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Abstract: Background: Inflammatory cytokine levels are associated with Non-Communicable Dis-
eases (NCDs) and can be influenced by a person’s macronutrient profile. This work aims to evaluate
the relationship between the compliance with the age-specific recommended protein intake and the
levels of inflammatory markers related to the risk of NCDs. Methods: The study participants included
347 participants (119 men and 228 women), ages 18 to 86 years. Cardio-metabolic risk evaluations,
including an assessment of the prevalence of Metabolic Syndrome, were performed. Leptin, IL-15,
IL-6, and TNF-α levels were measured. Results: The adequacy of the total protein (TP) intake was
lower in old people compared to individuals aged <60 years, and only few volunteers consumed the
suggested 50% plant protein (PP) for a healthy and sustainable diet. A lower risk of NCDs with a PP
consumption above at least 40% was observed only in old individuals. A differential effect on TNF-α
and IL-6 was observed for both TP and PP intake by gender and age class, whereas for leptin and
IL-15 only significant interactions among sex and the class of age were found. Conclusion: Although
our data suggest that consuming more than 40% of PP can reduce the risk of NCDs, the effect of
gender differences on cytokine levels should be considered in larger studies.

Keywords: plant protein; NCDs; inflammatory markers; healthy ageing

1. Introduction

The latest findings from the Global Burden of Disease Study provide insights on
the increased risk of serious illness and death from COVID-19 associated with several
risk factors and non-communicable diseases (NCDs), including obesity, diabetes, and
cardiovascular disease (CVD) [1]. Over the past 30 years, the largest absolute increases in
health loss have occurred worldwide, affecting particularly older adults including ischemic
heart disease (increasing by 50% between 1990 and 2019), diabetes (up 148%), and stroke
(32%). Collectively, in 2019, metabolic risks (including obesity, high blood sugar, high
blood pressure, and high cholesterol) accounted for nearly 20% of total health loss (50%
higher than in 1990: 10.4%). As widely reported in the scientific literature, low-grade
inflammation is often associated with the appearance of NCDs, and the expression and
secretion of inflammatory biomarkers can be influenced by the macronutrient profile.
Immune-senescence and inflammaging are considered key features of the frail elderly,
influencing their susceptibility to infections and worsening disease progression [2,3]. It
has been suggested that a supplementation with amino acids could enhance the immune
status, thereby reducing the morbidity and mortality of infectious diseases for individuals
with malnutrition [4]. The quantity and quality of protein are different in plant- and
animal-based foods. Animal protein (AP) provides all the essential amino acids and is more
bioavailable compared with their plant counterpart [5]. However, several epidemiological

Int. J. Mol. Sci. 2022, 23, 8008. https://doi.org/10.3390/ijms23148008 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms23148008
https://doi.org/10.3390/ijms23148008
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0002-1971-1668
https://orcid.org/0000-0002-6210-5241
https://orcid.org/0000-0003-2428-416X
https://orcid.org/0000-0003-4021-6829
https://orcid.org/0000-0003-4898-796X
https://doi.org/10.3390/ijms23148008
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms23148008?type=check_update&version=2


Int. J. Mol. Sci. 2022, 23, 8008 2 of 12

studies have shown an inverse association between high intakes of plant protein (PP)
and cardiometabolic risk and mortality [6]. Accordingly, unhealthy and unsustainable
diets have been recognized as strongly contributing to the escalating burden of diet-related
NCDs, aside from adversely impacting the local food systems and natural environment [7,8].
Population reference intakes for total protein (TP) are age specific and apply to mixed
dietary protein from both animal and plant sources [9,10]. Moreover, it has been pointed out
that a high intake of proteins is necessary for elderly adults with sarcopenia or for patients
with severe illness [11]. Aside from the role of genetics and environmental exposure, the
dominant risk factors for non-communicable diseases are behavioral, and by and large,
they could be avoided and prevented (or at least attenuated) over the course of one’s life
via lifestyle modifications and can thus reduce their great economic burden.

This work aimed to evaluate the linkage between compliance with protein intakes
and the levels of inflammatory markers related to the risk of NCDs within an Italian
population group.

2. Results

The total sample included 119 males and 228 females aged 57.4± 15.8 and 57.7 ± 15.2 years,
respectively. According to the study aim, the volunteers were grouped by sex, age class, and
the quintile (Q) category of TP consumption (g/kg/d). The mean Body Mass Index (BMI) of
the participants <60 years old (26.8 ± 5.0 kg/m2) evidenced a statistically significant lower
BMI with respect to those ≥60 years old (28.5 ± 4.2 kg/m2) (p = 0.001) (Supplementary
Table S1).

Table 1 shows the intake of animal (AP) and plant protein (PP) as g/kg/d, fat (FAT),
and carbohydrates (CHO) expressed as a percentage of energy (%En) and the daily con-
sumption of fiber (g/d). A statistically significant difference (p = 0.035) was found in PP
intake (g/kg/d) among the different levels of age class (adult vs older). No differences
by age class were observed, while multiple comparison procedures (Bonferroni t-test)
evidenced a statistical difference (p < 0.05) in the PP mean values among the different
quintile categories of average protein intake (g/kg/d) (Table 1). AP consumption (g/kg/d)
presented a statistically significant (p < 0.05) interaction between sex and age class upon the
quintiles of average protein intake (g/kg/d). All pairwise multiple comparison procedures
(Bonferroni t-test) found a significant interaction (p = 0.002) by sex (men vs women) within
the Q2–Q5 categories of average protein intake as well as by age class (adults vs. older)
within the Q1–Q5 categories of average protein intake (p < 0.001). On average, intakes of
CHO were within the dietary guidelines (ranged from 45% to 60%), whereas both younger
and older individuals showed a %En from fat above the dietary recommendations (20–35%).
On the contrary, the fiber intake was significantly different among the quintiles of average
TP intake (Table 1), and the mean values were all under the dietary guidelines (at least
25 g/d).

The percentage of individuals with TP consumption in line with the age-specific
reference values of protein intake for an Italian population (0.9 mg/kg and 1.1 mg/kg for
young and old people, respectively) presented age differences (Figure 1).
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Table 1. Macronutrients and fiber intake by sex, age class, and quintile category of average pro-
tein consumption.

Quintiles of Protein Intake
by Sex and Age AP g/kg/d PP g/kg/d %En FAT %En CHO FIBER g/d

Men < 60 years (overall) 0.62 ± 0.26 0.39 ± 0.15 * 36.80 ± 6.45 48.65 ± 7.97 16.67 ± 8.39
Q1:0.623 (g/kg/d) 0.29 ± 0.15 a 0.32 ± 0.16 a 36.67 ± 8.31 50.30 ± 11.30 13.57 ± 6.06 a

Q2:0.823 0.5 ± 0.1 b 0.33 ± 0.10 a 35.81 ± 7.44 48.94 ± 8.39 13.58 ± 4.79 a

Q3:0.975 0.63 ± 0.12 c 0.34 ± 0.10 ab 39.35 ± 6.14 46.52 ± 7.01 13.02 ± 5.37 a

Q4:1.182 0.74 ± 0.11 d 0.47 ± 0.07 b 36.87 ± 4.99 48.30 ± 5.48 22.73 ± 12.06 bc

Q5:1.518 0.94 ± 0.26 e 0.55 ± 0.19 c 35.30 ± 3.97 49.17 ± 5.13 20.78 ± 5.94 bc

Men ≥ 60 years (overall) 0.71 ± 0.31 0.33 ± 0.10 ** 36.70 ± 6.75 45.37 ± 7.21 15.26 ± 5.94
Q1:0.623 (g/kg/d) 0.33 ± 0.11 a 0.27 ± 0.06 a 38.05 ± 7.34 47.78 ± 7.93 13.62 ± 6.65 a

Q2:0.823 0.49 ± 0.08 b 0.34 ± 0.09 a 36.70 ± 6.97 47.61 ± 8.04 13.82 ± 5.96 a

Q3:0.975 0.64 ± 0.10 c 0.32 ± 0.09 ab 38.98 ± 7.23 42.66 ± 7.04 15.52 ± 5.28 ab

Q4:1.182 0.83 ± 0.09 d 0.38 ± 0.12 b 34.28 ± 6.31 43.91 ± 4.28 16.59 ± 3.98 ab

Q5:1.518 1.24 ± 0.21 e 0.43 ± 0.12 c 35.51 ± 5.09 44.89 ± 4.86 20.08 ± 4.91 bc

Women < 60 years (overall) 0.63 ± 0.29 0.40 ± 0.16 * 38.70 ± 6.44 47.53 ± 7.43 14.43 ± 5.99
Q1:0.623 (g/kg/d) 0.32 ± 0.14 a 0.31 ± 0.13 a 39.28 ± 5.76 49.93 ± 6.95 12.45 ± 6.96 a

Q2:0.823 0.53 ± 0.09 b 0.28 ± 0.10 a 41.74 ± 7.69 43.76 ± 9.00 13.74 ± 6.24 a

Q3:0.975 0.57 ± 0.12 bc 0.41 ± 0.11 a 37.32 ± 6.62 49.59 ± 7.94 13.88 ± 6.10 a

Q4:1.182 0.73 ± 0.18 cd 0.44 ± 0.17 ab 36.27 ± 5.82 48.73 ± 6.60 15.03 ± 5.12 ab

Q5:1.518 1.03 ± 0.20 de 0.52 ± 0.15 c 38.89 ± 5.30 46.35 ± 5.27 16.24 ± 5.38 ab

Women ≥ 60 years (overall) 0.64 ± 0.28 0.39 ± 0.14 ** 38.01 ± 6.99 46.65 ± 7.12 16.34 ± 6.97
Q1:0.623 (g/kg/d) 0.29 ± 0.12 a 0.32 ± 0.12 a 36.77 ± 7.81 50.72 ± 8.59 15.09 ± 8.97 ab

Q2:0.823 0.54 ± 0.06 b 0.27 ± 0.05 a 37.11 ± 7.08 46.42 ± 6.21 12.89 ± 4.33 a

Q3:0.975 0.59 ± 0.11 bc 0.39 ± 0.11 ab 38.50 ± 7.15 46.32 ± 7.33 16.56 ±5.33 ab

Q4:1.182 0.75 ± 0.13 cd 0.41 ± 0.13 b 39.49 ± 5.99 45.49 ± 6.99 15.98 ± 7.15 ab

Q5:1.518 1.02 ± 0.28 de 0.52 ± 0.14 c 38.19 ± 7.80 44.28 ± 5.23 20.19 ± 7.26 bc

AP = Animal protein; PP = Plant protein; En= energy; CHO = Carbohydrate; FAT = Lipid. Three-way ANOVA
Factor by quintiles abcde: significant differences (p < 0.05) between different letters; by age class (* vs. **).

For 221 adults (68 M and 153 F), 61% consumed a total daily protein amount in line
with the recommendation (≥0.90 g/kg/d), while only 39% of the 126 older adults (51 M
and 75 F) had a daily TP intake in line with the suggested dietary target recommendation
(≥1.1 g/kg/d). Moreover, among the subjects consuming the recommended daily protein
intake, only 9% of adults consumed at least 50% from PP, as suggested by the sustainable
eating model recommended by EAT Lancet [10], and only 5% of older adults reached this
goal (Figure 1).

The mean BMI values among the different protein intake quintiles were statisti-
cally higher at lower quintiles (Figure 2a) and the BMI of the participants <60 years old
(26.8 ± 5.0 kg/m2) was statistically significantly lower compared to those ≥60 years old
(28.5 ± 4.2 kg/m2) (p = 0.001) (Supplementary Table S1). As expected, the mean estimates
of Fat Mass (%) were statistically different (p ≤ 0.001) among sex and age class (Supple-
mentary Table S1). Moreover, FM% was higher in lower quintiles of average protein intake
(Figure 2b). The same trend was observed in the mean fat-free mass (FFM) among the
different levels of sex, age class, and quintiles of protein (Supplementary Table S1).

Insulin resistance, assessed as the homeostasis model assessment-estimated insulin
resistance (HOMA-IR), highlighted a statistically significant interaction between sex and
age class upon different TP quintiles (p = 0.001) (Supplementary Table S1). We found a
significant sex and age class interaction at the level Q1 category of average protein intake
(g/kg/d) (p = 0.003). A significant difference in the HOMA-IR mean values (p = 0.025)
among the different levels of age class evaluated within the level Q3 category of average
protein intake (averaging over levels of sex) was observed.
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Figure 2. Body mass index (kg/m2) (a) and fat mass percentage (FM%) (b) by quintiles of pro-
tein intake. Three-way ANOVA significant differences (p < 0.05) between different letters (a) BMI
kg/m2 = body mass index; Q1 vs. Q5 (p < 0.001); Q1 vs. Q4 (p = 0.004); Q2 vs. Q5 (p < 0.001); Q2 vs.
Q4 (p = 0.009); Q3 vs. Q5 (p = 0.003). (b) FM% Q2 vs. Q5 (p = 0.004), Q2 vs. Q4 (p = 0.021), Q1 vs. Q5
(p = 0.004), Q1 vs. Q4 (p = 0.025), Q3 vs. Q5 (p = 0.010), and Q3 vs. Q4 (p = 0.050).

Of the total sample, only 51 subjects (13 M and 38 F) did not present any disease risk
factor (Supplementary Table S2). The prevalence of hypertension was significantly higher
in men than women (p < 0.05), whereas in older subjects the prevalence of the risk of NCDs
(including a disease risk for type 2 diabetes, hypertension, and CVD), hypertension, and
dyslipidemia were significantly higher (p < 0.05, Supplementary Table S2). These outcomes
were significantly different among the quintiles of protein intake (Supplementary Table S2).
From that, differences in the metabolic syndrome (MetSyn) (a cluster of disease risk factors
for CVD) prevalence among the quintiles of protein intake were found (Figure 3): as the
consumption of TP increased, the prevalence of MetSyn tended to decrease (p < 0.05).

When observing the distribution of the PP intake (g/kg/d) expressed as % TP con-
sumption (g/kg/d) by age class and the presence of MetSyn and the risk of NCDs, the
consumption of PP above 40% of TP showed a protective effect only in old individuals
(Figure 3b).

Tables 2 and 3 show the distribution of adipokine leptin and cytokines by sex, age class,
and the quintile category of average protein intake (g/kg/d) and the correlations between
the parameters of interest. Obviously, being produced by FM, a statistically significant
difference (p = 0.001) was revealed by sex in the leptin circulating levels. Despite this, in
the overall sample, leptin resulted in being inversely correlated with PP and fiber intakes,
probably due to the high inverse correlation observed between BMI and these plant foods
components (Table 3). Moreover, leptin was correlated with the adipo-myokines TNF-α
and IL-6, but not with IL-15 (Table 3), probably produced from muscle mass rather than
from fat mass.
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Table 2. Concentration of leptin and cytokines by sex, age class, and quintile category of average
protein consumption.

Quintiles of Protein Intake by
Sex and Age

Leptin
pg/mL

TNF-α
pg/mL

IL-6
pg/mL

IL-15
pg/mL

Men < 60 years (overall) 6414 ± 2755 1.31 ± 0.11 * 1.30 ± 0.30 * 4.05 ± 0.18
Q1:0.623 (g/kg/d) 8093 ± 5719 1.12 ± 0.23 a 1.48 ± 0.63 ab 4.59 ± 0.38 bc

Q2:0.823 9899 ± 5537 1.28 ± 0.21 ab 1.03 ± 0.61 a 4.33 ± 0.37 ab

Q3:0.975 6831 ± 7004 1.55 ± 0.28 b 1.73 ± 0.77 bc 3.79 ± 0.46 a

Q4:1.182 5967 ± 5119 1.37 ± 0.23 ab 1.04 ± 0.63 a 3.94 ± 0.38 ab

Q5:1.518 3280 ± 6678 1.23 ± 0.27 ab 1.22 ± 0.74 ab 3.59 ± 0.44 a

Men ≥ 60 years (overall) 10,124 ± 3380 2.05 ± 0.14 ** 2.70 ± 0.37 ** 4.65 ± 0.22
Q1:0.623 (g/kg/d) 11,159 ± 6143 2.53 ± 0.25 c 2.27 ± 0.68 bc 4.47 ± 0.40 bc

Q2:0.823 8453 ± 5919 1.82 ± 0.24 bc 2.73 ± 0.65 bc 4.25 ± 0.39 bc

Q3:0.975 11,424 ± 6678 2.14 ± 0.27 bc 3.24 ± 0.73 c 5.19 ± 0.44 c

Q4:1.182 7700 ± 9905 2.00 ± 0.40 bc 1.75 ± 1.09 bc 5.35 ± 0.66 c

Q5:1.518 11,889 ± 8371 1.76 ± 0.34 bc 3.48 ± 0.92 c 3.97 ± 0.56 ab

Women < 60 years (overall) 26,698 ± 1812 1.25 ± 0.07 * 1.17 ± 0.20 * 4.34 ± 0.12
Q1:0.623 (g/kg/d) 29,923 ± 4344 1.35 ± 0.18 ab 1.17 ± 0.48 ab 4.63 ± 0.29 bc

Q2:0.823 31,620 ± 4113 1.27 ± 0.17 ab 1.43 ± 0.45 ab 4.37 ± 0.26 bc

Q3:0.975 34,565 ± 4186 1.32 ± 0.17 ab 1.16 ± 0.46 ab 4.46 ± 0.27 bc

Q4:1.182 19,404 ± 3978 1.05 ± 0.16 a 1.11 ± 0.44 ab 4.05 ± 0.27 bc

Q5:1.518 17,979 ± 3593 1.22 ± 0.15 ab 0.99 ± 0.40 a 4.26 ± 0.24 bc

Women ≥ 60 years (overall) 33,343 ± 2652 1.68 ± 0.11 ** 3.46 ± 0.29 ** 4.10 ± 0.18
Q1:0.623 (g/kg/d) 43,978 ± 6143 1.40 ± 0.25 b 3.24 ± 0.66 c 4.14 ± 0.41 bc

Q2:0.823 43,290 ± 7004 2.13 ± 0.28 c 2.16 ± 0.77 bc 4.48 ± 0.46 bc

Q3:0.975 30,259 ± 5081 1.54 ± 0.21 b 1.6 ± 0.56 bc 4.53 ± 0.35 bc

Q4:1.182 25,625 ± 5221 1.61 ± 0.21 bc 2.97 ± 0.57 c 3.58 ± 0.21 a

Q5:1.518 23,560 ± 5919 1.72 ± 0.24 bc 7.35 ± 0.65 d 3.77 ± 0.39 ab

Three Way ANOVA abcd: significant differences (p < 0.05) between different letters by quintile; (* vs. **) by age.

Table 3. Pearson correlation matrix.

BMI (kg/m2) Age (Years) Leptin (pg/mL) TNF-α (pg/mL) IL-6 (pg/mL) IL-15 (pg/mL)

AP (g/d/kg) −0.228
p < 0.001 n.s. n.s. n.s. n.s. n.s.

PP (g/d/kg) −0.489 −0.114 −0.235 −0.119
p < 0.001 p = 0.034 p < 0.001 p = 0.027 n.s. n.s.

Fibre (g/d) −0.160 −0.162
p = 0.003 n.s. p = 0.003 n.s. n.s. n.s.

Leptin (pg/mL) 0.535 0.123 0.137
p < 0.001 n.s. p = 0.022 p = 0.011 n.s.

TNF-α (pg/mL) 0.161 0.301 0.123 0.224
p = 0.003 <0.001 p = 0.022 p < 0.001 n.s.

IL-6 (pg/mL) 0.341 0.137 0.224
n.s. <0.001 p = 0.011 p < 0.001 n.s.

IL-15 (pg/mL) 0.135
n.s. p = 0.012 n.s. n.s. n.s.

n.s. = not significant.
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On the other hand, TNF-α and IL-6 were also markers of low-grade systemic inflam-
mation and were correlated in our population (Table 3). Concerning these inflammatory
cytokines, a statistically significant interaction among sex, age class, and the quintiles of
TP was found (Table 2). The lower and higher TNF-α mean concentrations were found in
women < 60 years—Q4 TP intake (1.05 ± 0.16 pg/mL) and men ≥ 60 years—Q1 TP intake
(2.53 ± 0.25 pg/mL), respectively (Table 2). On the contrary, the lower mean level of IL-6
(1.03 ± 0.61 pg/mL) was found in men < 60 years—Q2 TP intake and the higher mean level
(7.35 ± 0.65 pg/mL) in women ≥ 60 years—Q5 TP intake (Table 2). Moreover, TNF-α was
inversely correlated with PP intake (Table 3).

Regarding the cytokine IL-15, no gender and age differences were found among
the quintiles, but we found a statistically significant interaction between sex and age
class (p = 0.018), with major differences between men (5.35 ± 0.66 pg/mL) and women
(3.58 ± 0.21 pg/mL) within the age class ≥60 years and the Q4 TP (Table 2), whereas no
relationship was found with PP and fiber intakes, as well as with other cytokines, leptin,
and BMI (Table 3). As reported in Table 3, IL-15 was only related to age, but the correlation
was greater for TNF- α and IL-6.

The relationship between dietary intake and health is very complex to study because
the dietary exposure comprises a lot of different nutrients and other bioactive constituents
acting synergistically as well as in opposition with each other and their interactions cannot
be understood by studying the effects of single dietary components. Therefore, to identify
associations among the studied biochemical variables, the macronutrient dietary pattern
relating to consumption and healthy outcomes was carried out using a multivariate analysis
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by principal component analysis. In our study, the PC1, PC2, and PC3 represent 21.45%,
14.53%, and 12.87% of the system variance, and based on eigenvalues >1.5 the 76.74%
of variance was reached and enables us to discriminate the health of younger and older
subjects (Figure 4) based on dietary pattern, biochemical markers of inflammation, and the
presence of unhealthy conditions.
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3. Discussion

Our work examined the dietary intake and biological markers of inflammation related
to the risk of NCDs in an Italian population group. Although our results concerned an
observational study conducted on a population group living in the center of Italy and thus
could not be generalized to all, we were able to identify some linkages among different
health outcomes and prevailing eating habits. The first and most important consideration is
about the studied population: we found only 15% healthy subjects. Significant differences
in the consumption of AP and PP such as fiber intake by sex, age class, and different
quintiles of average protein intake (g/kg/d) were found. In healthy subjects, the prefer-
ence towards plant protein was prevalent and this diversity of the protein fraction could
make the difference concerning the different compositions of amino acids, in addition to
suggesting that the consumption of vegetable proteins provides other specific non-protein
compounds of nutritional interest and potential beneficial effects [12]. The human body is
made up of thousands of different proteins, each with a specific function. Proteins set up
the structural components of our cells and tissues as well as many enzymes, hormones, and
the active proteins secreted from immune cells. Proteins are essential for life because they
supply the essential amino acids needed for the growth and maintenance of our cells and
tissues, and their requirements in turn depend on our stage of life. If people consume a var-
ied diet with respect to the total amount of protein that meets their daily needs, the quality
and digestibility of the eaten proteins should not be a concern [13]. Our data indicate that
the PP consumption above 40% of one’s total daily amount is protective against metabolic
risks, despite Li and Wu’s research [14], which indicated the pivotal role of functional
AA (e.g., arginine, cysteine, glutamate, glutamine, glycine, taurine, and tryptophan) and
glutathione, abundant in animal-sourced foodstuffs, for optimizing immunity and health
in humans. As people eat foods and not nutrients, we should choose protein-rich foods
that not only provide essential amino acids but also support a healthy and sustainable
diet. In fact, consumption patterns depend on income, prices, individual preferences and
beliefs, cultural traditions, as well as geographical, environmental, social, and economic
factors. The COVID-19 health emergencies and the failure to avoid the increase of chronic
diseases by preventing risk factors have a devastating result on vulnerable populations,
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and as is well-known, protein-related nutritional deficiencies cause fragility and make
individuals more susceptible to certain diseases, particularly infectious diseases, such as
pneumonia in the cold seasons. Even though some diet–disease relationships are diffi-
cult to identify within a single population, diet may strongly influence the average risk
of disease occurrence within that population. Moreover, studying global diet markers
instead of investigating isolated nutrients helps to understand the factors that contribute
to NCDs, thus enabling an investigation of the association between dietary patterns and
the indices that evaluate the quality of the diet with inflammatory markers. There is
a large consensus that healthy dietary patterns exhibit an inverse relationship with the
circulating levels of inflammatory biomarkers [15]. A high intake of vegetables, whole
grain cereals, fruits, chestnuts, fish, and olive oil together with a low consumption of meat,
sugary drinks, processed foods, and saturated fat represent a dietary pattern capable of
counteracting the inflammatory state and reducing the risk of NCDs [16]. Additionally, the
daily consumption of fruits and vegetables in an adequate amount can reduce oxidative
stress and low-grade inflammation markers [17]. We found a significant positive correlation
between PP and fiber consumption, both negatively correlated with circulating leptin levels
(p < 0.05). Furthermore, the same trend, not statistically significant, was observed in the
average circulating leptin levels in the adult groups and older women according to protein
quintiles, with leptin tending to decrease as the quintile of protein consumption increases.
A systematic review and meta-analysis of randomized controlled trials studied the effect of
dietary fiber on serum leptin level and found that dietary fiber could lower serum leptin
levels in an obese sample [18]. Circulating levels of leptin were significantly higher in sub-
jects with a high risk of CV and who were affected by MetSyn and hypertension. An expert
opinion elucidating the different impacts of animal vs. plant protein towards modifying
the cardiometabolic risk factors by observational and interventional studies confirmed
that increasing protein intake, especially plant-based proteins, and certain animal-based
proteins (poultry, fish, unprocessed red meat low in saturated fats, and low-fat dairy prod-
ucts) have a positive effect [19]. Our findings indicated a positive significant correlation
among circulating levels of IL-6 with TNF-α (p < 0.05) as well as a tendency towards higher
values for IL-6 and TNF-α in older adults. Several studies reported that the age-related
NF-κB-signaling upregulation of proinflammatory gene expression could lead to a release
of proinflammatory mediators called the senescence-associated secretome, particularly
IL-6, which we also found to be remarkably higher, and in TNF-α to a lesser extent [20].
In addition, Franceschi et al. reported that unpredictable, persistent, and increasing evolu-
tionary exposure to a variety of external and internal stressors that occur with age activates
innate and adaptive immune pathways involved in the inflammatory response, which
also involves muscle and adipose tissue [21]. Older people often have multimorbidity and
frailty associated with inflammation. Recent data suggest that inflammation is fueled by a
variety of gut microbiota-derived stimuli and by the continued production of potentially
inflammatory molecules released/secreted as a consequence of cell death and organelle
dysfunction [22]. These physiological and vital phenomena for survival undergo a pro-
gressive increase with age until exerting age-related pathologies. In a systematic review
on the effect of nutrition on aging, Leitão et al. demonstrated the necessity of improving
dietary patterns to reducing the emergence and development of several comorbidities,
to promoting healthy aging, and increasing life expectancy as well as dietary patterns’
importance to the development of nutrition interventions that target aging-related biomark-
ers [23]. By principal component analysis, we were able to assess and demonstrate the
interconnection between nutrients, biochemical markers, and health. Our data emphasize
the strict relationship between consuming at least 40% of plant protein intake and health
outcomes in both adults and older adults than adequate intake. Recently, Simonson et al.
underlined the potential therapeutic effect of tuning the quality and quantity of proteins or
even specific amino-acids on the body composition and metabolic syndrome parameters of
obese patients [24]. Our data indicated the same trend in both age classes, where an increas-
ing quintile of protein intake corresponds to a decrease in HOMA-IR value. In line with the
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suggestion of Day et al., there is a need for further research and innovation to enhance and
explore the nutritional quality and healing potential of plant proteins and to focus on the
emerging technologies for improving their bioavailability, digestibility, and organoleptic
properties [25]. As recently reported by Branca and colleagues, the United Nations Decade
of Action on Nutrition, along with the 2030 Sustainable Development Agenda and Goals,
represent a great opportunity to cost-effectively improve diets, eliminate malnutrition,
reduce death and disability from NCDs, and promote sustainable development in addition
to mitigating the threats posed by future pandemics to vulnerable populations [26].

4. Materials and Methods
4.1. Study Population

The sample was recruited from March 2015 to October 2016 in a central geographic
area of Italy in the areas of Lazio and Abruzzo. The data were collected from July 2015
to December 2016. Study participants included 383 free-living volunteers (136 males and
247 females), aged 18 to 86 years. A complete clinical check-up including a full medical
assessment was performed on all subjects, as well as an assessment of drug use and blood
pressure. The volunteers were selected based on the absence of pathologies potentially
interfering with the parameters studied, and the absence of ascertained viral infections,
allergies, and food intolerances. Subjects who did not meet these criteria were excluded.
Among the recruited subjects, a high percentage of male volunteers chose not to join
the study.

After screening and the acceptance of blood withdrawal, 347 participants (119 men
and 228 women) were considered eligible. The study was conducted in accordance with
the Declaration of Helsinki on the performance of human trials, and participants provided
informed consent. The Ethics Committee of Lazio 2 approved the procedure as well as the
performance of this study.

4.2. Data Collection

All the enrolled volunteers’ food consumption, anthropometric measurements (weight,
height, and circumferences), and body compositions were evaluated. In addition, blood
sampling was carried out.

4.3. Food Consumption Assessment

The food consumption was determined by a validated food diary on four consecu-
tive days including the weekend. All consumed foods and beverages were recorded by
participants and the day after a dietician verified and checked the registration’s propriety.
Furthermore, to improve the accuracy on the estimation of the portions, a photo album was
used [27]. To calculate energy, macro and micronutrients from daily consumption Italian
Food Composition Tables were used [28].

According to the protein consumption pattern of our sample and The Dietary Ref-
erence Values of Nutrients and Energy for the Italian population (LARN) of 0.90 and 1.1
(g/kg/d) for adults and elderly, respectively, quintile categories of averaged protein intake
(g/kg/d) were calculated and resulted as follows: Q1:0.623, Q2:0.823, Q3:0.975, Q4:1.182,
and Q5:1.518 [29].

4.4. Anthropometric Measurements

Anthropometric measurements, including body weight, stature, circumferences, and
skinfold thicknesses, were assessed in accordance with the techniques described by
Lohman et al. [30]. Body weight was recorded to the nearest 0.01 kg using a calibrated dig-
ital balance (SECA 821); height was measured to the nearest 0.1 cm with a wall stadiometer
(SECA 225). The BMI was calculated by dividing the subject’s weight in kilograms by the
square of their height in meters (kg/m2) and subjects were classified into three groups
according to WHO criteria [31]. Waist and hip were measured using a flexible inelastic
tape to the nearest 0.1 cm. Waist circumference alone or in relation to hip circumference
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was used as an index of the distribution of adipose tissue and visceral obesity to obtain
indicators of NCD risk factors.

FM and FFM were derived by four skinfold thickness (biceps, triceps, subscapular,
and suprailiac) using Durnin and Womersley’s equations [32]. Body fat was calculated
using Siri’s formula [33]. Skinfold thicknesses were measured on the nondominant side
in triplicate to the nearest 0.2 mm with a calibrated Harpenden caliper according to the
standard procedure [30]. All measurements were made in each center by the same skilled
observer. Standard error of measurements ranged from 0.27–0.56 mm for skinfold thickness

4.5. Systolic and Diastolic Blood Pressure

Systolic and diastolic blood pressure was measured in mm Hg using Omron M6
(HEM-7001-E), after subjects had been resting for approximately 8–10 min.

4.6. Blood Collection and Analysis

Blood samples were drawn from the right antecubital vein after an overnight fast and
collected in EDTA- or heparin- containing tubes. The plasma was stored at −80 ◦C until
analysis. The assessments included a serum lipid profile (total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triacyl-
glycerol concentrations), glucose, insulin, leptin, IL-15, IL-6, and TNF-α levels. Clinical
chemistry determinations (ClinChem Control 1; Sentinel Diagnostics, Milan, Italy) were
performed using enzymatic tests (Sentinel Diagnostics, Milano, Italy). Insulin levels were
measured by enzyme-linked immunosorbent assay commercial kits (DRG International,
Inc., Springfield, NJ, USA; BD Biosciences ELISA reagent, San Jose, CA, USA; and Boster
Biological Technology, Ltd., Pleasanton, CA, USA). Plasma cytokine levels were assessed
using multiplex bead assay (Bio-Rad Laboratories, Hercules, CA, USA and EMD, Bioscience
Research Reagents, Temecula, CA, USA).

4.7. Cardio-Metabolic Risk Evaluations

The HOMA-IR was used to assess insulin resistance. HOMA-IR was calculated by
multiplying fasting plasma insulin (mU/L) by fasting plasma glucose (mg/dL) and then
dividing by the constant 405, and a HOMA-IR value > 2.5 was considered to be indicative
of insulin resistance [34,35].

Risk of NCDs (Disease risk for type 2 diabetes, hypertension, and CVD); medium risk
presence of BMI 25.0–29.9 kg/m2 and waist circumference (≥88 cm women. ≥102 cm men);
high risk presence of BMI ≥ 30 kg/m2 and waist circumference (≥88 cm women. ≥102 cm
men) [36].

MetSyn was defined as having at least three of the following five components: elevated
waist circumference (≥88 cm women. ≥102 cm men), elevated triglycerides (≥150 mg/dL)
or drug treatment for hypertriglyceridemia, low HDL cholesterol (<40 mg/dL male;
<50 mg/dL female), high blood pressure (systolic ≥ 130 mm Hg or diastolic ≥ 85 mm
Hg) or hypertensive drug treatment, and high fasting glucose (>100 mg/dL) or drug
treatment for hyperglycemia [37].

Dyslipidemia was defined as total cholesterol (≥200 mg/d), hypertriglyceridemia
(≥150 mg/dL, Low HDL cholesterol (<40 mg/dL male; <50 mg/dL female), or antilipi-
demic treatment [38].

Hypertension was defined as systolic pressure≥ 130 mm Hg or diastolic pressure ≥ 85 mm
Hg) or hypertensive drug treatment [39]

4.8. Statistical Analysis

Data are presented as mean ± standard deviation and mean ± sem. Normality tests
were performed using the Kolmogorov–Smirnov test. Pearson’s correlation was used to
determine the association between continuous variables and multiple comparison was
performed by ANOVA with post hoc correction by Bonferroni test. χ2 test was also applied
(StatSoft® STATISTICA 8 for Windows (StatSoft. Italia Srl, Vigonza, Italy). Values of
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p < 0.05 were considered statistically significant. Principal component analysis (PCA) was
performed to evaluate the variables’ relationships among the study subjects. PCA was
performed based on the individual dietary patterns, biochemical parameters, and health
outcomes, and based on eigenvalues >1.0 the extracted factors explained 76.74% of variance
using PAST (PAleontological STatis-tics).
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