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5.1 Introduction

Over the last century, several scientific findings in the epidemiological, biochemi-
cal, biological and molecular fields have allowed to identify numerous risk factors
responsible for the development of various human diseases including metabolic dis-
orders, cardiovascular diseases (CVDs), cancer and chronic degenerative diseases.
Among these risk factors, a fundamental role is played by ageing, inflammation and
diet, three interrelated risk factors able to modify the homeostasis of the organism
leading to the onset of several age-related diseases [1, 2].

Ageing is a natural physiological process due to the loss of cell functions and tis-
sue renewal caused by cell senescence and reduction in the number of stem cells and
tissue plasticity, respectively [3, 4]. In the last decades, the increase in life expec-
tancy has shown that ageing has led to an increase in the incidence rates of many
diseases. Behind the increase in the incidence of age-related disorders, there is the
loss of control mechanisms of different cellular processes including proliferation,
apoptosis and senescence. In particular, ageing is characterized by the accumulation
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of genetic mutations mostly due to loss of DNA repair mechanisms, by the loss of
telomeric sequences, by the inappropriate turnover of proteins, by epigenetic altera-
tions (e.g. altered methylation patterns and de-regulation of microRNAs) and by
mitochondrial dysfunction [5]. In addition, ageing is associated with alterations of
inflammatory processes and oxidative stress that determine the increase in molecular
changes [6]. In particular, the close relationship between inflammation and ageing
has led the scientific community to define the inflammatory status present in the
elderly with the term “inflamm-ageing” [7]. Inflamm-ageing is responsible for a con-
stant low-grade chronic and systemic inflammation that deteriorates both cells and
tissues, leading to the development of age-related pathologies including cancer,
CVDs and type 2 diabetes (T2DM). All these pathologies share a common inflam-
matory background characterized by high levels of pro-inflammatory cytokines and
mediators, such as interleukin (IL)-6 and C-reactive protein (CRP) [6].

With ageing, the metabolism of nutrients introduced with diet changes drastically. In
particular, in recent decades, especially in the most developed countries, there has been
a drastic increase in the number of overweight and obese people. The major increase
was mainly observed in the sixth to seventh decades of life, as ageing predisposes to the
accumulation of visceral fat and consequently to the increase in weight [8]. Through
biochemical studies, it has been possible to establish that obesity is responsible for a
mild but chronic inflammation, which represents a constant stress for the body [9].

An excess of macronutrients introduced through the diet determines an increased
accumulation of body and circulating fatty acids harmful for the organism [10].
Consequently, obesity and the excess of circulating fatty acids lead to the stimulation of
both macrophages and adipocytes with the triggering of different signal transduction
pathways involved in the pro-inflammatory status [11]. Specifically, in obese subjects,
there is an evident increase in pro-inflammatory cytokines and a reduction in adiponec-
tin levels that lead to an increase in the production of reactive oxygen species (ROS) and
a decrease in endothelial nitric oxide [11]. This chronic inflammatory status is called
metaflammation, defined as “low-grade, chronic inflammation orchestrated by meta-
bolic cells in response to excess nutrients and energy” [12, 13]. Metaflammation is not
only the result of overweight and obesity, but it also depends on ageing [6]. Both
metaflammation and inflamm-ageing are responsible for a bivalent cycle where the pro-
inflammatory status induced by metaflammation and inflamm-ageing leads to cellular
damage and senescence. On the other hand, senescent cells produce several growth fac-
tors, proteases, chemokines and pro-inflammatory cytokines that worsen the chronic
inflammatory status, creating a vicious circle that, in the long period, determines the
occurrence of different pathological conditions including age-related diseases [14]. In
fact, the molecular pathways altered in both diet- and obesity-induced metaflammation
and inflamm-ageing are signal transduction pathways whose alterations are associated
with an increased risk of development of age-related diseases [15, 16].

In addition, both ageing and inflammation are sensitive to several environmental
factors, among which diet represents the most powerful regulating determinant
[17]. In particular, the diet, especially the individual foods that compose the diet, is
able to change the body’s response to pro-inflammatory stimuli and to limit or
change the ageing process [18].

For this purpose, in order to quantify the impact of specific food regimes on the
inflammatory profile of the individual, a meter of the pro-inflammatory and
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anti-inflammatory power of foods, called “Dietary Inflammatory Index” (DII), has
been developed [19].

Foods, through their inflammatory power, are able to modify cellular homeostasis
and consequently different cellular processes including proliferation, apoptosis and
senescence. There are numerous studies demonstrating how diet can play a funda-
mental role in ageing and anti-ageing, counteracting the formation of a pro-
inflammatory cellular environment [20]. Indeed, whilst foods with a high inflammatory
index lead to senescence and oxidative stress harmful to cells, it is true that foods with
a low inflammatory index and functional foods can reduce oxidative stress thanks to
antioxidants introduced with the diet, i.e. nutraceuticals (Chap. 11), which are very
effective in counteracting both ageing and the onset of age-related diseases [21, 22].

More in detail, a diet characterized by foods with a high DII is responsible for the
production of several cytokines able to negatively stimulate epithelial cells for the
production of ROS and to induce the activation of the signalling pathway responsible
for the decision of the cell fate [23, 24]. Moreover, a diet with a high DII triggers the
production of multiple secreted inflammatory cytokines, their cognate receptors and
positive-feedback loops with corresponding transcription factors as key mediators of
cell senescence [25]. All these molecular alterations result in the accumulation of
DNA damages that, in turn, induce the activation of the NF-kB signalling pathway,
resulting in the cell cycle arrest and the induction of a senescent phenotype [25, 26].

In the following paragraphs, it is emphasized how the DII has allowed to accurately
establish the relative risk of developing cardiovascular, metabolic and oncological dis-
eases, taking into consideration not only the inflammatory power of food but also the
pathogenetic role of ageing in favouring the development of these pathologies. It is also
be analysed how dietary habits affect ageing and longevity processes of individuals and
how the DII can be used as a tool to measure the anti-ageing potential of diet.

5.2 The Dietary Inflammatory Index

The DIl is a literature-derived tool developed to have a comprehensive evaluation of
the inflammatory potential of diet [19]. The DII has been validated in a variety of
longitudinal and cross-sectional studies using various inflammatory markers includ-
ing CRP, IL-6 and tumour necrosis factor-o [19, 27, 28].

Briefly, DII is based on a literature review of the association between dietary hab-
its and inflammatory biomarkers, which identified and scored 45 foods or nutrients
derived from usual diets [19, 29]. An inflammatory effect score was available for
each food parameter, ranked according to inflammatory potential in anti-inflammatory
(negative scores) and pro-inflammatory (positive scores) food parameters. Table 5.1
reports some examples of anti- and pro-inflammatory foods and nutrients included in
the DII calculation, as originally reported by Shivappa and colleagues [19]. A per-
son’s usual intake of each food parameter is weighted according to its inflammatory
effect score and then summed to produce the overall DII. DII score increases with
increasing inflammatory potential of diet, with negative values indicating anti-
inflammatory diets and positive ones indicating pro-inflammatory diets.

Although originally developed to identify the inflammatory potential of diet [9,
29], the DIT has the additional property to indicate a general nutritional quality of diet.
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Table 5.1 Food and nutrients included in the calculation of the Dietary Inflammatory Index (DII)
according to their inflammatory potential

Food parameter Unit of measure Inflammatory effect score
Anti-inflammatory food parameters

Garlic G -0.412
Onion G —0.301
Vitamin By Mg —-0.365
Polyunsaturated fatty acids G —-0.337
Fibre G —0.663
p-Carotene pg —0.584
Folic acid ng —0.190
Magnesium Mg —0.484
Niacin Mg —0.246
Vitamin A RE —0.401
Vitamin C Mg —-0.424
Vitamin D pg —0.446
Vitamin E Mg —0.419
Pro-inflammatory food parameters

Energy Kcal 0.180
Carbohydrate G 0.097
Protein G 0.021
Total fat G 0.298
Saturated fat G 0.373
Cholesterol Mg 0.110
Iron Mg 0.032
Vitamin B, pg 0.106

Indeed, several studies reported a positive association between anti-inflammatory
diets and adequate intake of nutrients. Results from the Whitehall II cohort study, a
cohort study of men and women originally employed by the British civil service in
London-based offices, showed that people taking anti-inflammatory diets reported
higher intake of fibres, proteins and polyunsaturated fatty acids and lower intake of
carbohydrates, fats and fatty acids than people with pro-inflammatory diets [30].
Similarly, in the ORISCAV-LUX cohort, a cross-sectional study on the prevalence
of cardiovascular risk factors among the adult population of Luxembourg, aged
18-69 years, people taking anti-inflammatory diets reported higher intake of vita-
mins and minerals than those taking pro-inflammatory diets [31]. Further, an asso-
ciation between DII and other indicators of healthy diets has been reported [30, 32].
In particular, anti-inflammatory scores have been consistently reported in people
who follow a Mediterranean Diet, whose beneficial effects on healthy ageing and
longevity are discussed in Chap. 10 [33-35].

Bearing in mind this second DII property, it is of great interest to understand
how DII varies across age groups, with a particular focus on the elderly. Figure 5.1
shows DII scores for Italian men and women enrolled in population-based
studies [35].
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Fig. 5.1 Dietary Inflammatory Index according to gender and age in Italian cancer-free people

Both genders reported anti-inflammatory diets (i.e. negative DII scores), even if
DII score in men were consistently lower than that in women. The score starts
increasing from the age of 55 to 59 years, with a similar trend in both men and
women. Although some differences emerged across geographic areas, the rising
trend with age in the elderly was consistent [35]. The increase in the inflammatory
potential of diet with age could have relevant health implication: in addition to its
impact on several clinical outcomes, it could indicate a general worsening of diet in
the elderly. An adequate nutritional status is important to prevent frailty in this vul-
nerable population, thereby the DII score could be a useful tool to identify people
with inadequate diet who could benefit from nutritional intervention [36].

A pro-inflammatory status has been associated with several conditions that could
affect the quality of life in the elderly, including depression and osteoporosis. In the
next paragraphs, we focus on the role of DII in metabolic disorders, CVDs and
cancer, as well as in healthy ageing and longevity.

5.3 DIl and Metabolic Disorders

The metabolic syndrome is a complex disorder defined as a cluster of at least three
risk factors among abdominal obesity, glucose intolerance, high blood pressure,
high triglyceride levels and low high-density lipoprotein cholesterol levels [37].



76 L. Falzone et al.

Table 5.2 Relative risk (RR) and corresponding 95% confidence interval (CI) of metabolic syn-
drome for the highest versus the lowest category of DII score

Study Study type Country Mean age RR (95% CI)
NHANES [38] Cohort USA 46 years 1.23 (1.07-1.41)
SU.VL.MAX [39] Cohort France 49 years 1.39 (1.01-1.92)
SUN [40] Cohort Spain 35 years 0.86 (0.60-1.23)
KNHANES [28] Case—control Korea 41 years 1.67 (1.15-2.44)*
1.40 (1.06-1.85)°
CUADHS [41] Case—control China 50 years 1.02 (0.75-1.40)
PONS [42] Case—control Poland 56 years 0.96 (0.77-1.19)
BCOPS [43] Case—control USA 42 years 0.87 (0.46-1.63)
“Postmenopausal women
"Men

Current evidence on the association between DII and metabolic syndrome is sum-
marized in Table 5.2.

All studies but one were conducted in middle-aged individuals, reporting incon-
sistent results [44]. Two cohort studies reported a mild positive association, with an
increased risk of metabolic syndrome in people with pro-inflammatory diets,
whereas the SUN Project (“Seguimiento Universidad de Navarra” [University of
Navarra Follow-up] Project is a dynamic prospective cohort study, conducted in
Spain with university graduates since December 1999) found no association [44—
46]. However, the younger age of patients in the SUN Project could have limited the
capability to detect the effect of dietary indexes on the incidence of chronic diseases
that are strongly related to age. Evidence from case—control studies generally indi-
cates the lack of any association between DII and metabolic syndrome. Only one
Korean case—control study found a significant association in both women
(RR =1.67; 95% CI: 1.15-2.44) and men (RR = 1.40; 95% CI: 1.06-1.85) [47].
Further, a cross-sectional study in overweight and sedentary individuals indicates a
positive association between a metabolic syndrome score and pro-inflammatory
diets [48].

Hyperglycaemia plays an important role in the definition of metabolic syndrome,
and it has relevant implication on individual health. Generally, pro-inflammatory
diets are associated with hyperglycaemia [45-47, 49, 50]. In particular, in the
Mexico City Diabetes Mellitus Survey, a cross-sectional probabilistic population-
based survey, individuals in the highest quintile of DII have a threefold higher risk
of type 2 diabetes mellitus (95% CI: 1.39-6.58) than people in the lowest DII quin-
tile [51]; this association was much stronger among people aged >55 years
(OR = 9.8; 95% CI: 3.8-25.5) than among younger individuals. This result is in
agreement with a previous case—control study in Iran, which reported an elevated
risk of prediabetes (OR = 18.9; 95% CI: 7.0-50.8) in people taking pro-inflammatory
diets [52]. In addition to the possible enhancement of insulin resistance in pro-
inflammatory diets, elevated DII scores could identify diets rich in foods such as
refined cereals, soft drinks, and red and processed meat associated with the onset of
T2DM [51].
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5.4 DIl and Cardiovascular Diseases

The association between DII and CVDs has been investigated in several longitudi-
nal studies on unselected populations (Table 5.3), generally reporting a moderate
association. People taking pro-inflammatory diets reported an increased risk of
CVD onset ranging from 3 to 103% compared with those taking anti-inflammatory
diets. A similar risk was found for CVD mortality, with excess risk among people
taking pro-inflammatory diets, ranging from 9 to 102%.

A few studies were conducted in the elderly. Only one study was specifically
focused on women aged 70 years or older (mean age: 75 years) who were origi-
nally enrolled in the Calcium Intake Fracture Outcome Study [40]. Although this
trial failed to demonstrate an effect of calcium supplementation on carotid ath-
erosclerosis, it provided important information of dietary habits and CVD risk.
In particular, pro-inflammatory diets were associated with increased mortality for
atherosclerotic vascular disease (HR = 2.02; 95% CI: 1.30-3.13), ischaemic heart
disease (HR =2.51; 95% CI: 1.37—4.62) and possibly with cerebrovascular disease
(HR =1.76; 95% confidence interval 0.92-3.40). Three other studies enrolled partic-
ipants with a mean age above 60 years. The PREDIMED Study, a Spanish long-term
nutritional intervention study aimed at assessing the efficacy of the Mediterranean
Diet in the primary prevention of cardiovascular disease, was a randomized trial
enrolling men aged 55-80 years and women aged 60-80 years [39]. After a 5-year
follow-up, a significant increase in CVD risk of 73% was observed in people fol-
lowing pro-inflammatory diets. This effect was consistent across dietary interven-
tion arms. Two longitudinal studies investigated CVD mortality in women. In the

Table 5.3 Hazard ratio (HR) and corresponding 95% confidence interval (CI) of cardiovascular
incidence and mortality for highest versus lowest category of DII score

Cohort  Country Mean age | Mean follow-up | HR (95% CI)
Incidence
MONICA/KORA [44] | Germany 55 years 23 years 1.53 (0.93-2.53)
ALSWH [45] Australia 52 years 11 years 1.03 (0.76-1.42)
SU.VL.MAX [46] France 49 years 11 years 1.15 (0.79-1.68)
GOS [47] Australia N.A. 5 years 2.00 (1.01-3.96)
SUN [48] Spain 38 years 9 years 2.03 (1.06-3.88)
PREDIMED [35] Spain 67 years 4 years 1.73 (1.15-2.60)
Mortality
MCCS [16] Australia 55 years 19 years 1.16 (1.01-1.33)
MEC [49] US men 59 years 18 years 1.13 (1.03-1.23)
US women 1.29 (1.17-1.42)
MONICA/KORA [44] | Germany 55 years 23 years 1.19 (0.76-1.86)
Whitehall II [12] England N.A. 22 years 1.46 (1.00-2.13)
CIFOS RCT [34] Australia 75 years 13 years 2.02 (1.30-3.13)
NHANES I1I [50] USA 47 years 14 years 1.46 (1.18-1.81)
IWHS [36] USA 61 years 21 years 1.09 (1.01-1.18)
SMC [37] Sweden 61 years 15 years 1.26 (0.93-1.70)
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Iowa Women’s Health Study designed to examine the effect of host, dietary and life-
style factors on the incidence of cancer among postmenopausal women, a moderate
association emerged between CVD mortality and DII score after adjustment for
potential confounders [38]. Conversely, in the participants in the population-based
Swedish Mammography Cohort, the association between DII and CVD mortality
was no longer significant after adjustment for overweight/obesity, tobacco smoking
and alcohol drinking [53].

Studies on different cardiovascular endpoints showed a consistent result. A
recent meta-analysis of case—control and cohort studies revealed an increased risk
of myocardial infarction in people with pro-inflammatory diets compared with
those with anti-inflammatory diets (RR = 1.43; 95% CI: 1.09-1.89) [41]. Although
not significant, the relative risks in people with elevated DII were still indicative of
an excess risk for ischaemic/coronary heart disease (RR = 1.18; 95% CI: 0.89-1.58)
and stroke (RR =1.10; 95% CI: 0.60-2.00).

In summary, pro-inflammatory diets are associated with CVD incidence and
mortality in both adults and the elderly. Therefore, the promotion of anti-inflammatory
diets rich in vegetable, fish and cereals consumption may help to reduce CVD inci-
dence, improving healthy ageing.

5.5 DIl and Cancer

Several studies have shown that besides the well-known genetic and molecular
alterations responsible for neoplastic transformation, also microenvironmental per-
turbations of the inflammatory status may lead to the accumulation of genetic dam-
ages responsible for malignant transformation of cells and to tumour progression
[42, 43, 54]. A pro-inflammatory microenvironment, characterized by high concen-
trations of several pro-inflammatory cytokines and other mediators, is associated
with an increased risk of tumour onset due to the inflammation-induced cellular
stress and damages [55, 56].

However, alongside diet, the regulation of the cancer-related inflammatory status
depends on other factors including ageing and the alteration of the organism redox
state [18, 57]. Therefore, it is clear how all these factors may contribute to the for-
mation of a more predisposing pro-inflammatory microenvironment and conse-
quently to the development of cancer.

To date, there is a well-established axis among inflammation, diet, ageing and the
increased risk of cancer, although the molecular basis of this multifactorial interac-
tion has not yet been fully elucidated [58].

In the context of the diet-related pathogenesis of cancer, both quantitative and
qualitative characteristics of nutrients play key roles in the development of a pro-
inflammatory carcinogenic environment [59, 60]. Diet positively and negatively
influences the incidence, natural progression and therapeutic response of several
cancer types through the modulation of chronic inflammation [61, 62]. In particular,
epidemiological studies demonstrate that certain types of cancers are more sensitive
to disequilibria in food composition, especially when this imbalance characterizes
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obese people [63]. To date, among the most common malignancies associated with
obesity or unhealthy dietary habits, more than 13 different types of cancers includ-
ing cancer of the gallbladder, kidney cancer, liver cancer, breast cancer, ovarian
cancer and thyroid cancer have been recognized [64].

In addition to overweight and obesity, specific foods and nutrients are now con-
sidered as probable or certain carcinogens for humans. The latest foods included in
the International Agency for Research on Cancer list as probable and certain car-
cinogens for humans are the red and processed meats, respectively [65]. In devel-
oped countries, the diet is generally rich in red meat, high-fat foods, refined grains
and complex carbohydrates that promote a pro-inflammatory status [66].

Although in the Western Countries there is the highest percentage of overweight
and obese people, in some areas, especially in those facing the Mediterranean Sea,
healthy food styles are widespread, first of all being the Mediterranean diet, charac-
terized by the consumption of high quantities of fruit, vegetables and olive oil [67].
The Mediterranean diet plays a protective role against various human diseases
thanks to the various beneficial nutrients of which it is constituted [68]. One of the
more important features of the Mediterranean diet is to have a low inflammatory
index and antioxidant effects [33, 69]. Hence, the adoption of Mediterranean diet
and healthy dietary habits may reduce the risk of cancer development and together
the detrimental effects of ageing [70, 71].

Thanks to the use of the DII as a parameter for measuring the inflammatory
potential of foods, several studies have been conducted to evaluate the role of pro-
inflammatory diets on cancer risk. A recent meta-analysis summarized the current
evidence based on case—control and cohort study [72]. Overall, a positive associa-
tion between pro-inflammatory diets and overall cancer risk was found, with a
RR =1.58 (95% CI: 1.45-1.72) for the highest versus the lowest DII category. This
overall risk estimate should be considered with caution, since it strongly depends on
the cancer sites included in the original studies. Although a direct association
emerged for all cancer sites, the risk magnitude was heterogeneous. Indeed, the
pooled relative risks were 2.74 for oesophageal cancer, 1.57 for ovarian cancer, 1.45
for prostate cancer, 1.43 for colorectal cancer, 1.33 for breast cancer and 1.32 for
renal cancer. The association was not significant for lung cancer (RR = 1.27; 95%
CI: 0.93-1.72). Subgroup analysis by gender and ethnic group did not substantially
modify study findings. A dose—response analysis generally showed a rising risk of
cancer with increase DII score [72].

Considering that both DII score (Fig. 5.1) and overall cancer risk increase with
age, it is compelling to understand whether their association changes according to
age [73]. Using data from a series of case—control studies in Italy, Accardi et al.
estimated the association between DII score and several cancer sites according to
age groups [35]. The changes in DII scores according to age were similar in cancer
cases and in cancer-free controls, so that the association between DII and relative
risk for pro-inflammatory diets versus anti-inflammatory diets remained stable
across age groups for all considered cancers. Indeed, the relative risk could be con-
sidered a magnifier of the baseline risk. Given the higher cancer incidence in the
elderly, the impact of DII on absolute cancer risk was much higher among them than
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among middle-aged people [73]. Therefore, dietary intervention to improve healthy,
anti-inflammatory diets in the elderly could help in reducing the cancer burden in
this population.

Besides these epidemiological data, several animal models of cancer have also
shown that the quantity of nutrients and the fasting and feeding cycles play an
important role in cancer through their effects towards the immune system and the
tumour microenvironment [60].

All these data suggest that dietary interventions may contribute to the regulation
of both chronic low-grade metaflammation and inflamm-ageing. Therefore, diet is
considered to play a key role not only in the pathogenesis and development of
tumours but also as a possible therapeutic approach. This is based on the administra-
tion of specific foods or active natural compounds extracted from plants or microor-
ganisms, i.e. nutraceuticals and probiotics, with proven antitumour activity or able
to enhance the efficacy of the several pharmaceutical cancer treatments [74-77].
Finally, to date, diet is also considered a fundamental element in anticancer preven-
tion strategies that promotes the adoption of healthy dietary lifestyles [68].

5.6 Dlland Longevity

Several aspects may have an impact on healthy ageing, including good physical,
cognitive and mental functioning. Therefore, conditions and lifestyle factors impact-
ing on overall survival and on the incidence of chronic diseases and functional dis-
abilities may be relevant.

Presently, very few studies have investigated the association between DII and
healthy ageing using a multidimensional approach. Using data from the SU.VI.
MAX, i.e. French Supplémentation en Vitamines et Minéraux Antioxydants study,
the authors have prospectively evaluated the health status of almost 2800 partici-
pants (mean age at enrolment: 52 years) after a mean follow-up of 13.3 years [17].
Healthy ageing during follow-up was defined considering overall perceived health;
physical and cognitive functioning; incidence of major chronic diseases; limitation
in daily activities; depression and health-related limitations in social life. People
having a pro-inflammatory diet at baseline had 15% lower probability to have
healthy ageing than people with anti-inflammatory diets. Similarly, the Tsurugaya
Project, a Japanese prospective study on community-dwelling older individuals
aged 70 years or older (mean age: 75 years), evaluated the incidence of functional
disabilities using a composite outcome. In this study, elevated DII was associated
with a 25% increase in risk of developing disabilities during a maximum follow-up
of 12 years [78].

Further, a Korean study on community-dwelling individuals aged 70-85 years
investigated DII in relation to frailty [47]. A frailty index was calculated basing on
five criteria: weight loss, exhaustion, low physical activity, low walking speed and
low handgrip strength. A higher mean DII score was reported among frail individu-
als than among non-frail ones, with a 68% increase in the risk of frailty (95% CI:
1.25-2.17) among elderly with pro-inflammatory diets in comparison with
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anti-inflammatory diets. A similar association was found in a previous analysis of
the Osteoarthritis Initiative [79]. In this study, frailty was defined according to the
presence of at least two out of three of the following conditions: (1) weight loss
>5%; (2) inability to carry out chair stand and (3) poor strength. During an 8-year
follow-up, the incidence of frailty was higher in people taking pro-inflammatory
diets than in those taking anti-inflammatory diets (HR = 1.37; 95% CI: 1.01-1.89).

Dietary habits may affect longevity through the modification of telomere length,
which is considered a proxy of biological cell ageing [80] (Chap. 8). Chronic
inflammation is a mechanism involved in telomere shortening; therefore, anti-
inflammatory diets may contribute in slowing down biological ageing [81].

The association between leukocyte telomere length and inflammatory potential
of diet was first investigated in the PREDIMED-NAVARRA, that is, in a subset of
participants from the PREDIMED study recruited at NAVARRA centre [82]. The
authors assessed the dietary inflammatory potential in 520 patients at high risk for
CVD who underwent a nutritional intervention based on the Mediterranean diet. At
study enrolment, the DII score was inversely associated with leukocyte telomere
length at baseline, with an 80% higher risk of shorter telomere (95% CI: 1.03-3.17)
in pro-inflammatory than in anti-inflammatory diets. More interestingly, pro-
inflammatory diets were also inversely associated with telomere shortening rate
after 5 years of follow-up: participants who had the greatest increase in DII had
almost a twofold higher risk (OR = 1.94; 95% CI: 1.10-3.43) to have the highest
telomere shortening rate.

These results should be considered with caution; although consistent with a ben-
eficial effect of anti-inflammatory diets in slowing down telomere shortening,
potential selection bias may limit their validity. Indeed, the PREDIMED-NAVARRA
study was based on a population with several comorbidities (i.e., diabetes, over-
weight/obesity, hypertension and current smoking), which may confound the
reported association between DII and telomere length. Although no interaction was
found, there was a tendency for individuals with overweight/obesity or hypertension
to have shorter telomeres [82].

A subsequent analysis of data from the NHANES study, a programme designed
to assess the health and nutritional status of children and adults in the United
States, confirmed an inverse association between DII and telomere length, with
shorter leukocyte telomeres in people with the most pro-inflammatory DII scores
[83]. This analysis was conducted on a probabilistic sample of US general popula-
tion of over 7000 individuals aged 18 years or older. Conversely, no such associa-
tion was found in middle-aged Asklepios population, i.e. a community situated on
both sides of the busy motorway from Brussels to Ghent, with divergent effects in
men and women [84].

People adherent to Mediterranean diet reported anti-inflammatory scores [34,
35]; therefore, an indirect support to the association between pro-inflammatory
diets and telomere shortening may derive from study on Mediterranean diet.
Although presently scarce, the current evidence confirms an inverse association
between telomere length and adherence to the Mediterranean diet [85]. This asso-
ciation was not evident for any single Mediterranean diet food, suggesting that the
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dietary Mediterranean pattern, rather than single foods or nutrients, may be respon-
sible for the beneficial effect on telomere shortening. An Italian study on Caucasian
elderly reported a similar association between adherence to Mediterranean diet and
telomere length in people over 70 years of age [86].

Finally, in two large prospective Spanish cohorts, the SUN [87] and PREDIMED
studies [39], a high inflammatory diet, as measured by the DII, was associated with
higher all-cause mortality. A diet rich in vegetables, fruits, fish, nuts and legumes
and low in meats, dairy and baked goods, that is, a higher anti-inflammatory DII, is
therefore likely to reduce many potential causes of premature death, potentially
favouring the attainment of longevity [88].

5.7 Conclusion

The complexity of the ageing and longevity phenomena and their regulatory ele-
ments is progressively being revealed thanks to the multidisciplinary studies carried
out in recent years in this field. The predominant role of inflammation in these
physiological processes has made possible to understand how the accurate regula-
tion of the inflammatory status is responsible for the development of different path-
ological processes, shifting the interest of researchers on the factors able to change
inflammatory status. As described in this chapter, several studies have shown that
diet is one of the most effective regulators of inflammatory processes by identifying
specific pro-inflammatory and anti-inflammatory dietary habits associated with dif-
ferent pathologies or their treatment. An important turning point in the study of
diet-associated diseases was the definition of the DII, which allows to quantify the
pro- or anti-inflammatory power of a specific food. After the introduction of the DII,
it is possible to identify dietary regimens associated with an increased risk of meta-
bolic disorders, CVDs and cancer and reciprocally healthy ageing and longevity. It
is becoming clear that the comprehensive study of inflammation, diet, ageing and
longevity and the understanding of the relationships between these four elements
can provide useful information to predict the risk of occurrence of specific diseases.
This will be helpful to develop a new preventive and therapeutic approach based on
the modulation of diet, thereby enhancing the possibility to achieve healthy ageing
and longevity.
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