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Abstract

Cancer burden can be reduced by controlling modifiable risk factors, including diet. We
provided an evidence-based assessment of cancer cases and deaths attributable to diet
in Italy in 2020. We considered dietary factor-cancer type pairs for which the World
Cancer Research Fund/American Institute for Cancer Research - Continuous Update
Project reported either ‘convincing’ or ‘probable’ evidence of causal association. Rela-
tive risks were retrieved from recent meta-analyses and dietary intakes (around 2005)
from a national food consumption survey. Sex-specific population attributable fractions
(PAFs) were computed by comparing the distribution of dietary intakes in the Italian
population against counterfactual scenarios based on dietary recommendations. Using
data from national cancer and mortality registries in 2020, we estimated the number of
attributable cancer cases and deaths, assuming ~15-year lag period. Unhealthy diet
accounted for 6.3% (95% Cl: 2.5%-9.9%) of all cancer cases in men and 4.5% (95% Cl:
1.7%-7.4%) in women. PAFs of colorectal cancer were 10.5% and 7.0% for any intake
of processed meat, 3.3% and 2.0% for high red meat, 4.8% and 4.3% for low dairy prod-
ucts, and 7.9% and 9.0% for low fiber intakes in men and women, respectively. PAFs
for low intake of non-starchy vegetables and fruit ranged from 0.8% to 16.5% in men
and 0.6%-17.8% in women for cancers of the aerodigestive tract. The estimated cancer
burden associated with unfavorable dietary habits in Italy is considerable, but appears

lower than for other high-income countries, reflecting the typically Mediterranean diet.
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What's New?

The Italian diet is primarily Mediterranean, being based on plant foods and on relatively low
intake of red and processed meat. The impact of this diet on cancer burden, however, remains
uncertain. Here, the authors examined cancer cases and deaths linked to diet in the Italian
population. Analyses indicate that 6.3 percent of cancers in men and 4.5 percent in women
can be attributed to unhealthy diet. Risk was highest for colorectal cancer. Relative to other
high-income countries, Italy has a lower estimated cancer burden attributable to unhealthy diet.

The findings may inform interventions to reduce diet-related cancer burden.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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1 | INTRODUCTION

Lifestyle and environmental factors play a major role on cancer risk,
offering important avenues for prevention.®™% In particular, a large
body of epidemiological evidence indicates poor diet as an amenable
risk factor for cancer.* Several studies reported a direct relationship
between high processed and red meat intakes and digestive tract
cancers, especially colorectal cancer.>® An inverse association was
reported for dairy products and colorectal cancer as well.&° Multiple
studies found reduced risks of cancers mainly of the upper aerodiges-
tive tract for diets rich in vegetables and fruit, and their related com-
pounds (e.g., fibers and antioxidants).>1°

The population attributable fraction (PAF) is an epidemiological
measure which quantifies the proportion of cases that would have
not occurred in the absence of the exposure. It depends on both
the strength of the association between the exposure and the dis-
ease and the prevalence of the exposure.'’ PAF estimates of can-
cer due to diet have been calculated for various countries,
including France,? Switzerland,*®> Denmark,* UK,°"1® Brazil,1?
China,20-23 Japan,z‘"25 Korea,?® the US,>”?® Canada,?’~%! and
Australia.3?3% A systematic contemporary assessment for Italy is,
however, lacking. Quantifying the contribution of unhealthy die-
tary habits to the cancer burden at the country level is crucial to
guide public health recommendations aiming at improving diet and,
in turn, population's health.

The aim of our study is to conduct an evidence-based evaluation
of the PAF of cancer due to a poor diet in the Italian population. The
Italian diet, which is typically Mediterranean, based on plant foods
and characterized by relatively low amounts of red and processed

meat, makes this assessment of particular interest.

2 | METHODS

Within the framework of a global analysis of the cancer burden attribut-

34-38 \ve estimated here PAFs due

able to modifiable risk factors in Italy,
to unhealthy dietary habits. We selected dietary factors and the corre-
sponding related cancer sites (Table 1) for which the World Cancer
Research Fund/American Institute for Cancer Research - Continuous
Update Project (WCRF/AICR-CUP) reported ‘convincing’ (i.e., processed
meat for colorectal cancer)® or ‘probable’ evidence (i.e., red meat, dairy
products, and fiber for colorectal cancer; citrus fruit for cardia stomach
cancer; coffee for liver and endometrial cancers)>®1°3? for a causal asso-
ciation. We did not consider aflatoxin, arsenic in water, and high-dose
beta carotene supplements among factors with a ‘convincing’ asso-
ciation, and salt-preserved foods, cantonese-style salted fish, mate,
fast foods, and calcium supplements among those with a ‘probable’
association because these dietary factors are not relevant exposures
in our population, or we could not identify reliable estimates of
intake. In addition, we did not consider wholegrains for colorectal

TABLE 1 Relative risk (RR) and corresponding 95% confidence interval (Cl) used for each dietary factor-cancer type pair.

Dietary factor
‘Convincing’ association®
Processed meat
‘Probable’ association®
Red meat
Dairy products
Fiber

Non-starchy vegetables

Fruit

Citrus fruit
Coffee

Abbreviations: AC, adenocarcinoma; SCC, squamous cell carcinoma.

Cancer type

Colon and rectum

Colon and rectum
Colon and rectum
Colon and rectum
Mouth, pharynx, and larynx
Nasopharynx
Esophagus, AC
Esophagus, SCC
Colon and rectum
Lung

Esophagus, SCC
Stomach

Lung

Stomach, cardia
Liver

Endometrium

RR (95% Cl), increase in amount
1.16 (1.10-1.28), 50 g/day

1.12 (1.00-1.25), 100 g/day
0.87 (0.83-0.90), 400 g/day
0.93 (0.87-1.00), 10 g/day
0.96 (0.92-1.01), 25 g/day
0.74 (0.60-0.92), 100 g/day
0.89 (0.80-0.99), 100 g/day
0.91 (0.81-1.03), 100 g/day
0.98 (0.96-0.99), 100 g/day
0.94 (0.89-0.98), 100 g/day
0.84 (0.75-0.94), 100 g/day
0.98 (0.94-1.02), 100 g/day
0.92 (0.89-0.95), 100 g/day
( )
( )
( )

0.87 (0.76-0.99), any versus no intake
0.66 (0.55-0.78), any versus no intake
0.87 (0.79-0.95), any versus no intake

References

Viera et al.*°

Viera et al.*°

Viera et al.*°

WCRF/AIRC CUP, colorectal cancer®

Maasland et al.*®

Unpublished data

Vingeliene et al.**

Vingeliene et al.**

Viera et al.*°

Viera et al.*?

Vingeliene et al.**

WCRF/AIRC CUP, stomach cancer®
Viera et al.*?

Vingeliene et al.**

Bravi et al.*®

Crous-Bou et al.*®

?Defined according to the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR).>810:39
PWCRF/AICR evidence on non-starchy vegetables or fruit intake is restricted to former and current smokers. Data on non-starchy vegetables or fruit

intake in Italy are available for smokers and non-smokers combined. We extracted RRs of lung cancer for non-starchy vegetables and fruit intake among

smokers and non-smokers combined.
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TABLE 2 Distribution of dietary intakes by sex in Italy in 2005-2006°.

Men

JOURNAL of CANCER

Women

Prevalence of

Mean (SD) intake among

Dietary factor consumers (%) consumers (g/day)
Processed meat 87 40.7 (31.0)

Red meat 83 75.0(51.4)

Fiber 100 19.6(7.3)

Dairy products 99 178.5 (126.0)
Non-starchy vegetables ~100 232.9 (120.2)
Fruit 93 214.7 (157.8)
Citrus fruit 45

Coffee 91

Prevalence of
consumers (%)

Mean (SD) intake among
consumers (g/day)

80 29.3(22.4)
80 60.3 (37.8)
100 17.7 (6.3)
99 194.5 (117.0)
~100 213.3 (102.6)
95 228.2 (143.8)
51

88

Extracted from the Italian National Food Consumption Survey INRAN-SCAI 2005-06.46->1

cancer (‘probable’ association) since we included fiber, which
strongly correlate with the former, and no adequate data on whole-
grain intake for the Italian population were available. Likewise, no
data on glycemic load (‘probable’ association with endometrial can-
cer) were available, and therefore we did not include it in our analy-
sis. The WCRF/AICR judged as ‘probable’ the association between
non-starchy vegetables and fruit and aerodigestive tract cancers,
considering that, although the evidence for single cancer sites is ‘lim-
ited-suggestive’, the pattern of association is consistent and in the
same direction.’® We considered cancer sites as follows: mouth,
pharynx, larynx, nasopharynx, esophagus (adenocarcinoma and squa-
mous cell carcinoma), colorectum and lung for non-starchy vegeta-
bles; and esophagus (squamous cell carcinoma), stomach and lung
for fruit; since available epidemiological evidence for vegetable/
fruit-cancer associations has focused mainly on single cancer sites
and considered separately the effect of vegetables and fruit, as
reported in the WCRF/AICR-CUP.1°

21 | RRdata
The RRs for the association between the increase in amount of
intakes (expressed in g/day) and the corresponding cancer types were

840-42 and. in one

obtained from meta-analyses and pooled analyses
case, from a cohort study.*® For citrus fruit and coffee, we extracted
the RRs for any versus no intake from metanalyses.**~#® Original data
from an Italian case-control study*” were used to estimate the odds
ratio between non-starchy vegetables and nasopharyngeal cancer risk
by means of a logistic regression model adjusted for area of residence,
sex, age, education, smoking, and total energy intake. The RRs for

each pairwise association are reported in Table 1.

2.2 | Dietaryintake data

Dietary intake data were obtained from the Italian National Food
Consumption Survey INRAN-SCAI 2005-06, conducted between

2005 and 2006 on 3323 subjects belonging to 1329 households using
consecutive 3-day food records.*®>! For each dietary factor, we
extracted the proportion of non-consumers and consumers among
subjects aged 18-65 years (men = 1068 and women = 1244), and for
consumers, we extracted the mean and standard deviation of intake
(Table 2).

In consumers, we estimated the intake distribution for each die-
tary factor by means of a gamma distribution®? with shape and scale
parameters based on the observed mean and standard deviation of
intake (i.e., by the INRAN-SCAI 2005-06). The gamma distribution is a
flexible two-parameter distribution that allows to fit a variety of
shapes, including both symmetric and highly skewed ones. We used
the method of moments to estimate gamma parameters, assuming
means and standard deviations from the INRAN-SCAI 2005-06
as population means and standard deviations of dietary intakes.
The overall distribution of dietary intake for men and women sepa-
rately was obtained by combining the prevalence of non-consumers
with the gamma-derived intervals of intakes among consumers. In par-
ticular, we considered 11 exposure categories, i.e., no intake category
and 10 categories of intake with the same frequency of consumers
according to the estimated gamma quantiles (Figures S1 and S2).

2.3 | Recommended intake

PAFs were calculated against counterfactual scenarios based on
recommended dietary intakes by the WCRF/AICR or other Institu-
tions (Table 3).>373> Specifically, the WCRF/AICR recommends con-
suming very little, if any, processed meat; no more than about three
portions/week of red meat (i.e.,, <~350-500 g/week); and at least
30 g/day of fibre.>® Thus, our counterfactual scenarios were as fol-
lows: O g/day of processed meat, <50 g/day of red meat (lower cut-
off of the recommended intake), and 230 g/day of fiber. The WCRF/
AICR, the Food and Agriculture Organization of the United Nations
(FAO) and the World Health Organization (WHO) recommend the
intake of at least five servings/day of fruit and vegetables (i.e., 2400

g/day; one serving ~80 g).°°">°> We set counterfactual scenarios
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separately for non-starchy vegetables and fruit of, respectively,
2240 g/day and 2160 g/day based on most country-specific guide-
lines suggesting at least three servings/day should come from vegeta-
bles.>® No WCRF/AICR recommendation exists for dairy products; we
set the corresponding counterfactual scenario as 2300 g/day since
more than half of European dietary guidelines recommend 2-4 serv-
ings of dairy products per day (i.e., ~300-450 g/day).>” No recom-
mendation is provided for citrus fruit and coffee, and we considered

any intake as counterfactual scenario.

24 | Population attributable fractions

For each pair of dietary factor and cancer type, sex-specific PAFs were
estimated by comparing the distributions of dietary intakes in the Italian
population against the corresponding counterfactual distributions
(recommended intakes) using the same methodology as described in
Parkin and Boyd 2011.%¢ Specifically, PAFs were calculated by:

KL (ERR-Pry)
PAF = —="=—
1+ 1(ERRg-Pry)

where Pry is the proportion of subjects in the k-th intake category,
and ERRy is the excess RR in the k-th intake category expressed by:

ERRy = { exp[In(RRyg) - Dev ] — 1}

where In(RRyg) is the natural logarithm of the RR for an increment of
1 g/day in dietary factor intake and Dev is the deviation (excess or
deficit) from the counterfactual scenario in the k-th intake category.
We defined Dev, as the difference between the midpoint of each
intake category and the recommended intake. For protective dietary
factors, we used the reciprocal of the RR and therefore the
In(1/RR1g) represents the increase in risk (log-scale) for a deficit of
1 g/day in dietary factor intake.

According to the counterfactual distribution considered for citrus
fruit and coffee consumption, the above formulation of PAF collapses
to the Levin's formula®® for a dichotomous exposure:

(RR—1)-Pr

PAF:1+KRR_1qu

where RR is the relative risk for consumption versus no consumption
and Pr is the proportion of consumers.

To compute the 95% confidence intervals (Cls) for PAFs, we
performed 10,000 Monte Carlo simulations®® considering both the
variability of RRs and dietary factors. In particular, we simulated
asymptotic distributions for RRs and each dietary factors considering
a normal distribution for the logarithm of the RR; a normal distribution
for the mean intake of continuous dietary factors (in order to generate
gamma distributions with simulated means and the observed standard
deviation); and the normal approximation of the binomial distribution

for the proportion of consumers for dichotomous dietary factors. For

JOURNAL of CANCER

each simulation, we calculated PAFs and used the 2.5th and 97.5th
quantiles of the PAF distribution as the approximate 95% Cl. When

the lower bound of 95% Cl was negative, we set it to zero.

2.5 | Cancer data and attributable cancers
Attributable cancer cases and deaths were estimated by multiplying
sex- and cancer-specific PAFs by the number of incident cases and
deaths occurred in Italy in 2020, respectively (ICD-10 codes are
reported in Table S1). The estimated number of cancer diagnoses in
2020 (projected data on diagnoses registered until 2016) was
extracted from the Italian Association of Cancer Registries®®; the
number of cancer deaths that occurred in 2020 was extracted from
the national vital statistics on causes of death.°® From these sources,
data on cancer cases and deaths were not available for some cancer
subtypes and, therefore, these were estimated as follows®*: cardia
gastric cancers (cases and deaths) were estimated as 33% of all gastric
cancers; adenocarcinomas and squamous cell carcinomas of the
esophagus (cases and deaths) as, respectively, 33% and 67% of all
esophageal cancers; and nasopharyngeal cancers (cases and deaths) as
8.7% of oral and pharyngeal cancers.

Using dietary data in 2005-2006 and cancer data in 2020 we
accounted for a ~15-year lag period between dietary exposure and
cancer diagnosis/death. The 95% Cls for attributable cases and deaths
were calculated by using the 95% Cl limits of PAFs. All analyses were
conducted using R version 4.3.1 (R Core Team, 2023).

3 | RESULTS

Table 3 reports sex-specific PAFs and attributable cases with the cor-
responding 95% Cls. Overall, the dietary factors considered in this
study were responsible for 12,179 (95% Cl: 4887-19,288) incident
cancer cases among men in 2020 in Italy, corresponding to a PAF of
all cancers of 6.3% (95% Cl: 2.5%-9.9%). The fraction of colorectal
cancers attributable to processed meat intake (the only ‘convincing’
association reported by the WCRF/AICR) was 10.5% (95% Cl: 5.0%-
16.3%) with a burden of cases of 2459 (95% Cl: 1171-3817). Among
the ‘probable’ associations suggested by WCRF/AICR, the fraction of
colorectal cancer cases attributable to high intake of red meat and low
intake of dairy products were 3.3% (95% Cl: 0.1%-7.0%) and 4.8%
(95% ClI: 3.6%-5.9%), respectively. Low fiber intake accounted for
7.9% (95% Cl: 0.4%-14.5%) of colorectal cancer cases. PAFs for low
non-starchy vegetable consumption ranged from 1.1% (95% CI:
0.3%-1.8%) for colorectal cancer to 16.5% (95% Cl: 5.2%-26.8%) for
nasopharyngeal cancer. Low fruit intake was responsible for 7.3%
(95% ClI: 2.8%-11.4%) of squamous cell carcinomas of the esophagus,
3.4% (95% Cl: 2.3%-4.5%) of lung cancers, and 0.8% (95% Cl: 0.0%-
2.3%) of gastric cancers. No consumption of citrus fruit resulted in a
fraction of cardia gastric cancers of 6.3% (95% Cl: 0.4%-13.0%), and
no coffee consumption in a fraction of liver cancers of 31.9% (95% Cl:
19.7%-42.8%).
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Among women, a poor diet accounted for 8262 (95% ClI:
3008-13,415) diagnoses of all cancers in 2020 in Italy correspond-
ing to a PAF of 4.5% (95% Cl: 1.7%-7.4%). The share of colorectal
cancers attributable to processed meat was 7.0% (95% ClI:
3.4%-11.0%); in absolute numbers, it translated into 1420 (95% Cl:
690-2231) cases. Regarding the ‘probable’ associations, PAFs for
colorectal cancer due to high red meat and low dairy product
intakes were 2.0% (95% Cl: 0.1%-4.2%) and 4.3% (95% Cl: 3.2%-
5.3%), respectively. The fraction of colorectal cancer cases attrib-
utable to low fiber intake was 9.0% (95% Cl: 0.5%-16.8%). PAFs
for low intake of non-starchy vegetables ranged from 1.2%
(95% Cl: 0.3%-2.0%) for colorectal cancer to 17.8% (95% CI:
5.7%-29.0%) for nasopharyngeal cancer. Low fruit consumption
was responsible for 5.6% (95% Cl: 2.1%-8.8%) of squamous cell
carcinomas of the esophagus, 2.6% (95% Cl: 1.7%-3.4%) of lung
cancer cases, and 0.6% (95% Cl: 0.0%-1.8%) of gastric cancer
cases. The share of cardia stomach cancer cases due to no con-
sumption of citrus fruit was 7.1% (95% Cl: 0.4%-14.5%). The lack
of coffee consumption accounted for 31.2% (95% Cl: 19.2%-
42.0%) and 11.6% (95% Cl: 4.1%-19.0%) of liver and endometrial
cancer cases, respectively.

Attributable cancer deaths are reported in Table S2. A poor diet
was associated with over 10,000 cancer deaths, i.e., 6674 (95% Cl:
2815-10,412) in men and 4074 (95% Cl: 1573-6509) in women.

4 | DISCUSSION

The present study provides a comprehensive assessment of the frac-
tion and number of cancer cases and deaths attributable to diet in the
Italian population. The dietary factors considered in our analysis were
responsible for 6.3% and 4.5% of all cancer cases in ltaly in 2020
among men and women, respectively. For cancer-specific PAFs, no
major differences were observed according to sex, reflecting similar
dietary intakes in men and women. Specifically, PAFs of colorectal
cancer due to processed meat intake were 10.5% for men and 7.0%
for women. Among other dietary factors considered, PAFs of colorec-
tal cancer were 3.3% (men) and 2.0% (women) for high red meat
intake; 4.8% (men) and 4.3% (women) for low intake of dairy products;
and 7.9% (men) and 9.0% (women) for low fiber intake. The fractions
of cases due to low non-starchy vegetables and fruit intake ranged
from less than 1% for colorectal cancer to approximately 17% for
nasopharyngeal cancer in both sexes.

Italian dietary habits at least in part reflect the Mediterranean
diet, characterized by a low intake of processed and red meat; a mod-
erate intake of dairy products (mostly cheese and yogurt), poultry and
fish; high intake of vegetables, fresh fruits, legumes, bread and other
cereals (generally minimally refined), potatoes, and nuts; and a high
intake of olive oil (especially virgin and extra-virgin) used as the main
source of fats.®? The Mediterranean diet has been extensively associ-
ated with a portfolio of health benefits including a reduced risk of
developing several cancer types, as well as a lower cancer-specific

and overall mortality.®®~¢° Consistent with Italian dietary habits, PAFs

for cancer due to dietary factors in this population are expected to
be lower than those among populations with less healthy dietary
patterns. However, PAF depends not only on the population's die-
tary habits but also on the choice of the RRs and counterfactual
scenarios, making results across studies not directly comparable. In
addition, different tools used to estimate population dietary
intakes (e.g., 24-h dietary recall, food frequency questionnaires,
and food records) may further hamper the comparison of results
across studies.

Nearly all previous studies!?141819:23.25.27.29,31,66

assessing the
PAF of colorectal cancer for processed meat intake used an analytical
approach similar to the one used in this study, including similar RRs
(from 1.11 to 1.24 for an intake of 50 g/day) and counterfactual sce-
narios (i.e., O g/day for the majority of the studies). Therefore, the
higher PAFs observed in France (12.7% for men and 8.8% for
women),'? Switzerland (13.8% for men and 8.1% for women),*® UK
(16.1% for men and 8.6% for women),'® and Denmark (15.8% for men
and 8.0% for women)'* largely reflect higher processed meat intakes
in these populations (mean intakes ranged from 43.9 to 74.0 g/day
for men and from 29.5 to 37.0 g/day for women) than the Italian one
(40.7 g/day and 29.3 g/day for men and women, respectively). Like-
wise, the lower PAFs reported in Brazil (6.6% for men),*? Canada
(from 3.8% to 4.9% for men; from 1.6% to 3.4% for women),2*? East-
ern Mediterranean Region Countries (3.1% for men and 3.0% for
women),®® Japan (4.3% for men and 3.3% for women),?> and China
(1.0% for men and 0.9% for women)?® derived mainly from a lower
processed meat consumption in these Countries, with mean intakes
of <19.5 g/day for men and <10.5 g/day for women.

Compared to our study, similar fractions of colorectal cancer
cases attributable to red meat were observed for populations in East-
ern Mediterranean Region (2.2% for men and 2.1% for women),%®
likely explained by comparable dietary intakes in these countries
(mean intake of 55.9 g/day for men and women combined) and lItaly.
Studies conducted in the US (6.6% for men and 3.9% for women),?’
Canada (5.8% for men and 4.6% for women),%! France (5.8% for men
and 3.3% for women),*? and Switzerland (5.2% for men)'® reported
higher PAFs for red meat intake than our estimates. Different coun-
terfactual scenarios, RRs, and intake levels all likely contributed to
such differences. Regarding dairy products, the higher consumption in
France resulted in lower estimates of colorectal cancer cases avoid-
able by optimal consumption (2.1% for men and 2.7% for women)*?
compared to those in Italy.

As for fiber intake, previous investigations relied on intake
levels (mean intake ~18-24 g/day for men and ~15-20 g/day for
women) and counterfactuals (230 g/day in the majority of the stud-
ies) similar to those used here. Thus, the large variability in PAFs
(from 5.7% in France'? to 24.6% in UK'® for men and from 7.1% in
Japan®’ to 31.0% in UK'® for women) was mainly due to the differ-
ent RR estimates used. Similarly, PAFs for inadequate fruit and veg-
etable consumption were heterogeneous across populations. For
most cancer types included in the present analysis (i.e., mouth,
pharynx, and larynx; nasopharynx; squamous cell carcinoma of the

esophagus; colon and rectum; lung; and stomach), our PAFs were
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lower than those of other studies.!?1317:20-23.27.30.32,66,68 Tpjg

may be largely ascribable to the higher intake of fruit and vegeta-
bles in Italy; still, the choice of RRs and counterfactual scenarios
may have played a role.

Few studies!>¢%7°

quantified the burden of liver and endometrial
cancer cases due to coffee consumption. For both cancer types, our
PAFs were higher than those reported in the US,%%7° due to the differ-
ent prevalence of coffee consumers and RRs used. A Swiss study'®
showed PAF estimates of liver and endometrial cancers similar to those
presented here, reflecting a similar pattern of coffee consumption.

Primary prevention by controlling modifiable risk factors is the
best option to reduce cancer burden. Although strategies for reducing
smoking, alcohol, overweight, and cancer-related infections remain
the cornerstone of cancer prevention, according to our findings the
adoption of healthy dietary habits would result in a considerable frac-
tion of avoidable cancer cases in ltaly (6.3% in men and 4.5% in
women). We considered dietary factors and corresponding cancer
types according to the updated guidelines of the WCRF/AICR. Other
studies, however, considered different sets of dietary factor-cancer
type pairs suggesting major uncertainties about the causal relationship
between diet and cancer risk.

Among study's strengths, we used nationally representative
data for dietary intakes, large meta-analyses and pooled analyses
for RRs, and common methodologies for estimating PAFs and cor-
responding 95% Cls. We also accounted for a plausible latency
period (i.e., ~15-year) between dietary intakes (i.e., around 2005)
and cancer diagnosis (i.e., 2020), and provided a measure of vari-
ability of our PAF estimates.

In the national survey used as data source, dietary intakes were
self-recorded potentially leading to inaccurate measurement of food
consumption. In addition, our estimated intakes deriving from a prob-
ability distribution may not be accurate for all dietary factors consid-
ered. However, the gamma distribution was used in several previous
studies and in similar contexts.?®”%72 Furthermore, our PAF estimates
are consistent with those from other studies which do not use a prob-
ability distribution for dietary intakes. In addition, it has been argued
that in case of confounding in the relationship between risk
factor and disease, the Levin's formula is asymptotically biased and
Miettinen's formula is more accurate.”® Nevertheless, Miettinen's for-
mula requires prevalence data among cases that were not available.
As in most prior studies on PAF, we applied the Levin's formula
plugging-in adjusted RRs. However, residual confounding by lifestyle,
if any, would have led to overestimation of PAFs. Most RR estimates
were derived from studies on cancer incidence. Despite this, we used
the same RRs for incidence and mortality, thus assuming no effect of
diet on cancer survival, possibly introducing bias in estimated attribut-
able deaths. In addition, cancer mortality in 2020 may be affected by
COVID-19 pandemic; however, no relevant temporal difference
emerged comparing national cancer mortality data in the years around
2020.°%7# This issue is not relevant for incidence data, since we
extracted cancer cases estimated to have occurred in 2020 based on
available registered cancer data until 2016. Our estimates provide

fractions of cancer cases/deaths attributable to dietary factors acting

JOURNAL of CANCER

in isolation, without considering potential interactions among dietary
factors. We could not consider interactions in our calculation, as no
national information on the combined intakes of multiple dietary fac-
tors was available. Likewise, we could not account for the possible
role of the substitution effect, for instance, of increasing vegetables
and fruit at the expense of red meat intake. Recently, an approach
based on pathway-specific PAFs has been proposed’” to address this
issue, but it requires individual-level data. Furthermore, we could not
compute age-specific PAFs because of missing data on dietary intake
in strata of age. Lastly, the ‘overall’ estimates may be overestimated
since they resulted from summing up the contributions of the individ-
ual dietary factors, ignoring their possible overlapping effects on the
same cancer site. Alternatively, the overall impact of diet on cancer
burden could be greater than estimated since other dietary aspects
(e.g., salted-preserved foods, fast foods, and foods with high glycemic

index) may influence the risk of selected cancers as well.

5 | CONCLUSIONS

This analysis offers robust data to inform interventions aimed at
reducing the burden of cancer related to dietary factors in Italy. We
found that unfavorable dietary habits cause a considerable proportion
of cancers in the country. Despite challenges in comparisons across
studies, PAFs due to poor diet in Italy appear lower than for other
high-income countries, likely reflecting the healthier (Mediterranean)

dietary pattern of the Italian population.
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