of exposure assessment in relation to NHL diagnosis. Future
research should incorporate investigation of genetic variations along the vitamin D pathway,
evaluation within specific NHL subtypes, careful consideration of potential confounding
factors and effect modifiers, and subgroup analysis by gender, race/ethnicity and age, in order
to further elucidate the presence and magnitude of the association between vitamin D status
and NHL risk.
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Figure 1.
Proposed mechanism. It is hypothesized that extra-renal conversion of 25(OH)D to the active
vitamin D metabolite (1,25(OH)2D) results in autocrine and paracrine signaling to control
lymphocyte cell proliferation and decrease lymphoma risk.
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Table 2

Vitamin D exposure level and association with NHL risk

Study
Vitamin D Status

Risk Estimate^ Covariates
Exposed Level Reference Level

Hartge et al., 2006 77–203 IU/day+ (dietary intake) 1–21 IU/day+ (dietary intake) OR=1.1 (0.7–1.7)

Age, gender,
ethnicity, center,

metabolic
equivalents per

week of exercise
(<30 vs ≥30),
total energy

Chang et al., 2006 >296 IU/day# (daily intake) ≤176 IU/day# (daily intake) OR=1.3 (0.8–2.1)

Age, sex, total
energy intake
(logarithm),

retinol, calcium,
phosphorus

Polesel, et al.,
2006 >131 IU/day#* (daily intake) <92 IU/day#* (daily intake) OR=0.6 (0.4–0.9)

Age, gender,
center,

education, place
of birth, HCV

test, total energy
intake (Kcal)

Soni et al., 2007 >213.6 IU/day <114.3 IU/day OR=0.9 (0.7–1.3)
Age, gender,

family history of
cancer

Purdue, et al.,
2007 77–203 IU/day+ (dietary intake) 1–21 IU/day+ (dietary intake)

OR=1.8 (0.7–4.5) TaqI
TT**

OR=1.9 (0.7–5.2) TaqI
tt**

Age, gender, site,
ethnicity,

education level,
total caloric

intake

Giovannucci, et
al., 2006

Difference between medians of highest and lowest decile = 27.8 nmol/
L (serum 25(OH)D)

inverse association (not
statistically significant)

between 25 nmol/L interval
25(OH)D increase and

NHL risk (no risk estimate
provided)

Age, height,
smoking history,
intakes of total

calories, alcohol,
red meat,

calcium, retinol,
total fruits and

vegetables
(cohort was men

only)

Range of predicted 25(OH)D values = 68 nmol/L (22.8 – 90.8)

Freedman et al.,
2007 ≥mol/L (serum 25(OH)D) <62.5 nmol/L (serum 25(OH)

D) RR =1.3 (0.6–2.9)
Age, gender,

race/ethnicity,
smoking history

Lim et al., 2009 59.5–124.8 nmol/L (serum 25(OH)D) 6.3–40.0 nmol/L (serum 25
(OH)D)

OR = 0.82 (0.53–1.26) all
cases

Age, month of
blood collection

OR= 1.52 (0.82–2.80)
diagnosis ≥7yrs after

baseline;

OR=0.43 (0.23–0.83)
diagnosis <7yrs after

baseline

HCV = Hepatitis C virus

^
Bolded risk estimates indicate statistical significance; Confidence for all estimates provided when included in study results

+
Average daily values estimated from reported weekly intake values

#
Values converted to IU from reported μg/day according to the following vitamin D specific conversion: 1μg = 40 IU

*
values for exposure levels estimated from standard normal distribution using the provided mean and standard deviation of daily vitamin D intake

among the controls.
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**
OR estimates of the association between vitamin D intake and NHL risk were estimated within genotype of the TaqI Vitamin D Receptor single

nucleotide polymorphism.

Cancer Invest. Author manuscript; available in PMC 2010 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kelly et al. Page 18

Ta
bl

e 
3

Ev
al

ua
tio

n 
of

 th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

vi
ta

m
in

 D
 a

nd
 N

H
L 

ris
k 

by
 ly

m
ph

om
a 

hi
st

ol
og

ic
 su

bt
yp

e

St
ud

y
Sa

m
pl

e 
Si

ze
E

xp
os

ur
e

B
 c

el
l s

ub
ty

pe
s

T
 c

el
l l

ym
ph

om
a

D
iff

us
e 

la
rg

e 
B

 c
el

l l
ym

ph
om

a
Fo

lli
cu

la
r 

ly
m

ph
om

a

H
ar

tg
e 

et
 a

l.,
 2

00
6

55
1 

ca
se

s /
 4

62
 c

on
tro

ls
H

ig
h 

se
lf-

re
po

rte
d,

 e
ne

rg
y 

ad
ju

st
ed

,
di

et
ar

y 
vi

ta
m

in
 D

 (f
oo

d 
so

ur
ce

s a
nd

 d
ie

ta
ry

su
pp

le
m

en
ts

)
N

o 
A

ss
oc

ia
tio

n*
 1

89
 c

as
es

N
o 

A
ss

oc
ia

tio
n*

 1
45

 c
as

es
--

C
ha

ng
 e

t a
l. 

20
06

59
1 

ca
se

s /
 4

61
 c

on
tro

ls
H

ig
h 

se
lf-

re
po

rte
d,

 e
ne

rg
y 

ad
ju

st
ed

,
di

et
ar

y 
vi

ta
m

in
 D

 (f
oo

d 
so

ur
ce

s o
nl

y)
1.

0 
(0

.5
, 1

.9
) 1

47
 c

as
es

1.
1 

(0
.5

, 2
.4

) 1
18

 c
as

es
5.

0 
(1

.2
, 1

9.
9)

 4
1 

ca
se

s

Po
le

se
l, 

et
 a

l. 
20

06
19

0 
ca

se
s /

 4
84

 c
on

tro
ls

H
ig

h 
se

lf-
re

po
rte

d,
 e

ne
rg

y 
ad

ju
st

ed
,

di
et

ar
y 

vi
ta

m
in

 D
 (f

oo
d 

so
ur

ce
s o

nl
y)

0.
7 

(0
.4

 –
 1

.3
) 9

3 
ca

se
s

0.
3 

(0
.1

 –
 0

.9
) 3

1 
ca

se
s

--

So
ni

 e
t a

l.,
 2

00
7

38
7 

ca
se

s /
 5

35
 c

on
tro

ls
H

ig
h 

se
lf-

re
po

rte
d 

di
et

ar
y 

vi
ta

m
in

 D
 (f

oo
d

an
d 

su
pp

le
m

en
t s

ou
rc

es
)

0.
8 

(0
.5

 –
 1

.5
) 9

1 
ca

se
s

1.
0 

(0
.6

 –
 1

.6
) 1

11
 c

as
es

1.
5 

(0
.5

 –
 5

.0
) 1

9 
ca

se
s

Pu
rd

ue
, e

t a
l. 

20
07

55
1 

ca
se

s /
 4

62
 c

on
tro

ls
H

ig
h 

se
lf-

re
po

rte
d,

 e
ne

rg
y 

ad
ju

st
ed

,
di

et
ar

y 
vi

ta
m

in
 D

 (f
oo

d 
so

ur
ce

s a
nd

 d
ie

ta
ry

su
pp

le
m

en
ts

)
N

o 
A

ss
oc

ia
tio

n*
1.

0 
(0

.2
 –

 5
.0

) T
aq

I T
T 

28
 c

as
es

--
4.

8 
(1

.2
 –

 2
0.

0)
 T

aq
I t

t 1
9 

ca
se

s

Li
m

, e
t a

l. 
20

09
28

0 
ca

se
s /

 5
38

 m
at

ch
ed

 c
on

tro
ls

H
ig

h 
se

ru
m

 2
5(

O
H

)D
 m

ea
su

re
d 

at
 b

as
el

in
e

0.
85

 (0
.3

3 
– 

2.
14

) 4
1 

ca
se

s
1.

21
 (0

.3
1 

– 
4.

72
) 2

3 
ca

se
s

0.
73

 (0
.1

6 
– 

3.
33

) 2
2 

ca
se

s

* Sp
ec

ifi
c 

po
in

t e
st

im
at

es
 a

nd
 c

on
fid

en
ce

 in
te

rv
al

s w
er

e 
no

t p
ub

lis
he

d.
 N

.B
.: 

B
ol

de
d 

ris
k 

es
tim

at
es

 in
di

ca
te

 st
at

is
tic

al
 si

gn
ifi

ca
nc

e;
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s f
or

 a
ll 

es
tim

at
es

 p
ro

vi
de

d 
w

he
n 

in
cl

ud
ed

 in
 st

ud
y

re
su

lts
;

Cancer Invest. Author manuscript; available in PMC 2010 November 1.


