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Abstract

Aim This observational ecological study aims to compare
Ireland’s age-specific cancer incidence rates (ASRs) with equiv-
alent European and global data and to highlight possible dietary,
nutritional and lifestyle contributors to cancer in Ireland.
Subjects and methods Using the International Agency for
Research on Cancer’s (IARC) GLOBOCAN database, Irish
ASRs for all-site cancer and for “lifestyle-related” cancers
such as those of the colo-rectum, oesophagus, breast, lung
and prostate were compared with European and global inci-
dence data. Irish dietary and nutrient intake data were
reviewed and evaluated in the context of these cancer inci-
dence data and in relation to the established dietary, nutrition-
al, lifestyle and anthropometric predictors of increased cancer
risk previously articulated in the literature.

Results Incidence rates of colorectal, oesophageal, breast, lung,
prostate and all-site cancer are higher in Ireland than in most
other countries. National nutrition surveys in Ireland indicate that
dietary, nutritional, lifestyle and anthropometric risk factors for
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cancer occur with high frequency in the Irish population. For
example, low fruit and vegetable consumption, high red and
processed meat intake, low fish intake, low dairy consumption,
high saturated fat intake, low folate and vitamin D intakes, and
excessive alcohol consumption are all common amongst Irish
adults.

Conclusions Our data suggest that unfavourable diet and nu-
trient intakes prevail in Ireland and that these may contribute
to Ireland’s excess cancer burden. These risk factors should be
targeted by interventions seeking to sustainably redress
Ireland’s high cancer incidence. Such initiatives may provide
a template for intervention in other high-risk countries.

Keywords Cancer - Diet - Nutrients - Obesity - Ireland

Background
Incidence

Statistics from the International Agency for Research on
Cancer’s (IARC) 2008 GLOBOCAN database revealed
Ireland’s age-specific incidence rate (ASR) for all-site cancer to
be amongst the highest in the world (GLOBOCAN 2008). In
2008, 356 per 100,000 of the Irish male population were diag-
nosed with cancer, third only behind France and Australia.
Among females, 285 per 100,000 of the population were diag-
nosed with cancer that year, placing Irish women third highest in
the world after Denmark and New Zealand. When both sexes
were considered together, Ireland ranked a close second highest
in the world behind Denmark in 2008, with 317 cancer diagnoses
per 100,000 of the population. To put these data into context, the
average yearly age-specific cancer incidence globally at that time
was 182 per 100,000, 204 per 100,000 for men and 165 per
100,000 for women. These data indicate that overall, cancer

@ Springer
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incidence rates were 75 % higher amongst Irish men and 73 % = ::‘
higher amongst Irish women than the average global figures in T:S é s < o < < o
. . — = O 0 — > n — O

2008, with colo-rectal, breast, lung, prostate, oesophageal, liver
and pancreatic cancers particularly prevalent (Ferlay et al. 2010). 5w §

Follow-up analysis of the 2012 GLOBOCAN database in- g zx
corporating data from 184 nations (GLOBOCAN 2012) sug- EEf| v wovaald a
gests that while some progress has been made in terms of . =
Ireland’s absolute ASR, cancer incidence remains higher than ERZ Slw=m« - e «
that experienced in most other countries. In 2012, the all-site SR R TR o
cancer ASR for Irish men was 343 per 100,000 placing them w2
11th highest in the world, while for Irish women, the equivalent S % § 23 < <o ©
figure was 279 per 100,000 placing them 6th highest in the Ho=la®a=—aw o
world. The all-site cancer ASR for the overall population was 8|l 5.8
308 per 100,000, placing Ireland sixth highest globally. It is % % % § RN BN =
noteworthy that for many “lifestyle-related” cancers [i.e. those El=o= o aac—w -
related to diet, physical inactivity, smoking, alcohol consump- o 02
tion and anthropometric status (McKenzie et al. 2016)], such as g é %
those of the colo-rectum, breast, prostate, oesophagus and lung; EEw| = =% a & o
Ireland continues to fare particularly poorly (Ferlay et al. 2013). &
For example, based on the GLOBOCAN 2012 data, Ireland & E éﬂ =
ranked 14th highest in the world for colo-rectal cancer (13th S E8¢ | S e S «~
highest for men, 14th highest for women), 8th highest for breast z s
cancer and 9th highest for prostate cancer, as well as having the g !g g §, - © o ©
third highest incidence of oesophageal cancer among the 28 EU- 2 2SS |8 33 TR
member states (3rd highest for men, 2nd highest for women). 5 s

Overall, the 2012 GLOBOCAN data indicate that the top Q & g § _ " — <«
five lifestyle-related cancers (oesophageal, colo-rectal, lung, g n<S| & R A S
breast and prostate) account for approximately half of the all- s =
site cancer ASR across the EU-28, reaffirming their previously § 8 E % § - - 9
identified role as key drivers of overall cancer burden (Arnold El Sl2zs|s 983 T2
et al. 2016). For Ireland, the GLOBOCAN data show that the & .
cumulative contribution of these five cancers to all-site cancer 2 E £ E
ASR is even greater however, exceeding that observed globally, 2 E g | o T34 Q
across the EU-28, and even for countries with notably high all- el 00
site cancer incidences such as France and Denmark. This sug- s = S
gests that Ireland’s sixth place global ranking for all-site cancer 5 EE g L; - o = o o
is reflective of its relatively high incidence of all of these major 4 _
cancers combined, and to the significant degree to which § = » §
Ireland’s individual ASRs for some of these common cancers 3 § g S| & E 5 a2 g
(particularly prostate cancer) exceed those observed elsewhere. = N
Comparative ASR data for selected lifestyle-related cancers are B Bl vz é
shown for Ireland, the 28 EU-member states and the world in E :E_ a g § § ; § s 2
Table 1; while Table 2 provides data describing the proportion T; 3 =
of all-site cancer ASR attributable to the five major lifestyle- E E % =8 o -
related cancers in Ireland and other high incidence territories ;3 g B Eé) g|8 T =5 N
(France, Denmark and the UK). 2 T

In comparison to average global figures, the most recent Irish 2 -”8) Q .
data from GLOBOCAN 2012 indicate all-site cancer incidence g A D o e —
rates which are now 67 % higher amongst Irish men and 69 % gl S c8oc38o0d8038C
higher amongst Irish women than their respective global aver- S ° g 2
ages. Even in comparison to the 50 countries and regions with - § @ ?3 E’D 2 o
the highest overall cancer incidence monitored by GLOBOCAN, 2| ¢ E % E w5 g § ‘% %
these analyses put Irish all-site cancer incidence 6.5 % higher in SRS S@a8558&£5
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Table 2 Proportion of all-site cancer ASR attributable to the five major lifestyle-related cancers in Ireland and other high incidence territories

Sex—adjusted
EU-28 ASR*

Sex-adjusted EU-28

UK
UK ASR*

Sex-adjusted

Sex-adjusted Denmark

France ASR*

France
ASR

Sex-adjusted
Ireland ASR*

Ireland

ASR

Sex-adjusted

World
ASR

Cancer site

ASR

ASR

Denmark ASR*

ASR

World ASR*

271

271

272.9

272.9
95

307.9 307.9 303.5 303.5 338.1 338.1

182

182
43.1

All site

40.2

80.3

47.5

105 52.5

44.9
30
35
3.8
49

89.7
30
35
3.8
98

46.2

92.3

21.6

Breast

313

313

30.2
30
6.5

30.2
30

40.5

40.5

349

34.9

17.2

17.2

Colo-rectum

30.5
34

30.5
34

39.2

39.2
39

313

313

23.1
5.9

23.1
5.9

Lung

6.5

3.9
45.7
181.8

5.7

57.1
175.2

5.7
114.2
278.4

Oesophagus
Prostate

352

70.4

36.6

73.2

91.3

15.3

30.6

140.6
51.9

215.9
79.7

150.8
55.3

234.9
86.1

279.9
82.8

162.7
53.6

256.5
84.5

119.9 83.1

65.9

Lifestyle-related ASR
% Lifestyle related

53.8

56.9

90.4

45.7

*For sex-adjusted ASRs, the gender-specific ASRs for breast and prostate cancer from GLOBOCAN (2012) have been halved as a crude estimate of their contribution to cumulative lifestyle-related cancer

risk across both genders

men and 10.2 % higher in women than the respective average
figures for these high incidence territories.

In relation to other European countries, Ireland also compares
unfavourably. For example, in 2012 the all-site cancer ASRs for
the EU-28 were 271 per 100,000 for the overall population, 311
per 100,000 for men and 241 per 100,000 for women. These
estimates place incidence rates amongst Irish men 10.3 % higher,
and rates amongst Irish women 15.8 % higher, than those ob-
served in other EU countries, with a preponderance of lifestyle-
related cancers contributing most of this excess cancer burden as
shown in Table 2. Furthermore, Ireland’s overall cancer burden
has been projected to rise exponentially over coming years, with
incidence rates set to climb by 72 % by 2030, a significantly
greater increase than that anticipated for any of the other 27
EU-member states (World Cancer Research Fund UK 2012).
The National Cancer Registry of Ireland (NCRI) has estimated
that excluding non-melanoma skin cancer, overall cancer inci-
dence (i.e. cancer incidence unadjusted for age) will increase by
81 % for females and by 108 % for males by 2040, based on
demographic changes alone. Should the adverse trends in inci-
dence observed between 1994 and 2010 continue however, the
expected increase in incidence by 2040 will be 48-112 % for
Irish females and 114 %—128 % for Irish males. Again, increases
in the incidence of lifestyle-related cancers such as those of the
colo-rectum (~120-130 %), oesophagus (>100 %), pancreas
(>100 %), breast (130 %), prostate (104 %) and lung (136 %)
are projected to be the most pronounced (National Cancer
Registry 2014).

Mortality

While age-specific cancer incidence has remained high in
Ireland, Irish mortality rates from most cancers have fallen sub-
stantially in recent years. For example, amongst Irish men, age-
specific mortality from all-site cancer ranked 31st highest out of
40 European countries surveyed in 2012, although age-specific
mortality for Irish women still ranked ninth highest out of these
40 countries (Ferlay et al. 2013). Recent data indicate that falling
cancer mortality in Ireland has been primarily driven by en-
hanced remedial intervention for those diagnosed with cancer,
rather than by cancer prevention however. For example, signifi-
cant improvements in Irish survival rates from cancer of the
stomach (29 %), colon (15 %), rectum (17 %), liver (88 %), lung
(36 %), breast (9 %), ovary (15 %), prostate (27 %) and child-
hood (7 %) and adult leukaemias (19 %) were achieved between
1995 and 2009 (Allemani et al. 2015).

Epidemiological predictors of cancer
Internationally, there is now substantial epidemiological evi-
dence that a poor quality diet, high alcohol intake, physical

inactivity and overweight and obesity are potent risk factors
for multiple malignancies (Vineis and Wild 2014), with an
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increasing number of candidate food and nutrient effectors
identified in recent years (Zanini et al. 2015; Song et al.
2015). In 2007, the World Cancer Research Fund/American
Institute for Cancer Research Second Expert Report on Food,
Nutrition, Physical Activity, and the Prevention of Cancer
comprehensively articulated the dietary, nutritional, lifestyle
and anthropometric factors that had been associated with can-
cer risk to that date (World Cancer Research Fund/American
Institute for Cancer Research 2007). These findings are
summarised in Table 3.

In the period since 2007, the World Cancer Research Fund
through its Continuous Update Project and others have continued
to review and augment the evidence regarding diet, physical
activity and cancer risk (also shown in Table 3). In examining
these dietary, nutritional, lifestyle and anthropometric predictors
of cancer risk, there is now strong evidence from large prospec-
tive cohort studies (Bradbury et al. 2014; Oyebode et al. 2014),
case-control studies (Turati et al. 2015) and meta-analyses (Aune
et al. 2012a; Liu and Lv 2013; Wang et al. 2015) that low fruit
and vegetable intakes are associated with increased risk of cancer
at multiple sites including the mouth, oesophagus, stomach, pan-
creas, colo-rectum, larynx, lung, kidney, breast and ovary; with
low fruit and vegetable consumption estimated to play a role in
5-12 % of preventable cancers overall (Vainio and Weiderpass
2006). Prospective studies and meta-analyses have also shown
an association between low dietary fibre intakes and increased
risk of breast (Dong et al. 2011a), colo-rectal (Murphy et al.
2012) and oesophageal (Coleman et al. 2013) malignancy, fur-
ther highlighting the importance of these high fibre foods.

In relation to proteinaceous foods, high red meat and proc-
essed red meat intakes have been consistently associated with
increased risk of colo-rectal (Chan et al. 2011; Aune et al.
2013; Ananthakrishnan et al. 2015) and oesophageal (Salehi
et al. 2013; Qu et al. 2013; Huang et al. 2013; Zhu et al. 2014)
cancer, as well as an increased risk of lung (Yang et al. 2012; Xue
etal. 2014) and breast (Guo et al. 2015) cancer. Evidence has also
emerged of increased all-site cancer incidence and mortality
among those with higher red and processed meat intakes
(Bouvard et al. 2015; Pan et al. 2012), with several mutagenic
mechanisms now suggested to explain these proposed carcino-
genic effects (Abid et al. 2014; Bouvard et al. 2015). In contrast
to the data concerning red and processed meat intakes, a number
of meta-analyses (Shen et al. 2012; Zheng et al. 2013; Jiang et al.
2016; Yu et al. 2014; Huang et al. 2015) and prospective cohort
studies (Farvid et al. 2014) have associated higher fish consump-
tion with reduced risk of several cancers, including those of the
oesophagus, liver, colo-rectum and breast, with plausible mech-
anisms for these putative protective effects also beginning to
emerge (DiNicolantonio et al. 2014). The relationship between
dairy foods and cancer risk appears more complicated however.
While recent systematic reviews and meta-analyses have gener-
ally supported an inverse relationship between milk and dairy
intake and cancers of the colo-rectum, bladder and breast

@ Springer

(Lampe 2011; Dong et al. 2011b; Aune et al. 2012b; Abid
et al. 2014), these same studies and others (Aune et al. 2014)
have identified an increased risk of prostate cancer in men with
higher milk and dairy intakes.

With regard to macronutrient intakes, high saturated fat
intake has been associated with increased colo-rectal cancer
risk (Levi et al. 2002) and increased mortality from breast
cancer (Brennan et al. 2015). Conversely, high omega-3 (n3
fish oil) intake has been inversely associated with risk of sev-
eral malignancies (Pauwels and Kairemo 2008), although bio-
marker data have not always supported this association
(Alexander et al. 2015).

In relation to individual micronutrient intakes, several case-
control (Tavani et al. 2012; Sharp et al. 2013), prospective
cohort (Bassett et al. 2013; de Batlle et al. 2014) and meta-
analysis (Lin et al. 2013; Tio et al. 2014) studies have identi-
fied a higher risk of oro-pharyngeal, oesophageal, pancreatic,
colo-rectal and breast cancer in those with low folate intakes,
especially where these deficits coincide with high alcohol
consumption (Giovannucci 2004; Nishihara et al. 2014).
Recent evidence has also failed to substantiate earlier sugges-
tions of increased gut cancer risk with folic acid supplemen-
tation (Mason 2009; Vollset et al. 2013), lending further sup-
port to the potential benefits of higher folate intake.

Notwithstanding some evidence of increased bladder cancer
risk at high calcium intakes (Brinkman et al. 2011), low calcium
intake (Peterlik et al. 2009) and especially poor vitamin D status
(Grant et al. 2007; Giovannucci 2009; Touvier et al. 2011) have
been implicated in colo-rectal, breast and other cancers. In re-
lation to vitamin D, several meta-analyses (Wei et al. 2008,
Mohr et al. 2011; Ma et al. 2011; Yin et al. 2013) and reviews
of observational, ecological and case-control studies (Holick
2013; Giovannucci 2013; Grant 2014, 2015) since 2007 have
suggested an association between higher intakes and blood
levels of vitamin D and reduced risk of colo-rectal, pancreatic,
breast and ovarian cancer.

From the lifestyle perspective, there is now convincing
evidence that high alcohol intake (more than 4 drinks per
day) increases the risk of oro-pharyngeal cancer (by 500 %),
laryngeal cancer (by 250 %), colo-rectal cancer (by 50 %),
breast cancer (by 50 %) and pancreatic cancer (by 30 %)
(Pelucchi et al. 2011). Subsequent large prospective studies
(Schiitze et al. 2011; Romieu et al. 2015), meta-analyses
(Bagnardi et al. 2015) and reviews (Scoccianti et al.
2015a) have also implicated high alcohol consumption as a
potent risk factor for cancers of the oro-pharynx, larynx,
breast, oesophagus, stomach, colo-rectum, liver, gallbladder,
pancreas, prostate and lung, as well as for all-site cancer.
One recent retrospective, observational study has estimated
that in Ireland between 2001 and 2010, 4.7 % of all cancer
incidence in men and 4.2 % of all cancer incidence in wom-
en was attributable to the over-consumption of alcohol
(Laffoy et al. 2013).
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In relation to other lifestyle behaviours, several modelling
(Lee et al. 2012; Brenner 2014), epidemiological
(Friedenreich et al. 2010) and meta-analysis (Singh et al.
2014) studies have identified physical inactivity as an inde-
pendent risk factor for oesophageal, colo-rectal, breast, ovar-
ian, endometrial, prostatic and lung cancer. There is also con-
siderable evidence from experimental (Doyle et al. 2012;
Riondino et al. 2014; Byers and Sedjo 2015), prospective
cohort (Abnet et al. 2008; Gaudet et al. 2014), modelling
(Renehan et al. 2010; Arnold et al. 2015), meta-analysis
(Ning et al. 2010; Singh et al. 2013; Ma et al. 2013) and
review (Ryan et al. 2011; Chan and Norat 2015) studies that
overweight and obesity, the anthropometric manifestations of
poor diet and physical inactivity; and the diabetes and meta-
bolic syndrome which frequently accompany them (Braun
et al. 2011), significantly increase the risk of many cancers
including those of the oesophagus, liver, pancreas, gallblad-
der, colo-rectum, kidney, breast, ovary, uterus and prostate.
Finally, in relation to infant feeding practices amongst women,
there is now convincing evidence from review (Scoccianti
et al. 2015b) and systematic review and meta-analysis studies
(Luan et al. 2013; Li et al. 2014; Zhou et al. 2015) of a dose-
related reduction in risk of breast cancer amongst women who
have breastfed.

Overall, epidemiological data from the UK (Parkin et al.
2011) suggest that 9.2 % of all cancers are attributable to poor
diet (low fruit and vegetable, high red meat, low dietary fibre
and high salt intakes). A further 5.5 % of cases are thought to
relate to overweight and obesity, with an additional 4.4 %
ascribed to the effects of alcohol overconsumption. These
findings are supported by other recent international data
(Vineis and Wild 2014; Zanini et al. 2015; Wirth et al. 2015)
emphasising the importance of diet and lifestyle in
determining overall cancer risk.

The Irish perspective

In the Irish context, the 1996 report Cancer Services in
Ireland: A National Strategy (Department of Health and
Children 1996) outlined some of the key areas in which the
Irish diet could be improved in relation to cancer risk (e.g. the
consumption of more fruit and vegetables, more dietary fibre,
less fat and less alcohol). However, this document did not
explicate how these objectives were to be achieved on a pop-
ulation basis. In 2006, A Strategy for Cancer Control in
Ireland (National Cancer Forum 2006) highlighted the need
to “raise awareness of the links between diet and cancer” and
stated the potential healthcare savings that could accrue from
developing such a preventative approach. Unfortunately how-
ever, recent research suggests that awareness of the links be-
tween cancer and poor diet, and between cancer and obesity,
remains limited among Irish adults, with just 76 % and 32 %

@ Springer

of respondents respectively citing these issues as risk factors
for the disease (Ryan et al. 2015).

Diet and lifestyle patterns in Ireland

Despite the potential of healthy diet and lifestyle to ameliorate
Ireland’s cancer burden, the National Adult Nutrition Survey
(NANS) (Walton 2011), as well as other national diet and
lifestyle surveys (Morgan et al. 2008), suggest that nutritional
risk factors for cancer abound in the Irish population. Average
milk and dairy intakes are estimated at less than two of the
recommended three servings per day (National Dairy Council
2013), while fish and omega-3 intakes are also very low (Leite
et al. 2010). Intakes of red and processed meats are high how-
ever (Cosgrove et al. 2005), while salt consumption (a known
accelerant in the generation of meat-related carcinogens such
as nitrosamines, heterocyclic aromatic amines and polycyclic-
aromatic hydrocarbons) remains elevated (Walton 2011; Lin
et al. 2015). The importance of these high red meat intakes is
further highlighted by data from Irish adults which show a
greater than three-fold higher risk of oesophageal adenocarci-
noma amongst those in the highest quartile of fresh red meat
intake versus those in the lowest quartile (O’Doherty et al.
2011).

Critically, mean fruit and vegetable intakes in Ireland are
also less than half of the 400 g per day recommended by the
World Health Organisation (Walton 2011). This is of concern
as fruit and vegetables are a primary source of antioxidants,
which may be important in the prevention of some cancers (La
Vecchia et al. 2013; Chen et al. 2016). One all-Ireland popu-
lation-based, case-control study showed that those in the low-
est overall antioxidant index category (a measure of combined
vitamin C, vitamin E, total carotenoid and selenium intake)
were almost twice as likely to develop oesophageal adenocar-
cinoma as those in the highest intake category, while those in
the lowest vitamin C intake category were over two and a half
times more likely to develop the condition than those in the
highest intake category (Murphy et al. 2010). As alluded to
previously, these prevailing low intakes of fruit and vegetables
are also pertinent in the context of dietary fibre consumption,
where just 20 % of the Irish adult population has been shown
to reach the European Food Safety Authority’s recommended
intake of 25 g/day (Walton 2011).

From a macronutrient intake perspective, 63 % of Irish
adults exceed the recommended 35 % of food energy from
total fat (Walton 2011), while saturated fat intakes in Ireland
are estimated to be roughly 30-35 % higher than recommend-
ed (O’Keeffe et al. 2013). In one Irish study, those in the
highest quartile of total fat intake had a five-fold increased
risk of developing oesophageal adenocarcinoma compared
with those in the lowest intake quartile, while those in the
highest saturated fat intake quartile were more than twice as
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likely to develop the condition as those in the lowest intake
quartile (O’Doherty et al. 2011).

With regard to individual micronutrient intakes, despite the
contribution made by voluntary food fortification, dietary vi-
tamin D intakes in Ireland remain low (Black et al. 2014,
2015). Indeed, there is now compelling evidence of endemic
vitamin D insufficiency across the Irish population (Cashman
et al. 2013), while inadequate calcium intakes are observed in
~8 % of Irish women (Hennessy et al. 2014). In relation to
folate, while roughly 4 % of the overall adult population has
intakes below the estimated average requirement, low intake
and sub-optimal folate status are even more prevalent amongst
younger women (Hopkins et al. 2015). Previous research in
Irish adults has shown that risk of oesophageal adenocarcino-
ma increases proportionately with declining folate intake
(Sharp et al. 2013), further emphasising the importance of this
micronutrient intake deficit.

In Ireland, all of these nutritional shortcomings are
superimposed on a collage of deleterious health behaviours.
Overall, one-third of male drinkers and over one-fifth
(22.8 %) of female drinkers consume alcohol at intakes exceed-
ing the low-risk weekly consumption guidelines (i.e. less than
16.8 standard drinks per week for men and 11.2 standard drinks
for women). Among younger male consumers (43.8 %) and
younger female consumers (39.0 %), intakes above these week-
ly guidelines are especially common. Binge pattern consump-
tion is also prevalent, with almost two-fifths (37.3 %) of all
respondents consuming six or more standard drinks on a single
occasion once per month and one-in-five drinkers (21.1 %)
engaged in binge drinking at least once a week. Again, monthly
binge drinking is most common among males aged 18-24
years (67.8 %), with one in four young men (27.9 %) and more
than one in five young women (22.5 %) exceeding the recom-
mended weekly intake guidelines on one single day in the week
prior to the reference survey (Long and Mongan 2014).

It has been estimated that in Ireland between 2001 and
2010, 4585 diagnoses (4.7 %) of invasive cancer in males
and 4593 diagnoses (4.2 %) of invasive cancer in females
were attributable to alcohol, with 53 % of upper aero-
digestive tract cancers in males and 35.2 % of these cancers
in females related to excessive drinking. Overall, alcohol
accounted for 6.7 % of male cancer deaths and 4.6 % of
female cancer deaths during this 10-year period, with roughly
900 new cancers and 500 cancer deaths per year directly at-
tributable to its effects (Laffoy et al. 2013).

In relation to physical activity, the SLAN study revealed
that 45 % of Irish adults were insufficiently active, with 19 %
reporting no habitual physical activity at all (Morgan et al.
2008), supporting previous research which had indicated sig-
nificantly lower activity levels in Ireland than in most other
European countries (Sjostrom et al. 2006). These findings
have more recently been corroborated by an analysis of
WHO data which showed that Irish adults had the seventh

lowest physical activity levels out of 36 European countries
surveyed (Hallal et al. 2012). Fifty-three percent of Irish adults
in this study reported that they did not achieve the recom-
mended weekly activity guideline [5 x 30 min episodes of
moderate intensity activity (e.g. walking) or 3 x 20 min bursts
of vigorous activity, or a combination of the two) on a weekly
basis. In terms of the explicit cancer burden imposed by phys-
ical inactivity, it has been estimated that 15.7 % of colorectal
cancer cases and 15.2 % of breast cancer cases in Ireland are
attributable to physical inactivity, a considerably greater pro-
portion than the 10 % of these malignancies thought to be due
to low physical activity on a global basis (Lee et al. 2012). In
relation to infant feeding practices, despite modest improve-
ments in recent years, Irish women continue to have amongst
the lowest breastfeeding rates in the world (Nolan and Layte
2015).

Perhaps unsurprisingly, the prevalence of overweight and
obesity in Ireland has increased substantially over the past
three decades (Boylan et al. 2014) and is now considerably
higher than that observed in most other EU member states.
Ireland currently ranks third highest for overweight and obe-
sity combined amongst men (2nd highest for obesity alone)
and ninth highest amongst women (10th highest for obesity
alone) among the 28 EU-member states (World Obesity
Federation 2015). In global terms, Ireland ranks 19th highest
for obesity among men and 57th highest for obesity among
women (International Association for the Study of Obesity
2015).

There is emerging evidence of the deleterious impact that
these obesity rates are having on Ireland’s rates of diabetes and
on the overall metabolic health of the nation. In 2013, the
prevalence of diabetes in Irish adults was estimated at 6.5 %,
with 207,500 people suffering from the condition, and 1568
deaths annually directly attributable to its effects (International
Diabetes Federation 2013). This is relevant as metabolic syn-
drome and type II diabetes are important risk factors for cancer
(Deng et al. 2012; Luo et al. 2016). Overall, if current trends
continue, it has been estimated that Ireland’s prevalence of
obesity-related cancers will increase by 34 % between 2010
and 2020 and by 61 % between 2010 and 2030 (Keaver et al.
2013).

Conclusions and recommendations

The data presented here show that Ireland has a high incidence
of all-site and especially lifestyle-related cancers relative to
other countries and that this situation is worsening.
Notwithstanding the often observational or correlative nature
of evidence linking food and nutrient intakes with cancer, as
well as the ecological nature of the current study, the behav-
ioural and other data presented here do suggest that poor diet
and lifestyle may be contributing to Ireland’s high cancer rates
(Institute for Health Metrics and Evaluation 2013;

@ Springer



J Public Health

Organisation for Economic Cooperation and Development
2015). There are also ecological data from other countries
with high cancer incidence which support a contributory role
of poor diet, high alcohol intake and obesity in increased can-
cer risk. For example, low intakes of fruit and vegetables, fish
and breakfast cereals, and high intakes of red and processed
meats and alcohol have been reported among Danish adults,
with these deficits coinciding with high intakes of saturated fat
and low intakes of vitamin D (Knudsen et al. 2012). These
findings have been echoed by a recent EPIC study which
identified low dietary quality scores amongst Danish adults
(Lassale et al. 2016). In France, historic data have similarly
shown low fruit and vegetable and high saturated fat intakes
(Volatier and Verger 1999), with recent studies suggesting the
persistence of these low fruit and vegetable intakes (Francou
etal. 2015) and of low wholegrain food intakes (Bellisle et al.
2014). While the prevalence of obesity in Denmark (14.2 %)
and France (14.5 %) is considerably lower than that observed in
Ireland (23.0 %), both France and Denmark have low to mod-
erate physical activity levels (Loyen et al. 2016), and at a yearly
consumption of 12—15 | per capita aged 15 years and over, both
have excessive alcohol intakes, which are reflected in higher
alcohol-attributable all-cause mortality rates than the EU aver-
age or those recorded for Ireland (Anderson et al. 2012).

Although the dietary, nutritional, lifestyle and anthropo-
metric deficits described for Ireland are prevalent among all
strata of Irish society, there is now clear evidence that they are
both more common and more pronounced among those of low
socio-economic status (Layte and Whelan 2009; McCartney
et al. 2013; Madden 2013), a group whose incidence of
(Donnelly et al. 2013) and mortality from (Balanda and
Wilde 2001; Donnelly and Gavin 2010) all-site cancer are
considerably greater than those of their more affluent peers.
While international data also suggest higher cancer incidence
and mortality rates (Merletti et al. 2011) and less favourable
food and nutrient intakes (Nikoli¢ et al. 2014) amongst those
of low socio-economic status, the contributory role of poor
diet and nutrient intakes to social inequalities in cancer risk
is yet to be fully articulated.

The 2006 Strategy for Cancer Control in Ireland has right-
ly stated that knowledge enhancement alone will be insuffi-
cient to promote the dietary changes required to reduce cancer
risk among the Irish public. While enhanced public awareness
of the dietary and lifestyle risk factors for cancer is required
(Laffoy et al. 2013; Ryan et al. 2015), complementary policy
responses in relation to these population behavioural patterns
are also needed. For example, there is emerging international
evidence which suggests that food taxation and subsidy initia-
tives could yield substantial advantages in addressing
Ireland’s high overall prevalence of chronic disease (Ni
Mhurchu et al. 2015). In Ireland itself, it has been estimated
that over half of alcohol-related cancers would be prevented
by population adherence to Department of Health alcohol

@ Springer

consumption guidelines (Laffoy et al. 2013). In terms of food
intake, while modelling studies have suggested that
population-wide improvements in diet might reduce cardio-
vascular disease in Ireland by 10 to 26 % (O’Keeffe et al.
2013), the overlap between these “heart healthy” dietary reg-
imens and those associated with reduced cancer risk (Steck
et al. 2015) implies that a further consequential benefit would
also arise in relation to the latter.

In summary, prioritisation of diet and lifestyle interventions
in the prevention of cancer has the potential to yield a consid-
erable public health dividend in Ireland and other high-risk
countries. Strengthening national nutrition and health behav-
ioural surveillance systems would allow greater insight into
cancer-promoting dietary and lifestyle choices as well as the
spatial, ecological and socio-demographic factors which un-
derpin them (Ligibel et al. 2014). By using such data, more
effective preventative strategies could be developed to redress
the unsustainable cancer incidence trends that are now emerg-
ing in Ireland.
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