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Abstract
The possibility of an inverse association between vitamin D and risk of cancer and, in particular,
of cutaneous malignant melanoma has been suggested, but results of epidemiologic studies are
still conflicting.

We examined the relation between dietary vitamin D intake and melanoma risk through a
population-based case-control study (380 cases, 719 controls) in a northern region of Italy, a
country with average vitamin D intake lower than in northern Europe or the US. We assessed
average daily intake of vitamin D from foodstuffs using the European Prospective Investigation
into Cancer and Nutrition (EPIC) semiquantitative food frequency questionnaire.

In this population, levels of vitamin D intake were considerably lower than those observed in
recent US studies. We found an inverse relation between dietary vitamin D and melanoma risk in
the sample as a whole, in both crude and adjusted analyses. In sex and age-specific analyses, this
association appeared to be stronger among males and among older subjects.

These findings suggest that, at the relatively low levels of intake observed in this sample, an
inverse relation between dietary vitamin D and risk of cutaneous malignant melanoma may exist.

Reprint requests: reprint request should be sent to Marco Vinceti, Dipartimento di Scienze di Sanità Pubblica, Università di Modena e
Reggio Emilia, Via Campi 287 - 41125 Modena, Italia; tel.+ 39 059 2055481; fax.+ 39 059 2055483; marco.vinceti@unimore.it.
Conflict of interest statements: The authors declare that they have no competing interest.

NIH Public Access
Author Manuscript
Nutr Cancer. Author manuscript; available in PMC 2012 May 1.

Published in final edited form as:
Nutr Cancer. 2011 May ; 63(4): 506–513. doi:10.1080/01635581.2011.539314.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
Vitamin D; melanoma; diet; case-control study; epidemiology

Introduction
Attention has been devoted in recent years to the possibility that fat-soluble vitamin D may
decrease the risk of cancer (1,2) and the risk of cutaneous malignant melanoma (CMM) in
particular (3–5). Evidence for a possible preventive role comes from both epidemiologic
investigations (6) and laboratory studies (2,7), which have suggested several biologic
pathways through which vitamin D might counteract cancer risk. However, the few studies
so far conducted on dietary vitamin D and CMM have reported inconsistent results, with
some studies reporting a reduced risk associated with high levels and others finding no
association (8) and even a positive relation (9). These studies have suffered in some cases
from methodological limitations such as low numbers of CMM cases (10) and the use of
hospital-referred controls (11,12), a potential major source of bias (13). Moreover, the
inherent limitations of dietary assessment methods might also explain the inconsistencies
among these studies. Thus studies with methodological improvements are needed to resolve
the scientific uncertainties. Similarly conflicting evidence regarding the vitamin D-cancer
relationship has arisen in observational and experimental studies on other site-specific
neoplasms (14–19) and caution has been correctly advocated to deal with this issue from
public health and clinical perspectives (20–22).

We carried out a population-based case-control study in a northern region of Italy, designed
to test the hypothesis that diet composition is related to the risk of CMM, as suggested by
some epidemiologic studies (10,12,23,24). The population of Italy has been reported to have
a low vitamin D status, as expected on the basis of its inverse relation with southern latitude
(25); elderly women might be at high risk of hypovitaminosis D Isaia (26). We here report
the results of this study concerning the relation between vitamin D intake and CMM risk.

Methods
Subjects

We carried out a population-based case-control study focusing on the association between
dietary habits and melanoma risk in five provinces, Parma, Reggio Emilia, Modena,
Bologna and Ferrara, of the Emilia Romagna region in northern Italy (population about
4,000,000). We attempted to include in the study all patients with newly-diagnosed CMM
referred during the years 2005 and 2006 to the Departments of Dermatology of the Parma,
Modena, Bologna and Ferrara University Hospitals and to the Unit of Dermatology of the
Reggio Emilia Santa Maria Nuova Hospital, and residing in one of the five provinces at time
of diagnosis. Patients who appeared to meet the eligibility criteria were approached by their
dermatologist about participation in the study. Of the patients approached, 394/572 (68.9%)
agreed to participate, giving their informed consent and returning questionnaires. Fourteen
participating patients were eventually excluded, 7 due to actual residence outside the study
provinces and 7 due to extreme values derived from the food frequency questionnaire (FFQ;
see below), leaving a total of 380 cases for the analysis. Of these patients, 175 were males
(86 aged less than 60) and 205 were females (132 younger than 60).

After enrollment of cases, we identified 2825 potential controls from the Emilia-Romagna
region general population, through random selection of individuals enrolled in the Emilia-
Romagna region National Health Service directory (mandatory for all residents). We
identified six referents for each CMM case, matched for gender, year of birth (±5 years) and
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province of residence. Potential controls were mailed an envelope containing a description
of the study, lifestyle and food frequency questionnaires and a pre-paid return envelope. We
also informed the family doctors of the potential controls by mail, providing information
about study methodology and purposes and asking them to encourage the involvement of the
potential participant. Over a two-year period, 747 potential controls (26.4%) gave their
informed consent and returned the questionnaires. Twenty-eight of these individuals were
excluded from the study, 24 due to incompleteness of their FFQ and 4 due to extreme values
(see below), leaving 719 controls for the analysis. Of these subjects, 319 were males (148
<60 years) and 400 females ((266 <60 years).

Data Collection
For cases, the dermatologists collected clinical data on CMM (Breslow tumor thickness,
Clark invasion level, histological type, localization, degree of ulceration and regression),
though these data were not available for all patients.

All subjects were administered a lifestyle questionnaire and FFQ. The questionnaires were
given to cases during a routine visit to their dermatological center, completed at home and
returned to the center. If the subject was no longer followed at the center, he/she was sent
the questionnaires by mail and returned it using a pre-paid envelope. Controls returned the
questionnaires to the Department of Public Health Sciences of University of Modena and
Reggio Emilia. For both cases and controls we provided phone and email contact
information in order to offer assistance when completing and returning the questionnaires.

The lifestyle questionnaire included items on demographic characteristics (place and date of
birth, province of residence, marital status, education, weight and height), phenotypic
characteristics (eye, hair and skin color), sunburn history (never, only before or only after 18
years of age) and skin sun reaction (speed of tan and tendency to burn). Eye color was
classified into three categories: light (blue/green), light brown or dark brown/blacks. Hair
color was classified as blond, red, light brown or dark brown/black at 20 years, and skin
color was classified as white, light brown, brown/olive or dark brown/ebony. Each subject
was assigned to the corresponding phototype using the Fitzpatrick phototyping scale (27).

Dietary habits were assessed using the FFQ used in the European Prospective Investigation
into Cancer and Nutrition (EPIC). This questionnaire was specifically designed and
validated for the central-northern Italy population (28,29) and has been previously used in
epidemiologic research, including by our group in a small earlier study on diet and
melanoma risk (10,23). The EPIC questionnaire is a self-administered semiquantitative FFQ
encompassing 248 questions about frequency and quantity of consumption of 188 food
items over the previous year, and includes illustrations of sample dishes of particular sizes
and references to standard portion sizes. Participants can specify frequency of consumption
of items by day, week or month. Questions on seasoning and food preparation are also
included. The questionnaire responses were checked and study subjects were recontacted to
complete missing information.

Completed FFQs were processed by the Nutritional Epidemiology Unit of Milan National
Cancer Institute using specially-developed software. The software calculates frequency and
quantity of consumption of foodstuffs and of overall intake of nutrients, using a reference
database for food chemical composition (30).

We excluded from the analysis 11 subjects (7 cases and 4 controls) for whom the ratio of
total energy intake (determined from the questionnaire) to calculated basal metabolic rate
was at either extreme of the distribution (cut-offs were the first and last half percentiles), to
reduce the impact of implausible extreme values on the analysis.
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Multivitamin and mineral supplement consumption is not assessed by the EPIC FFQ. To
estimate the prevalence and levels of consumption among the study subjects, we conducted
a telephone survey in a random subsample of 80 subjects (40 cases and 40 controls) residing
in the Modena and Reggio Emilia provinces.

Statistical Analysis
We used conditional logistic regression models to compute odds ratios (OR) and 95%
confidence intervals (CI), adjusting for potential confounders. We matched the available
controls to cases according to province of residence, sex and age (± 5 years). All cases but
one could be retained in the study due to availability of one or more matched controls. For
these analyses, dietary intake of vitamin D was categorized into quintiles based on the intake
distribution in controls, and the reference group was the lowest quintile. We also tested for
trend by entering quintile indicator (1,2,3,4,5) as a linear variable.

We obtained a nonparametric estimate of the relationship between dietary vitamin D intake
and CMM risk using a generalized additive model (31). This model consisted of a logistic
regression model that included potential confounders and modeled the relationship between
the log odds of being a case and dietary vitamin D intake using a natural cubic smoothing
spline. As a sensitivity analysis, we used a range of smoothing parameters (degrees of
freedom); results obtained using 3 degrees of freedom are presented. These analyses were
conducted using the gam package in R version 2.9.2 (32).

Results
Characteristics of study subjects and their dietary vitamin D intake are reported in Table 1.
There were more females than males in the sample, and the median age was 57 years (range
17-94). Education levels and marital status were similar in the two groups. Cases tended to
have more fair skin types and were more likely to report a history of sunburns. Median daily
dietary vitamin D intake was higher in controls compared with cases, and it tended to be
higher in males than in females, and higher in younger subjects compared to older subjects.
Table 2 compares the distribution of intake in the study subjects to distributions reported in
the studies of Weinstock et al. (11), Millen et al. (12), and Asgari et al. (8), which involved
populations in the United States. These results show that intakes among these residents of
northern Italy were considerably lower. Concerning intake of vitamin D-containing
supplements, through the telephone survey carried out in a random sample of the study
population we identified only five consumers of these products, three among cases (7.5%,
3/40) and two among controls (5%, 2/40), during the five years before the interview. For all
five subjects, additional vitamin D intake was due to occasional consumption of
multivitamin/mineral supplements particularly during the summer. When we examined
dietary vitamin D intake according to Breslow tumor thickness, we noted a tendency
towards lower values in patients with the highest degrees of thickness among males and to
some extent also in females, though in the latter group patients with in situ melanoma
exhibited low values of intake (data not shown).

The risk of CMM was inversely associated with vitamin D intake in men and in all subjects
combined in unadjusted analyses for trend conducted using conditional logistic regression,
and this association remained in multivariate analysis controlling for total energy and
calcium intake, phototype, skin sun reaction, history of sunburns and education (Table 3). In
this adjusted analysis with vitamin D intake categorized by quintiles, the odds of CMM were
consistently lower in the highest quintile for men and for all subjects. After stratification by
sex and by age, an inverse relation between CMM risk and vitamin D intake was stronger in
males than females, and in older subjects than in the younger groups.
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We also estimated the association between vitamin D intake and CMM risk when entering in
the multivariate model the intakes of other vitamins and of minerals, namely iron, calcium,
potassium, zinc, phosphorus, thiamine, niacin, riboflavin, vitamin B6, pyridoxine, retinol,
carotenoids, vitamin C, folate and vitamin E, in addition to energy intake (results not
shown). In this analysis, an increase of 1 μg/day of vitamin D intake was associated with an
OR for melanoma of 0.85 (95% CI 0.74–0.97, P=0.020), compared with the OR of 0.87
(95% CI 0.78–0.99, P=0.029) in the unadjusted analysis. None of the dietary factors entered
in the regression model showed any association with disease risk with the exception of a
slight positive association with calcium intake, which however disappeared in the
unadjusted analysis limited to this variable.

As a sensitivity analysis, we conducted a series of analyses in which we omitted one
province of residence at a time and re-ran the models. These results indicated that no single
province had an undue influence on the estimates (results not provided).

We also carried out subgroup analyses in order to evaluate possible modifying effects of
phototype, tumor Breslow thickness, sunburn history and skin sun reaction, calculating the
OR for continuous increase in vitamin D intake. Most odds ratios were consistent with an
inverse relation between vitamin D and CMM risk, across all phototype, Breslow thickness,
sunburn history and skin sun reaction groups, although precision was low due to small
sample sizes. The strongest suggestion of a modifying effect was seen in men with
phototype IV, who had a particularly strong inverse association, with phototype II, and with
a Breslow thickness between 1 and 2 mm. Most ORs were consistent with a stronger relation
among men than among women. Females exhibiting a high tendency to burn and slowly tan
showed little evidence of a vitamin D-melanoma risk relation.

Figure 1 presents nonparametric estimates of the relationship between dietary vitamin D
intake and CMM risk obtained using a generalized additive model, controlling for age, sex
(when both sexes were included), energy and calcium intake, phototype, skin sun reaction,
history of sunburns and education. These results indicate a decrease in CMM risk with
increasing dietary intake among older men and women, and limited evidence of such a
relation in females younger than 60.

Discussion
This study has important strengths and limitations. One strength is the validity and
completeness of the EPIC food frequency questionnaire, which had been specifically
developed and validated in the northern Italy population and which should have allowed in
the study population a very accurate estimate of the intake of vitamin D and more generally
of nutrients. Furthermore, the sample size of this study yielded statistically stable risk
estimates and was sufficient to support stratified analyses, which allowed us to investigate
the potential role of sex and age as effect modifiers in the vitamin D-melanoma relation as
well as of phototype, melanoma Breslow thickness, sunburn history and skin sun reaction,
albeit with more limited precision. Finally, we consider it unlikely that recall bias occurred
with regard to assessment of vitamin D intake, since there seems to be little if any awareness
among this population about the efficacy of vitamin D in preventing melanoma or more
generally cancer, thus making it highly unlikely that the consumption of foods with high
vitamin D content was incorrectly reported.

In this study, we did not systematically collect information about consumption of dietary
supplements containing vitamin D, and therefore we could not exclude the occurrence of
measurement error in the assessment of dietary intake. However, the use of vitamin D
supplements is exceptionally rare in Italy compared with the US (8,12), as also confirmed by
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the survey we carried out among 40 cases and 40 controls randomly sampled among the
study subjects residing in the Modena and Reggio Emilia provinces. Therefore, in the
present investigation substantial misclassification of dietary vitamin D intake due to missing
information about this additional source of intake is most unlikely to have occurred.

Due to the study design, we were unable to evaluate the role of some important risk factors
for CMM, such as number and characteristics of atypical nevi and overall sun exposure.
However, there is little basis to hypothesize that these nevi were more frequent in subjects
with low vitamin D intake, and that in that case they were not a consequence of this reduced
intake.

This study focused on vitamin D dietary intake and not on other indicators of vitamin D
status, such as the blood levels of 25-hydroxyvitamin D, whose relation with dietary intake
correlates well in some studies but not so well in others (33). However, recent studies appear
to confirm that dietary habits are an important determinant of serum or plasma 25-
hydroxyvitamin D levels (34–37), though this relation might be weaker in US populations
(38,39). Moreover, a validation of the ability of dietary vitamin D assessment methodology
to reflect circulating 25-hydroxyvitamin D levels has been done within the EPIC study
framework in the ‘Oxford cohort’, showing a strong direct association between these two
indicators of vitamin D status (40). The questionnaire used in that validation study was
based on frequency of consumption of 130 foods over the previous 12 month, while the
questionnaire we administered investigated consumption of 188 food items, and it assessed
both frequency and quantity of consumption. Therefore, despite the potential differences
between these English and Italian populations and the lack of a direct validation study in our
setting, we consider it very likely that the assessment method we used could reliably
estimate vitamin D status.

We experienced a low participation rate among controls, and therefore we cannot entirely
rule out the possible occurrence of some selection bias in this population. We attempted to
further investigate this issue in a small subgroup, the residents in one of the study
municipalities (Reggio Emilia, around 160,000 inhabitants), collecting information about
educational attainment level and income in the year 2005, with a methodology recently used
and limiting the analysis to males due to the very high level of missing information found in
females for annual income (41). The distribution of educational attainment and income was
substantially similar among responders and non-responders, suggesting that selection bias
may have been minimal (data not shown), and we consider these indications as generalizable
to the entire study control population due to the homogeneity of the Emilia-Romagna
population as far as ethnic, cultural and socioeconomic characteristics are concerned.

Overall, our results suggest an inverse relation between vitamin D intake and melanoma
risk, across all study subgroups though more evident in older subjects and in males. The
possibility that age and gender influence the vitamin D - melanoma risk relation is of interest
but is not supported by previous results from the US studies (8,9,11,12), and our
observations might reflect selective confounding or differential measurement error, i.e., a
reduced ability of dietary assessment in estimating vitamin D status in females and in the
youngest subjects, thus slightly biasing the risk estimates towards the null.

The inverse association we observed between vitamin D intake and disease risk is consistent
with results reported from a US hospital-based case-control study (12) but not with the
results of the two smaller investigations on a nearly identical population from the
Massachusetts General Hospital (9,11), showing a direct association between melanoma risk
and overall vitamin D intake. Furthermore, a recent large cohort study found an excess
disease risk associated with high vitamin D intake from foods (but not from supplements)
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(8), though this investigation examined a population with an age range at baseline of 50–76,
and no separate analysis for the older age group was reported. Moreover, in all of the US
investigations, average vitamin D intakes of the study populations were considerably higher
than in our population, and therefore the possibility of a biphasic relation between vitamin D
and CMM risk according to the range of exposure, i.e. of an increased risk at both low and
high levels of intake within a relatively low range, should be considered. It should also be
noted that melanoma risk was found to be directly associated with consumption of vitamin
D-containing dietary supplements (9,11), though such association was not confirmed in two
other studies (8,12). A small cohort study carried out in a US population showed an
increased melanoma risk (1.6, 95% CI 0.5–6.1) in the lower tertile of serum 1,25
dihydroxyvitamin D levels (42).

We did not identify clear evidence of a differential relation between CMM risk and vitamin
D according to tumor thickness, with the exception of the 1–2 mm Breslow score category.
Evaluation of these results is however hampered by the low number of cases in the >2 mm
thickness category, which also makes it difficult to compare these findings with the recent
observations of an inverse association between Breslow thickness and vitamin D serum
concentrations among US melanoma patients (43).

In this study, we collected information about two indicators related to sun exposure (subject
to recall bias due to the case-control design of the study), sunburn history and tanning
habits-skin sun reaction, which were independently related to melanoma risk (data not
shown). Stratified analyses yielded little evidence of any relation between these two factors
and the vitamin D-melanoma inverse association generally observed across all subgroups.

In conclusion, our study provides observational evidence supporting a beneficial effect of
higher vitamin D intake from foods on melanoma risk in this well-nourished Italian
population with average levels of intake generally lower than the US population and little
evidence of any supplementation. However, due to the conflicting results of the
epidemiologic literature on the vitamin D-melanoma relation (6), some indications of excess
cancer risk associated with higher vitamin D status (17,44), and the still incomplete risk
assessment of vitamin D (20), further careful investigation of this issue and of the potential
risks associated with vitamin D supplementation is clearly needed before advocating any
public health measures in this area.
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Figure 1.
Nonparametric estimates of the association between melanoma risk and dietary vitamin D
intake obtained from a generalized additive model, with adjustment for age, energy and
calcium intake, phototype, skin sun reaction, history of sunburns and education. Outer
dotted lines represent 95% confidence limits. Rugplots at the bottom of each panel indicate
the vitamin D intake values among the subjects in the analysis.
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Table 1

Characteristics of study subjects

Cases Controls

n (%) n (%)

All subjects 380 (34.6) 719 (65.4)

Gender

 Male 175 (46.1) 319 (44.4)

 Female 205 (53.9) 400 (55.6)

Age

 <20 1 (0.1) 2 (0.4)

 20–39 107 (14.9) 62 (12.6)

 40–59 306 (42.5) 170 (34.4)

 60–79 278 (38.7) 235 (47.6)

 ≥80 27 (3.8) 25 (5.6)

Province

 Bologna 122 (32.1) 198 (27.5)

 Ferrara 33 (8.7) 93 (12.9)

 Modena 87 (22.9) 234 (32.6)

 Parma 32 (8.4) 57 (7.9)

 Reggio Emilia 106 (27.9) 137 (19.1)

Educational attainment

 Less than primary school 7 (1.8) 10 (1.4)

 Primary school 84 (22.1) 160 (22.2)

 Middle school 95 (25.0) 176 (24.5)

 High school 136 (35.8) 266 (37.0)

 University 52 (14.8) 103 (14.3)

 Unknown 2 (0.5) 4 (0.6)

Marital status

 Married 257 (67.6) 493 (68.7)

 Unmarried/single 68 (17.9) 103 (14.3)

 Divorced 23 (6.0) 48 (6.6)

 Widowed 31 (8.2) 74 (10.3)

 Unknown 1 (0.3) 1 (0.1)

Phototype

 I 105 (27.6) 109 (15.2)

 II 136 (35.8) 238 (33.1)

 III 122 (32.1) 312 (43.4)

 IV 17 (4.5) 60 (8.3)

 V 0 (0.0) 0 (0.0)

 VI 0 (0.0) 0 (0.0)

Sunburns history

 Never 182 (47.9) 452 (62.9)
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Cases Controls

n (%) n (%)

 Before 18 years 108 (28.4) 164 (22.8)

 After 18 years 90 (23.7) 103 (14.3)

Vitamin D intake (μg/day) Median Range Median Range

 All subjects 2.3 (0.3–9.4) 2.4 (0.3–13.4)

  Males 2.4 (0.6–7.3) 2.4 (0.5–13.4)

  Females 2.2 (0.3–9.4) 2.4 (0.3–11.8)

 All subjects <60 years 2.5 (0.4–9.4) 2.6 (0.3–11.8)

  Males <60 years 2.6 (0.9–7.3) 2.6 (0.6–8.4)

  Females <60 years 2.3 (0.4–9.4) 2.5 (0.3–11.8)

 All subjects ≥60 years 2.0 (0.3–6.1) 2.2 (0.5–13.4)

  Males ≥60 years 2.1 (0.6–5.3) 2.3 (0.5–13.4)

  Females ≥60 years 2.0 (0.3–6.1) 2.0 (0.6–7.1)
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