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Abstract
Objective: We aimed at examining the association between dietary constituents and
risk of cutaneous melanoma.
Design: In an area of northern Italy we recruited 59 newly diagnosed melanoma
patients and 59 age- and sex-matched population controls, to whom we administered
a validated semi-quantitative food-frequency questionnaire.
Results: We found an excess risk of melanoma in subjects with a higher energyadjusted intake of total polyunsaturated fatty acids and, in particular, of linoleic acid
(relative risk ¼ 2.16 for intake in the highest tertile compared with the lowest tertile, P
for linear trend ¼ 0.061). Conversely, disease risk was inversely associated with the
consumption of soluble carbohydrates (relative risk ¼ 0.34 for intake in the upper vs.
the lowest tertile adjusting for total energy intake, P for linear trend ¼ 0.046). No
other dietary factors, including alcohol, vitamins and trace elements, correlated with
melanoma risk. The association of melanoma risk with linoleic acid and soluble
carbohydrates intakes was further strengthened in multivariate analysis, and when
analysis was limited to females.
Conclusions: Overall, these results indicate that an excess energy-adjusted intake of
linoleic acid and a lower consumption of soluble carbohydrates may increase
melanoma risk.

A recent report from England on trends in cancer
occurrence between 1991 and 2000 classifies melanoma
as having the highest increase in incidence among all sitespecific neoplasms1. The incidence of melanoma has
increased generally in western European countries during
the last few years, and early detection owing to screening
does not appear as the only explanation for this fact2. This
points to the role of environmental risk factors in increasing
melanoma incidence, but the exact nature of these factors,
apart from ultraviolet exposure, is still unclear3. Diet has
long been suspected of playing a role in favouring
melanoma occurrence, and new interest in this issue has
recently been raised by two large hospital-based case–
control studies4,5, although the results of the few
investigations carried out so far have yielded inconsistent
results3,6. To further explore the possible relationship
between dietary factors and melanoma risk, we carried out
a population-based case –control study in an Italian region.
Methods
We carried out a population-based case – control
study to investigate the possible relationship between
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environmental factors and risk of cutaneous melanoma in
the population from Modena Province, an area in northern
Italy with approximately 650 000 inhabitants7 . We
recruited for a period of three consecutive years all the
patients newly diagnosed with cutaneous melanoma
attending the Dermatologic Clinic of Modena University
Hospital, which is the only centre for diagnosis, therapy
and follow-up of the disease within the province.
Inclusion criteria were residence in Modena Province
and a histologically based recent diagnosis of cutaneous
melanoma without clinical evidence of metastasis.
Fifty-nine out of the 82 patients (72.0%) eligible to
participate in the study accepted to do so.
Subsequently, we randomly selected a resident of
Modena Province, sex- and age-matched (^5 years) to
each patient. This was carried out by using the database
for all Modena residents available at the Modena Local
Health Authority. Eligible controls were contacted by
telephone were enrolled in the study after having given
their informed consent to the protocol and aims of the
study. When a control subject could not be enrolled,
another resident age- and sex-matched to the patient was
contacted and invited to participate.
q The Authors 2005
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Table 1 Crude and energy-adjusted relative risk of melanoma according to daily intake of dietary factors, case– control study on environmental determinants of cutaneous melanoma in Modena Province, northern Italy
Relative risk (95% confidence interval)
Factor
Total proteins
Animal proteins
Vegetable proteins
Total fat
Animal fat
Vegetable fat
Total saturated fatty acids
Oleic acid
Total monounsaturated fatty acids
Linoleic acid
Linolenic acid
Other polyunsaturated fatty acids
Total polyunsaturated fatty acids
Cholesterol
Available carbohydrates
Starch
Soluble carbohydrates
Dietary fibre
Alcohol
Energy
Iron
Calcium

I*
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Energy-adjusted
Tertile cut-off (g)
Crude
Tertile cut-off (kcal)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)

1.00
1.00
,74.138
1.00
1.00
,49.383
1.00
1.00
,19.256
1.00
1.00
,68.722
1.00
1.00
,39.099
1.00
1.00
,24.586
1.00
1.00
,23.465
1.00
1.00
,27.095
1.00
1.00
,29.338
1.00
1.00
,6.976
1.00
1.00
,1.001
1.00
1.00
,0.411
1.00
1.00
,8.407
1.00
1.00
,289.751
1.00
1.00
,195.850
1.00
1.00
,97.738
1.00
1.00
,86.256
1.00
1.00
,14.457
1.00
1.00
,1.625
1.00
,1766.41
1.00
1.00
,11.666
1.00
1.00
,757.927

II
1.33 (0.46–3.84)
0.54 (0.10–3.01)
$74.138–,96.616
0.87 (0.32–2.41)
0.57 (0.17–1.9)
$49.383–,70.429
1.83 (0.68–4.96)
1.60 (0.50–5.07)
$19.256–,30.911
1.67 (0.61–4.59)
1.06 (0.18–6.20)
$68.722–,89.503
0.87 (0.32–2.41)
0.57 (0.17–1.89)
$39.099–,54.773
2.33 (0.60–9.02)
2.87 (0.63–13.18)
$24.586–,37.775
1.25 (0.49–3.17)
0.66 (0.17–2.53)
$23.465–,33.606
9.00 (1.14–71.04)
43.07 (1.96–944.69)
$27.095–,40.143
8.00 (1.00–63.96)
30.51 (1.45–643.90)
$29.338–,42.587
0.78 (0.29–2.09)
0.35 (0.08–1.54)
$6.976– ,8.811
1.25 (0.49–3.17)
0.59 (0.16–2.24)
$1.001– ,1.296
4.33 (1.23–15.21)
7.13 (1.49–34.06)
$0.411– ,0.799
1.14 (0.41–3.15)
0.55 (0.13–2.33)
$8.407– ,10.830
0.29 (0.06–1.37)
0.18 (0.03–0.96)
$289.751– ,402.895
1.80 (0.60–5.37)
1.82 (0.43–7.62)
$195.850– ,291.882
1.67 (0.61–4.59)
1.55 (0.45–5.28)
$97.738–,165.190
0.75 (0.26–2.16)
0.73 (0.23–2.27)
$86.256– , 114.814
1.75 (0.51–5.98)
2.24 (0.55–9.07)
$14.457–,20.276
1.67 (0.61–4.59)
1.86 (0.64–5.42)
$1.625– ,23.248
1.67 (0.61–4.59)
$1766.41– ,2365.391
0.67 (0.24–1.87)
0.16 (0.02–1.07)
$11.666–,14.934
1.60 (0.52–4.89)
1.89 (0.50–7.12)
$754.927– ,1057.486

III
0.50 (0.15–1.66)
0.83 (0.14–4.71)
$96.616
0.62 (0.20–1.91)
0.86 (0.21–3.55)
$70.429
0.60 (0.14–2.51)
0.89 (0.05–14.47)
$30.911
0.60 (0.14–2.51)
1.21 (0.09–15.28)
$89.503
0.56 (0.19–1.66)
0.80 (0.17–3.72)
$54.773
0.83 (0.25–2.73)
1.01 (0.20–5.04)
$37.775
0.57 (0.17–1.95)
0.92 (0.12–7.28)
$33.606
1.00 (0.25–3.40)
5.01 (0.44–57.13)
$40.143
1.25 (0.34–4.65)
5.33 (0.56–50.73)
$42.587
1.00 (0.32–3.10)
2.16 (0.40–11.72)
$8.811
0.43 (0.11–1.66)
0.97 (0.14–6.53)
$1.296
0.67 (0.19–2.36)
0.73 (0.16–3.29)
$0.799
1.00 (0.32–3.10)
2.62 (0.45–15.35)
$10.830
0.50 (0.17–1.46)
0.50 (0.12–2.12)
$402.895
0.50 (0.12–2.00)
0.42 (0.03–5.90)
$291.882
0.83 (0.25–2.73)
6.76 (0.57–80.02)
$165.190
0.57 (0.17–1.95)
0.34 (0.07–1.73)
$114.814
2.00 (0.50–8.00)
2.14 (0.31–14.77)
$20.276
0.50 (0.12–2.00)
0.97 (0.17–5.50)
$23.248
0.43 (0.11–1.66)
$2365.391
0.83 (0.25–2.73)
1.45 (0.19–11.3)
$14.934
1.00 (0.32–3.10)
0.81 (0.14–4.73)
$1057.486

P for linear
trend
0.514
0.979
0.477
0.803
0.793
0.549
0.799
0.369
0.446
0.752
0.623
0.215
0.488
0.890
0.962
0.355
0.927
0.377
0.290
0.061
0.859
0.459
0.288
0.408
0.399
0.080
0.210
0.252
0.346
0.468
0.962
0.367
0.055
0.046
0.560
0.905
0.807
0.978
0.482
0.380
0.548
0.384
0.604
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Table 1. Continued
Relative risk (95% confidence interval)
Factor
Sodium
Potassium
Phosphorus
Zinc
Thiamine
Riboflavin
Niacin
Vitamin C
Vitamin B6
Folic acid
Retinol equivalents
Retinol
b-Carotene
Vitamin E
Vitamin D

I*
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)
Crude
Energy-adjusted
Tertile cut-off (mg)

II

1.00
1.00
,1796.629
1.00
1.00
,2642.938
1.00
1.00
,1192.072
1.00
1.00
,9.797
1.00
1.00
,0.916
1.00
1.00
,1.231
1.00
1.00
,15.516
1.00
1.00
,85.739
1.00
1.00
,1.545
1.00
1.00
,198.658
1.00
1.00
,612.444
1.00
1.00
,246.16
1.00
1.00
,1747.094
1.00
1.00
,6.410
1.00
1.00
,2.039

0.78 (0.29–2.09)
0.63 (0.17–2.36)
$1796.629 –,2518.013
1.14 (0.41–3.15)
1.52 (0.40–5.83)
$2642.938 –,3370.434
1.00 (0.37–2.66)
1.19 (0.27–1.28)
$1192.072 –,1601.103
1.80 (0.60–5.37)
1.60 (0.28–9.10)
$9.797–,13.560
0.78 (0.29–2.09)
0.46 (0.12–1.73)
$0.916–,1.158
1.43 (0.54–3.75)
1.17 (0.34–4.01)
$1.231–,1.590
1.00 (0.35–2.85)
0.45 (0.10–1.95)
$15.516–,20.024
1.75 (1.51–5.98)
1.77 (0.51–6.15)
$85.739–,105.794
0.37 (0.10–1.41)
0.26 (0.05–1.35)
$1.545–,1.950
1.33 (0.30–5.96)
1.84 (0.27–12.29)
$198.658– ,250.708
0.86 (0.29–2.55)
0.76 (0.21–2.81)
$612.444– ,943.917
0.67 (0.24–1.87)
0.38 (0.10–1.48)
$246.16– , 428.833
2.00 (0.60–6.64)
2.50 (0.67–9.28)
$1747.094 –,3012.109
1.37 (0.55–3.42)
1.57 (0.53–4.59)
$6.410–,8.174
0.86 (0.29–2.55)
0.61 (0.17–2.10)
$2.039–,2.940

III
1.20 (0.37– 3.93)
5.88 (0.48– 72.74)
$2518.013
1.50 (0.42– 5.31)
3.43 (0.42– 27.96)
$3370.434
0.40 (0.12– 1.27)
0.42 (0.71– 2.44)
$1601.103
0.67 (0.19– 2.36)
1.57 (0.21– 11.71)
$13.560
0.71 (0.23– 2.25)
0.62 (0.11– 3.57)
$1.158
0.50 (0.12– 2.00)
0.84 (0.13– 5.37)
$1.590
0.50 (0.15– 1.66)
0.31 (0.05– 1.93)
$20.024
0.60 (0.14– 2.51)
0.71 (0.13– 4.03)
$105.794
1.33 (0.46– 3.84)
1.82 (0.42– 7.93)
$1.950
1.25 (0.34– 4.65)
1.25 (0.18– 8.60)
$250.708
0.60 (0.14– 2.51)
0.64 (0.14– 2.95)
$943.917
1.00 (0.25– 4.00)
1.94 (0.33– 11.54)
$428.833
1.50 (0.42– 5.31)
1.60 (0.42– 6.12)
$3012.109
1.20 (0.37– 3.93)
1.16 (0.26– 5.07)
$8.174
0.78 (0.29– 2.09)
0.76 (0.23– 2.50)
$2.940

P for linear
trend
0.979
0.335
0.628
0.873
0.325
0.392
0.491
0.895
0.253
0.308
0.424
0.681
0.469
0.799
0.401
0.553
0.590
0.930
0.578
0.992
0.261
0.349
0.229
0.288
0.844
0.981
0.484
0.125
0.247
0.350

* Lowest tertile.

The study protocol included a dermatological examination, administration of questionnaires on anamnestic
data, diet and lifestyle habits, as well as the sampling of
blood and toenails. Among the anamnestic data we
collected, we paid particular attention to the overall
history of sun exposure by asking information about
estimated periods of the day and of the year spent in
sunshine during the subject’s lifetime, visits to tropical
countries, history of any sunburn and of solar lentigines,
and use of sunscreen. We also investigated the possible
use of sunlamps and the phototype of the subject.
The dietary questionnaire was developed by epidemiologists from the Milan National Cancer Institute within the
framework of the European Prospective Investigation on

Cancer and Nutrition (EPIC)8 and specifically designed for
different Italian areas, such as Nord-Central Italy for the
version adopted in the present study9. It was a selfadministered, semi-quantitative food-frequency questionnaire divided into 14 sections: pasta and rice, soup, meat
excluding cured meats, fish, raw vegetables, cooked
vegetables, eggs, sandwiches, salami and other cured
meat, cheese, fruit, bread and wine, milk/coffee/cakes,
herbs and spices. The questionnaire included 248
questions on frequency (per day, month or year) of
consumption of 188 food items. The quantity of each food
consumed was assessed by selecting an image of a food
portion using the 17 sets of pictures indicating small,
medium and large portion sizes or slight modification of
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these quantities. Images of glasses and cups of different
sizes were also used to estimate wine and milk
consumption, and the type of fats used as condiments
for some foods or if added after cooking was assessed.
Cooking procedures were taken into consideration.
After compilation and collection, the questionnaires
were read by expert personnel and computerised using an
optical reader and software developed at the National
Cancer Institute. In this process possible inconsistencies
between ‘linked’ replies were checked (for example,
details on cooking methods for salmon were not
acceptable if no consumption of salmon was acknowledged). The software allowed for the calculation of
consumption frequency and daily quantities of each food
item, as well as the intake of dietary factors using the
Italian Food Composition Tables for Epidemiologic Studies
as the reference database10.
We computed odds ratios of melanoma as an estimate of
relative risk (RR) according to categories of dietary factor
intake, using a matched analysis based on bivariate and
multivariate conditional logistic regression models. We
divided the subjects according to tertile cut-offs of dietary
factors, based on distribution in referents; for genderspecific analyses, we used the median as cut-off for OR
calculation. To compute P-values for linear trends we
entered into the model intakes of dietary factors as
continuous variables. Adjustment for energy in multivariate analysis was performed by entering overall energy
intake as a covariate in the model; for selected nutrients
showing in this analysis an abnormally high RR or a
tendency towards an association with melanoma risk, we
also repeated the analyses by adjusting for energy intake
using the residual method11. We fitted a cubic natural
spline regression to evaluate the continuous relationship
with melanoma risk of the two dietary factors more
strongly associated with disease itself in the conditional
logistic regression model, simultaneously adjusting for
intake of the other dietary factor. To examine the
relationship between age and intake of selected factors
and total energy, we calculated the Spearman rank
correlation coefficient.

M Vinceti et al.
Table 2 Multivariate analysis of melanoma risk* according to
intake of linoleic acid and soluble carbohydrates, case–control
study on environmental determinants of cutaneous melanoma,
Modena Province, northern Italy
Category
Dietary factor
Linoleic acid
Soluble carbohydrates

I†

II

P for linear
trend

1.00
1.00

1.59 (0.61– 4.13)
0.48 (0.20– 1.12)

0.054
0.017

* Relative risk of melanoma (95% confidence interval) using conditional
logistic regression and adjusting for the remaining dietary factor.
† Referent category (average nutrient intake below the median as calculated in controls).

and, in both the energy-adjusted and unadjusted analyses,
a lower risk in subjects characterised by a higher intake of
soluble carbohydrates (P trend ¼ 0.046). Total energy
intake was not associated with risk of the disease. We also
found a high risk of melanoma in subjects belonging to the
middle tertile of intake for oleic acid and for total
monounsaturated fatty acids, but the risks in the highest
tertile and the trend analysis did not suggest an association
between high intake of these dietary factors and disease
risk.
When we entered in a multivariate model the two
dietary factors most strongly associated with melanoma
risk, linoleic acid and soluble carbohydrates, a stronger
effect of these variables on melanoma risk than that
detected in the bivariate analyses emerged (Table 2). In
cubic spline multivariate regression analysis, risk
increased smoothly at higher linoleic acid intake,
particularly for low and high levels of this dietary factor,
whilst there was little evidence of an association at
intermediate levels of intake (Fig. 1). Concerning
consumption of soluble carbohydrates, we detected a
strong inverse linear relationship with disease risk only at
the highest levels of intake (Fig. 2).
We repeated data analysis after stratification for gender,
calculating the unadjusted and adjusted RR of melanoma

Results
In total, 59 patients (28 males and 31 females, mean age
58.1 and 53.9 years, respectively) and 59 age- and sexmatched referents were included in the study. In Table 1
we report the RR of melanoma in the whole study
population according to tertile distribution of the dietary
factors, with and without adjustment for total energy
intake. We found little evidence of an association with the
majority of dietary constituents, with three exceptions: an
excess risk associated with higher energy-adjusted intake
of polyunsaturated fatty acids (PUFA) (P for linear
trend ¼ 0.080) and linoleic acid alone (P trend ¼ 0.061),

Fig. 1 Log odds of being a case at increasing intake of linoleic
acid among population referents and patients with cutaneous melanoma, Modena, Italy (natural cubic spline regression adjusting
for intake of soluble carbohydrates)

Diet and melanoma risk

Fig. 2 Log odds of being a case at increasing intake of soluble
carbohydrates among population referents and patients with
cutaneous melanoma, Modena, Italy (natural cubic spline
regression adjusting for linoleic acid intake)

associated with intake of linoleic acid and soluble
carbohydrates equal or above the median value
(Table 3). In multivariate analysis adjusting for energy
and the other dietary factor, we observed in females a
tendency towards excess risk in subjects having a higher
intake of linoleic acid and a lower consumption of soluble
carbohydrates. In males, despite RRs being generally
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comparable to estimates obtained in females, estimates
were statistically very unstable. Inclusion in the analysis of
factors such as body mass index, smoking, education,
family history, indicators of overall sun exposure and
history of sunburn, phototype and number of atypical
nevi, or using the residual method for total energy intake
adjustment, or repeating the analyses after stratification for
age (#54 years and .54 years), had no substantial effects
on these risk estimates. However, using the residual
method for total energy intake adjustment strongly
reduced the very high RR observed in the second tertile
of intake of total monounsaturated fatty acids and of oleic
acid.
In Table 4 we report overall total energy intake and
the intake of factors found to be associated with disease
risk: PUFA, linoleic acid and soluble carbohydrates.
We detected in patients a tendency towards a lower
intake of soluble carbohydrates and a higher intake of
PUFA and linoleic acid, despite the lower intake of
energy particularly in females. When we analysed the
possible association of age with these factors, inverse
relationships emerged in referents, whilst in patients the
only association we detected was the inverse
one between age and soluble carbohydrates intake
(Table 5).

Table 3 Gender-specific risk* of melanoma according to daily intake of selected dietary factors,
case– control study on environmental determinants of cutaneous melanoma, Modena Province,
northern Italy
Category
Factor
Males
Linoleic acid
Crude
Adjusted for energy
Adjusted for energy and soluble carbohydrates
Adjusted for soluble carbohydrates
Cut-off (g)
Soluble carbohydrates
Crude
Adjusted for energy
Adjusted for energy and linoleic acid
Adjusted for linoleic acid
Cut-off (g)
Females
Linoleic acid
Crude
Adjusted for energy
Adjusted for energy and soluble carbohydrates
Adjusted for soluble carbohydrates
Cut-off (g)
Soluble carbohydrates
Crude
Adjusted for energy
Adjusted for energy and linoleic acid
Adjusted for linoleic acid
Cut-off (g)

I†

II

P for linear
trend

1.00
1.00
1.00
1.00
,7.47

1.67 (0.40– 6.97)
2.24 (0.42– 12.05)
2.01 (0.36– 11.21)
1.89 (0.43– 8.27)
$7.47

0.391
0.300
0.421
0.388

1.00
1.00
1.00
1.00
,95.53

0.67 (0.24– 1.87)
0.64 (0.20– 2.06)
0.70 (0.22– 2.30)
0.65 (0.22– 1.85)
$ 95.53

0.242
0.231
0.314
0.243

1.00
1.00
1.00
1.00
,7.62

0.88 (0.32– 2.41)
1.24 (0.31– 4.93)
1.34 (0.31– 5.76)
1.73 (0.47– 6.39)
$7.62

0.506
0.077
0.071
0.046

1.00
1.00
1.00
1.00
,103.91

0.30 (0.08– 1.09)
0.19 (0.03– 1.10)
0.14 (0.02– 1.02)
0.10 (0.02– 0.65)
$103.91

0.132
0.096
0.077
0.023

* Relative risk of melanoma (95% confidence interval) comparing subjects with average intake greater than the
cut-off value versus remaining subjects.
† Referent category (average nutrient intake below the median as calculated in controls).
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Table 4 Mean daily intake (^standard deviation) of selected dietary factors in population referents and in patients with cutaneous
melanoma, Modena Province, northern Italy
Dietary factor

Females (n ¼ 62)

Males (n ¼ 56)

21

Total polyunsaturated fatty acids (g day )
Referents
9.43 ^ 3.30
Patients
9.94 ^ 3.84
21
Linoleic acid (g day )
Referents
7.59 ^ 2.66
Patients
8.20 ^ 3.52
21
Soluble carbohydrates (g day )
Referents
112.19 ^ 56.29
Patients
95.84 ^ 24.73
Total energy intake (kcal day21)
Referents
2014.4 ^ 758.6
Patients
1893.4 ^ 501.2

9.84 ^ 3.39
10.52 ^ 3.68
8.00 ^ 2.91
8.73 ^ 3.36
97.54 ^ 40.27
86.25 ^ 27.26
2228.8 ^ 720.4
2195.6 ^ 518.7

Discussion
Mackie originally reported in 1974 an unusually high
incidence of melanoma (of the leg) in subjects who had
partially replaced their intake of saturated fat with PUFA12.
In subsequent studies, this investigator and co-workers
reported higher dietary intakes and tissue levels of PUFA –
and, in particular, of linoleic acid – in melanoma patients
compared with referents13 – 15. These observations fuelled
a strong debate about the possible aetiological role of
unsaturated fats16,17 and have also prompted a few
epidemiological investigations. The first studies yielded no
evidence of association between PUFA intake and
melanoma risk18 – 21 or even an inverse relationship22.
However, a subsequent prospective investigation by
Veierod et al. from Norway yielded strong evidence of a
direct association between PUFA intake and subsequent
melanoma occurrence23, although such a relationship was
detected in females only, consistent with our results. A
recent large case–control study from the USA also found a
direct relationship between energy-adjusted linoleic acid
intake and melanoma risk4, but that investigation differed
from the present one in being hospital-based and using a
so-called ‘brief’ food-frequency questionnaire, based on
60 items24.
The different results obtained in the epidemiological
studies published so far may be ascribed to methodological reasons, such as methodological limitations of some of
the food-frequency questionnaires adopted, or to actual

differences in the role of dietary risk factors across
different populations. In the present study, we used a
validated semi-quantitative food-frequency questionnaire
specifically developed for a northern Italy population,
designed to analyse consumption of a very large number
of foods and important details such as cooking methods
and type of fat used as condiment before and after
cooking.
In this investigation, the intake of linoleic acid (and, in
part, of soluble carbohydrates) was associated with
melanoma risk in the multivariate analysis, i.e. when
adjusting for energy and/or for the other dietary factor, but
not in the bivariate one. This seems to suggest that relative
excess or deficiency of these dietary variables is of
considerable importance, more than their absolute
intakes, in enhancing melanoma risk.
There is suggestive biological and some epidemiological evidence indicating that PUFA and more specifically
linoleic acid may increase cancer occurrence at some sites,
such as the breast, colon and prostate25 – 29, thus yielding
concern about potential adverse effects of ‘high’ linoleic
acid intake30,31. Animal studies have also indicated that
unsaturated lipids enhance ultraviolet-induced carcinogenesis32 – 34, adding biological plausibility to a possible
relationship between PUFA intake and melanoma aetiology. A recent laboratory study in epidermal reconstructs
suggests that, following ultraviolet irradiation, omega-6
PUFA such as linoleic acid and arachidonic acid increase
oxidative damage in melanocytes without inducing
apoptosis, thus possibly increasing melanoma risk35.
An unanticipated finding of the present study was the
indication that a higher intake of soluble carbohydrates
may decrease melanoma risk. This possible effect emerged
independently from adjustment for overall energy intake,
and it appeared to occur in both males and females,
although the statistical association was considerably
stronger in females. As far as we know, there are no
prior studies which have analysed in detail the association
between intake of specific carbohydrates and melanoma
risk, thus hampering the evaluation of our results. In a
recent hospital-based case – referent study, however,
energy-adjusted intake of total carbohydrates correlated
inversely with melanoma risk4. In our study population,
intake of soluble carbohydrates is expected to be due

Table 5 Correlation between age and selected dietary factors in population referents and in patients with cutaneous melanoma, Modena Province, northern Italy.
Data expressed as Spearman correlation coefficient (P-value)
Age

Total polyunsaturated fatty acids (g day21)
Linoleic acid (g day21)
Soluble carbohydrates (g day21)
Total energy intake (kcal day21)

Referents
(n ¼ 59)

Patients
(n ¼ 59)

20.299 (0.022)
20.253 (0.053)
20.233 (0.076)
20.292 (0.025)

20.023 (0.866)
0.010 (0.938)
20.254 (0.053)
20.144 (0.275)

Diet and melanoma risk

mainly to the consumption of fruit, milk, sugar and sweets,
suggesting the opportunity to further investigate a
potential beneficial effect of fruit and milk intake, in
particular. Recall bias does not appear to explain this
association, as is also true for linoleic acid, since there is no
awareness in the general population of a potential
relationship of these (and other) dietary factors with
melanoma risk.
The associations of linoleic acid and soluble carbohydrates with disease risk we detected were statistically
more stable among females than in males. This might be
due to a gender-specific effect of dietary factors in
influencing melanoma risk, to an effect of unmeasured
confounders or, we speculate, to a more accurate
compilation of the questionnaire by the female group,
with consequent beneficial effects on exposure classification and statistical precision of the point estimates.
Our results do not support sparse observations from
epidemiology suggesting a relationship between melanoma and a higher intake of alcohol4,18,20,22 and vitamin
C36 or with a lower intake of vitamins A5, D4 and E21,22,
zinc21,22, retinol36, b-carotene4,22 and iron20,22. However,
the epidemiology literature about these associations has
generally been inconsistent, such as in the case of alcohol
consumption, which has also been inversely related to
melanoma risk19,37, and most studies have been unable to
identify associations between the above-mentioned
dietary factors and melanoma risk3.
Two important limitations of the present study must be
outlined. First, the point estimates we calculated have
reduced statistical precision, mainly due to the small study
size: such instability of the risk estimates suggests caution
in evaluating the findings of the present investigation,
which need to be confirmed in larger populations.
Furthermore, we cannot entirely rule out that the
associations we detected might only be simple correlates
of other true aetiological factors, such as dietary
constituents that could not be analysed in the present
study. However, we consider this hypothesis unlikely, due
to the completeness of the food-frequency questionnaire
and its consequent suitability to report extensively on the
usual intake of dietary factors.
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