H

oy metabolites

LU

Article

Protein Intake Is Associated with Blood Pressure
and Cholesterol Levels in Italian Older Adults: A
Cross-Sectional Study

Hélio José Coelho-Junior
Francesco Landi 12*

check for
updates

Citation: Coelho-Junior, H.J.; Calvani,
R.; Picca, A.; Tosato, M.; Savera, G.;
Landi, F.; Marzetti, E. Protein Intake
Is Associated with Blood Pressure
and Cholesterol Levels in Italian
Older Adults: A Cross-Sectional
Study. Metabolites 2023, 13, 431.
https://doi.org/10.3390/
metabo13030431

Academic Editor: Cholsoon Jang

Received: 13 February 2023
Revised: 13 March 2023
Accepted: 14 March 2023
Published: 16 March 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1@, Riccardo Calvani

and Emanuele Marzetti 12

1

2,0, Anna Picca 2300, Matteo Tosato 2, Giulia Savera 1,

Department of Geriatrics and Orthopedics, Universita Cattolica del Sacro Cuore, 00168 Rome, Italy;
coelhojunior@hotmail.com.br (H.].C.-].); giuliasaveral@gmail.com (G.S.);
emanuele.marzetti@policlinicogemelli.it (E.M.)

2 Fondazione Policlinico Universitario “A. Gemelli”, IRCCS, 00168 Rome, Italy; picca@lum.it (A.P);
matteo.tosato@policlinicogemelli.it (M.T.)

Department of Medicine and Surgery, LUM University, 70100 Casamassima, Italy

*  Correspondence: riccardo.calvani@policlinicogemelli.it (R.C.); francesco.landi@unicatt.it (F.L.);
Tel.: +39-06-3015-4859 (R.C. & F.L.)

Abstract: The present study was conducted to test the association between protein intake and blood
pressure, glucose levels, and blood cholesterol in a large sample of Italian older adults. Longevity
Check-up 7+ (Lookup 7+) is an ongoing project that started in June 2015. The project is conducted
in unconventional settings (e.g., exhibitions, malls, health promotion campaigns) across Italy with
the aim of fostering adoption of healthy lifestyles in the general population. For the present study,
participants were eligible if they were 65+ years and provided written informed consent. Systolic
(SBP) and diastolic blood pressure (DBP), and blood glucose and cholesterol levels were assessed.
Protein intake was estimated using a 12-item food frequency questionnaire. Three-thousand four-
hundred and four older adults were included in the study. The results of the linear regression showed
an inverse association between protein intake (as a continuous variable) and DBP, and a positive
correlation with blood cholesterol levels. The findings of the present study indicate that a high intake
of protein was negatively associated with DBP and positively associated with total blood cholesterol
levels in a large cohort of Italian older adults, after adjustment for numerous covariates.
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1. Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality globally,
with a yearly death toll of almost 20 million [1]. The incidence of CVD increases with age,
such that more than 70% of those aged 60+ years are affected [2,3]. The burden of CVD in
older adults is especially concerning given the association of CVD with hospitalization,
healthcare costs [2,3], and mortality [2,3]. The high prevalence of CVD in old age results
from both cardiovascular aging [4] and lifetime exposure to risk factors, such as high blood
pressure (BP), abnormal glucose metabolism, hyperlipidemia, environmental pollution,
and unhealthy behaviors [5].

Changes in lifestyle habits are a cornerstone in the prevention and management of car-
diometabolic diseases [6-8]. Studies have found that specific dietary patterns (e.g., Mediter-
ranean and DASH diets) may positively affect cardiovascular and metabolic parame-
ters [9,10]. However, differences in food availability and quality, as well as cooking meth-
ods, limit the widespread implementation of these nutritional regimens [11]. Individual
macronutrients also have an impact on cardiovascular health. Besides lipids and carbo-
hydrates, a high intake of dietary protein may increase the risk of CVD [12]. However,
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some amino acids (AAs) have hypotensive effects. For instance, L-arginine serves as a
substratum for nitric oxide production, which acts as a potent vasodilator [13]. Moreover,
an increased consumption of tyrosine is negatively associated with BP [14].

Studies on the relationship between high protein intake and cardiometabolic parame-
ters have produced mixed results [15-26]. Most of these findings were obtained in small
samples of adults from different age groups, while studies exclusively based on the old
population are scarce. Furthermore, high protein intake has been commonly defined as a
protein ingestion greater than the current recommended dietary allowance (RDA, >0.8 g of
protein per kg of body weight (BW) per day) [27,28]. However, these recommendations
have been questioned, given that the RDA is based on nitrogen balance studies and no
specific recommendations for older adults are available [27,28]. For this reason, several
investigations studies have estimated protein intake levels based on the dietary habits of
the studied population [26], using tertiles [14,19,23] or quintiles [21].

To expand the knowledge on the subject, the present study was conducted to test the
association between protein intake and cardiometabolic risk factors, including BP, glucose
levels, and blood cholesterol, in a relatively large sample of Italian older adults. We also
explored the relationship between cardiometabolic risk factors and high protein ingestion
estimated according to tertiles and quintiles to identify values of protein intake associated
with cardiometabolic health.

2. Experimental Design

Data of the present investigation were gathered from the Longevity Check-up 7+
(Lookup 7+) project database. Sampling characteristics, procedures, and other results have
been published elsewhere [29-34]. Lookup 7+ is an ongoing initiative developed by the
Department of Geriatrics of the Fondazione Policlinico “Agostino Gemelli” IRCCS at the
Universita Cattolica del Sacro Cuore (Rome, Italy). The project was designed to foster
healthy and active aging by raising awareness among the general public on the importance
of modifiable risk factors for chronic diseases [29-34].

Recruitment was conducted among people visiting public spaces (e.g., exhibitions,
shopping centers) and those adhering to prevention campaigns promoted by our institution.
As previously described, recruitment activities were carried out in small (<100,000 inhab-
itants), medium (100,000-250,000 inhabitants), and large cities (>250,000 inhabitants) to
achieve a comprehensive geographic coverage of mainland Italy and major islands [29]. In
large cities, participants were recruited in different locations to maximize the representa-
tion of the sociodemographic characteristics of inhabitants. The Lookup 7+ protocol was
approved by the Ethics Committee of the Universita Cattolica del Sacro Cuore (protocol #:
A.1220/CE/2011) and each participant provided written informed consent prior to enrol-
ment. The manuscript was prepared in compliance with the STrengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines for observational studies [35].

3. Procedure
3.1. Participants

From 1 June 2015 to 31 October 2021, 13,515 community-dwelling adults aged 18+ years
participated in the study. Exclusion criteria were inability or unwillingness to provide
written informed consent, self-reported pregnancy, and inability to perform the physical
function tests as per the study protocol. For the present investigation, only people aged
65+ years, with body mass index (BMI) values >18.5 kg/m? and no missing data for the
study variables, were included, totaling 3404 participants (10,111 excluded).

Each participant received a structured interview to collect information on lifestyle
habits, followed by measurement of anthropometric parameters, including height and
weight. The BMI was calculated as the ratio between body weight (kg) and the square
of height (m?). An oscillometric monitor was used to measure BP (Omron M6 electronic
sphygmomanometer, Omron, Kyoto, Japan) [36]. Glucose levels and total blood cholesterol
were measured from capillary blood samples using disposable electrode strips based
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on a reflectometric system with a portable device (MultiCare-In, Biomedical Systems
International Srl, Florence, Italy) [37]. Participants were asked if they were fasting for
at least 8 h. A food frequency questionnaire (FFQ) adapted from Landi et al. [37] was
used to collect information on how often in a week participants consumed a standardized
portion size of a list of 12 foods, including meat, meat derivatives, fish, eggs, milk, cheese,
yogurt, pasta, bread, rice, vegetables, and cereals. Portion size was estimated based on the
Italian standard portion reference [37]. The mean daily intake of protein was calculated
by multiplying the consumption frequency of a food item by the protein content of its
standard portion [37], then dividing by seven (the days of a week), followed by the sum of
all applicable items. Smoking status was defined as follows: current smoker (has smoked
100+ cigarettes in lifetime and currently smokes cigarettes), and no current smoker. Regular
participation in physical activity was considered as involvement in leisure-time physical
activity at least twice a week, 30 min per session, during the past year [37]. Accordingly,
participants were considered either physically active or inactive. Participants provided
information on the use of antihypertensive, cholesterol-lowering, and antidiabetic drugs.

3.2. Statistical Analysis

The normal distribution of variables was ascertained via the Shapiro-Wilk test. Contin-
uous variables are expressed as the mean =+ standard deviation (SD) or absolute numbers,
percentages. Tertiles and quintiles for BW-adjusted daily protein intake were: <0.79,
0.80-0.99, and >1.00; and <0.42, 0.43-0.52, 0.53-0.60, 0.61-0.70, and >0.71. Regression
analysis was conducted to test the association between protein intake and cardiometabolic
risk factors. Scatterplots were constructed using the variables significantly associated. Pear-
son’s correlation was conducted to quantify the association among the variables analyzed
in the Scatterplots. The final model was adjusted for age, sex, BMI, energy intake, sodium,
potassium, calcium, magnesium, physical activity, active smoking, fasting state (blood glu-
cose), and antihypertensive (for systolic (SBP) and diastolic BP (DBP)), cholesterol-lowering
(for total blood cholesterol), and antidiabetic (for blood glucose) drugs.

Significance was set at 5% (p < 0.05) for all tests. All analyses were performed using
the SPSS software (version 23.0, SPSS Inc., Chicago, IL, USA).

4. Results

Three-thousand four-hundred and four older adults were analyzed in the present study.
The main characteristics of participants according to quintiles and tertiles of protein intake
are shown in Tables 1 and 2, respectively. SBP (range 90—200 mmHg), DBP (50—70 mmHg),
and BMI (18.5—-32.0 kg/ mz) were within normal ranges. The studied characteristics did
not differ depending on the method used to categorize protein intake. Those in the highest
tertile (>1.0 g/kg BW/day) and quintiles (0.61—0.70 and >0.71 g/kg BW/day) of protein
intake were older than participants with lower consumption. Energy and micronutrient
intake parameters increased across tertiles and quintiles of protein consumption. In contrast,
protein intake was inversely related to BMI values.

Table 1. Main characteristics of study participants according to quintiles of daily protein intake (1 = 3404).

Quintiles of Daily Protein Intake (g/kg of Body Weight)

<0.42 (n=681) 0.43—0.52 (2 =680) 0.53—0.60 (2 =682) 0.61—0.70 (1 = 680) >0.71 (n = 681)

Age, years
Weight, kg
Height, m
BMI, kg /m?
Sex, female
Energy intake, kcal
Protein, g
Protein, g/kg

721454 72.6 + 5.8 72.7 +5.7 7314562 7314572
79.3 + 13.4 747 +12.62 71.3 +10.9 @b 67.9 + 10.5 abe 60.6 + 9.8 abed
1.66 + 0.9 1.65 + 0.9 1.63 + 0.8 1.61 £ 0.9 abe 1.58 =+ (.8 abed
28.6 + 4.4 27.1+4.12 265+ 3.630 25.9 + 3.5 abc 24.0 + 3.2 abed
295, 43.3 290, 42.6 357,52.3 405, 59.5 528,77.5*
388.1 + 104.6 4922 + 9522 546.7 + 98.3 ab 612.2 + 103.9 abe 688.4 + 124.8 abed
272+ 63 350+ 592 39.7 + 6,030 44.6 + 7.0 3bc 51.9 + 8.6 abed
0.34 + 0.06 0.47 +0.022 0.56 + 0.02 ab 0.65 =+ 0.02 abc 0.85 + 0.14 abed
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Table 1. Cont.

Quintiles of Daily Protein Intake (g/kg of Body Weight)
0.43—0.52 (2 = 680)  0.53—0.60 (2 = 682) 0.61—0.70 (1 = 680)

<0.42 (n = 681) >0.71 (n = 681)

Calcium, mg 178.3 4 100.9 235.0 £107.6 2 284.0 + 116.22b 331.7 £ 120.73b¢ 383,54 126.4 2bcd
Magnesium, mg 32.6 + 10.0 39.6 +10.0 2 44.0 £9.82 48.3 4 10.3 ab¢ 54.3 4 11.2 abed
Sodium, mg 417.2 £195.4 559.1 £ 217.32 619.7 4 230.9 2 722.7 £251.53¢ 8259 4 317.1 abed
Potassium, mg 356.9 + 100.4 449.4 4+ 102.6 2 503.7 & 104.3 2b 555.9 +118.13¢  641.6 4 144.3 2bed
SBP, mmHg 130.9 + 15.0 1304 + 14.9 131.7 + 17.0 1302 + 16.0 130.0 + 17.2
DBP, mmHg 764+ 9.3 76.5+9.8 76.3 + 9.5 75.6 + 9.4 74.6 + 9.7 2b¢
Total blood 199.3 + 34.3 196.8 + 332 196.9 + 31.4 201.3 + 315 205.4 + 33.8 abe
cholesterol, mg/dL
Blood glucose, mg/dL  107.7 4 27.0 107.7 + 26.0 107.2 + 25.5 1055 + 225 105.4 + 24.8
Smoking, yes 105, 15.4 101, 14.8 84,12.3 88,12.4 71,104 *
Physical activity, yes 135,19.8 167,245 182,26.6 165, 24.2 164, 24.0 *
Antihypertensive 405,12.0 377,112 373,11.1 355,10.5 310,9.2*
drug(s), yes
Cholesterol-lowering 235,34.5 230, 33.8 232,34.0 218,32.0 209, 30.6
drug(s), yes
Antidiabetic 65,9.5 63,9.2 53,7.7 58,8.5 40,58

drug(s), yes

Data are shown as mean =+ standard deviation or absolute number, percentage. 2 p < 0.05 vs. p < 0.42,% p < 0.05 vs.
0.43-0.52, ¢ p < 0.05 vs. 0.53—0.60, 4 p < 0.05 vs. 0.61-0.70. * p < 0.05 according to chi-square tests. Abbreviations:
BMI, body mass index, DBP, diastolic blood pressure, SPB, systolic blood pressure.

Table 2. Main characteristics of study participants according to tertiles of daily protein intake (1 = 3404).

Tertiles of Daily Protein Intake (g/kg of Body Weight)
<0.79 (n = 2993) 0.80—0.99 (1 = 304) >1.00 (n = 107)

Age, years 72.6 5.6 729 +5.8 74.6 + 6.53b
Weight, kg 725+ 12.6 599 +8.72 52,5 +75ab
Height, m 1.64 +£09 158 +0.72 1.55 + 0.8 ab
BMI, kg/m? 26.8 £4.0 238+31%° 21.7 £2.8%
Sex, female 1526, 50.9 237,779 87,81.3*
Energy intake, kcal 521.0 £ 1334 695.0 +£11892 791.2 + 117.1 2
Protein, g 37.6 £9.4 522+792 59.8 +8.73b
Protein, g/kg 0.52 +0.13 0.87 £ 0.052 1.14 £0.14 3
Calcium, mg 266.0 + 128.3 381.5+125.22 457.9 +110.3 2
Magnesium, mg 420+ 11.8 54.0 +10.82 62.9 + 9.8 b
Sodium, mg 595.3 £ 259.4 833.2 +306.52 962.2 + 363.8 ab
Potassium, mg 477.4 + 133.9 646.7 +139.6 @ 739.1 + 146.9 ab
SBP, mmHg 130.7 £ 15.8 129.2 +16.3 131.2 +18.4
DBP, mmHg 76.1 9.5 741 +9.32 74.6 +10.2
Total blood cholesterol, mg/dL 199.1 £ 32.7 205.7 +33.72 209.6 + 35.92b
Blood glucose, mg/dL 106.9 £+ 25.1 104.0 £21.3 108.9 £+ 37.7
Smoking, yes 404,13.4 35,11.5 7,6.5
Physical activity, yes 714,23.8 65,21.3 24,224
Antihypertensive drug(s), yes 1631,55.5 137,45.0 32,30.0*
Cholesterol-lowering drug(s), yes 997, 33.3 85, 30.0 31,29.0
Antidiabetic drug(s), yes 252,8.4 16,5.2 10,9.3

Data are shown as mean + standard deviation or absolute number, percentage. ® p < 0.05 vs. p < 0.79,° p < 0.05
vs. 0.80-0.99. * p < 0.05 according to chi-square tests. Abbreviations: BMI, body mass index, DBP, diastolic blood
pressure, SPB, systolic blood pressure.
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4.1. Association of Protein Intake with Cardiovascular Risk Factors

Specific patterns of associations were observed between protein intake and car-
diometabolic parameters. When participants were stratified according to quintiles of
protein intake, those who consumed >0.71 g/kg BW/day had lower DBP values and higher
blood cholesterol levels in comparison with all other groups. When participants were strat-
ified in tertiles, those with a protein consumption of 0.80—0.99 g/kg BW/day showed
higher blood cholesterol levels than participants with an intake <0.79 g/kg BW/day. Par-
ticipants who consumed >1.00 g/kg BW /day had higher blood cholesterol levels when
compared with the other two groups. DBP values were lower in participants with a protein
intake of 0.80—0.99 g/kg BW/day than in those in the lowest tertile. No differences in
DBP were observed among participants with a protein consumption >1.00 g/kg BW/day
and the other protein ingestion groups. Sex distribution and the use of antihypertensive
medications differed across tertiles and quintiles of protein intake, whereas smoking and
physical activity habits differed according to quintiles.

4.2. Linear Regression

Results of the linear regression analysis for the association between protein intake and
BP, total blood cholesterol, and glucose levels are shown in Tables 3-5, respectively. Protein
intake classified according to either quintiles or tertiles was not significantly associated
with SBP, DBP, blood cholesterol, or glucose levels after adjusting for covariates. However,
an inverse association with DBP ( = —4.925; 95% confidence interval (CI) —9.455, —0.394)
and a positive correlation with blood cholesterol levels (3 = 17.139; 95% CI 2.021, 32.256)
were found when protein intake was analyzed as a continuous variable. Figure 1 shows
scatterplots for the associations between protein intake and DBP (Figure 1a) and total blood
cholesterol (Figure 1b).

N

o

o
|

r=-0.72
P=0.001

350 —
300 -
250 —
200 —
150 —
100 -

Total Blood Cholesterol (mg/dL})

0 05

Protein intake (g/'kg of Body Weight)

| | I ! | | | | | |
1T 15 2 25 0O 05 1 15 2 25

Protein intake (g/kg of Body Weight)

Figure 1. Scatter plot of the association between daily protein intake and (a) diastolic blood pressure
and (b) total blood cholesterol.
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Table 3. Association between protein intake and blood pressure.
Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted *
B (95% CI) 3 (95% CI) 3 (95% CI) 3 (95% CI) 3 (95% CI) 3 (95% CI) B (95% CI) B (95% CI)
SPB, mmHg
<042 g/kg 1.0 1.0 <0.79 g/kg 1.0 1.0 0.80—0.99 1.0 1.0 m:; E;t:?kg (jl'féj (:é'ggé
of BW (Reference) (Reference) of BW (Reference) (Reference) g/kg of BW (Reference) (Reference) of BW 1339) 5.531)
>071 g/kg —0.227 —0.284 >1.00 g/kg —0.427 1.031 >1.00 g/kg —0.183 0.287
of BW (—0.667, (—1.332, of BW (—1.705, (—1.488, of BW (—1.149, (—0.891,
0.212) 0.764) 0.851) 3.549) 0.782) 1.464)
DBP, mmHg
<042 g/kg 1.0 1.0 <0.79 g/kg 1.0 1.0 0.80—0.99 1.0 1.0 intl; lr(‘;teg“/‘kg (:g'ggé :;?ég
of BW (Reference) (Reference) of BW (Reference) (Reference) g/kg of BW (Reference) (Reference) of BW _1.943) —0.394)
—0.437 —0.236 —1.259 3.258 —0.838 —0.168
> > >
—O(')?B%ékg (—0.696, (—0.864, —{')?%%kg (—2.025, (—0.009, —1(')(;03%1‘55 (—1.417, (—0.877,
—0.178) 0.392) —0.494) 6.525) —0.259) 0.542)
* Models were adjusted for age, sex, body mass index, energy intake, sodium, potassium, calcium, magnesium, physical activity, active smoking, and antihypertensive therapy.
Abbreviations: BMI, body mass index, BW, body weight, CI, confidence interval, DBP, diastolic blood pressure, SPB, systolic blood pressure.
Table 4. Association between protein intake and total blood cholesterol.
Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted *
B (95% CI) B (95% CI) 3 (95% CI) B (95% CI) 3 (95% CI) B (95% CI) 3 (95% CI) 3 (95% CI)
Cholesterol,
mg/dL
<042 g/kg 1.0 1.0 <0.79 g/kg 1.0 1.0 0.80—0.99 1.0 1.0 intzlr(‘:e“/‘k 14.085 (8.188, 17.139 (2.021,
of BW (Reference) (Reference) of BW (Reference) (Reference) g/kg of BW (Reference) (Reference) of é‘%\] 8 19.983) 32.256)
>071g/kg  1.521(0.595, (:g-gzi >1.00g/kg  5.818(3.174, (:%g >1.00g/kg  4.122(2.212, ( _2518(1)2
of BW 2.446) 1.298) of BW 8.462) 0.546) of BW 6.218) 4812)

* Models were adjusted for age, sex, body mass index, energy intake, physical activity, active smoking, cholesterol-lowering therapy. Abbreviations: BMI, body mass index, BW, body

weight, CI, confidence interval.
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Table 5. Association between protein intake and blood glucose.

Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted * Unadjusted Adjusted *
B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Glucose,
mg/dL
<042 g/kg 1.0 1.0 <0.79 g/kg 1.0 1.0 0.80—0.99 1.0 1.0 intzlr(‘:e“/‘k (:Aé'zi‘i (__17 é346722
of BW (Reference) (Reference) of BW (Reference) (Reference) g/kg of BW (Reference) (Reference) of é‘%\] 8 0 0'73) ’ 3 748) ’
—0.579 0.078 —0.560 0.412 —0.116 0.624
ZO'?B%ékg (~1.275, (—1.475, Zl'?%%ékg (~2.561, (—1.189, 21'?03%6@ (~1.627, (—1.142,
© 0.116) 1.630) © 1.441) 2.012) © 1.396) 2.391)

* Models were adjusted for age, sex, body mass index, energy intake, physical activity, active smoking, fasting state, and antidiabetic (for blood glucose) therapy. Abbreviations: BMI,
body mass index, BW, body weight, CI, confidence interval.
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5. Discussion

The findings of the present study indicate that a high intake of protein is negatively
associated with DBP and positively correlated with blood cholesterol levels in a large and
relatively unselected sample of Italian older adults. These associations were significant
when protein intake was analyzed as a continuous variable, but not when quintiles or
tertiles of protein of intake were used.

Some studies that have investigated the relationship between protein consumption
and BP support our results. Mente et al. [25] examined more than 100,000 individuals from
18 countries and found that a high protein intake was negatively associated with BP. Similar
findings were reported by other investigations that also assessed large cohorts, such as the
INTERSALT [15] and Framingham [16,19] studies. Umesawa et al. [38] observed similar
patterns of associations in an Asian population.

However, other studies found no significant associations between protein intake and
BP-related parameters. For instance, absolute protein intake was found to be unrelated
to age-related changes in BP and hypertension incidence in Dutch adults [21,22]. Similar
findings were reported by Liu et al. [24] regarding the prevalence of hypertension in
poorly nourished rural Chinese people. Increased protein intake also failed to ameliorate
hemodynamic parameters in randomized clinical trials. Indeed, Hodgson et al. [39] did not
find differences in BP values between older adults on protein supplementation or isocaloric
supplement for two years.

Differences across studies might be attributed to sample characteristics (e.g., age, sex
distribution) [15], amount and quality of dietary protein [23,38,40], hypertension status [21],
and the covariables used to adjust the analyses [19,21,23,40]. Interestingly, stronger asso-
ciations between BP and protein consumption have been observed in older women [15]
with untreated hypertension [21]. In contrast, the present study examined a cohort of
young older adults [8], prevalently composed of men with BMI and BP levels within
normal ranges.

An interesting scenario was recently offered by He et al. [40], who found a U-shaped
relationship between protein consumption and hypertension, with the lowest prevalence
of hypertension in individuals with the highest protein intake. Mehrabani et al. [41]
proposed an alternative model based on an inverse dose-response association between
protein consumption and BP levels. These data might explain why DBP, but not SBP, and
continuous, but not categorical data, were significantly associated with protein intake.

Another important result of the present study was that protein intake and blood
cholesterol levels were positively correlated. These findings are not supported by most prior
research, given that investigations observed negative [17,26] or null [18,42] associations.
However, Mente et al. [25] noted that a high intake of protein was associated with elevated
blood cholesterol levels [25]. Lifestyle interventions based on protein-rich diets have
also been investigated as a non-pharmacological lipid-lowering strategy with promising
results [26,43].

There are some possible explanations for our observations. Increasing protein intake
raises the concern for potential harm to blood lipid profile [44] and CVD risk [12] due to a
possible simultaneous increase in fat intake. For this reason, intervention studies testing
high-protein diets typically involve low energy from saturated fats (<10%) [43]. Second,
protein sources are an important parameter to take into consideration [44]. Red meat is a
common source of dietary protein [45,46] and evidence has shown that the prevalence of
hyperlipidemia increases according to meat consumption [47]. Unprocessed and processed
red meat increases the risk of type II diabetes [45] and death [46], while diets containing
low-fat sources of protein (e.g., nuts, dairy products) are associated with a significantly
lower risk of adverse events [45,46]. In contrast, high fish consumption is associated with a
low monocyte/high-density lipoprotein cholesterol ratio, thereby reducing CVD risk [48].

An additional explanation for our data involves the AA composition of dietary
protein. Several AAs, chiefly methionine and cysteine, might influence blood choles-
terol levels [49-51]. Cysteine is the major precursor of taurine [52,53]. Fish and seafood
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(e.g., oysters) are the main sources of taurine, with small concentrations found in poul-
try (e.g., chicken and turkey) [52,53]. Taurine supplementation reduces total and low-
density lipoprotein (LDL)-cholesterol in rats [54] and humans [52]. Such a hypocholes-
terolemic effect seems to occur through the activation of 7-hydroxylase, which accelerates
the catabolism of cholesterol into bile acid [53].

Leucine might have hypocholesterolemic effects. Leucine supplementation for 14 weeks
decreased total and LDL-cholesterol levels in mice fed a high-fat diet [55]. In rats, leucine re-
duced systemic LDL—cholesterol levels [56]. Furthermore, leucine attenuated aging-related
impairments in endothelium-dependent and independent vasodilation and collagen depo-
sition in the medjial layer of the aorta, and abolished inflammatory cell infiltration in male
mice [57]. Decreased systemic inflammation was also described in rats supplemented with
leucine [56].

The findings of the present study highlight the importance of professional nutritional
counseling to ensure that protein intake is not accompanied by an elevated consumption
of dietary components, such as fat, that might raise cholesterol levels and, thereby, car-
diovascular risk. A possible strategy to possibly avoid the harmful effects of an increased
consumption of other macronutrients might be utilize high-protein, low-fat foods (e.g., lean
red meat) [58-60]. Despite our efforts of using different methods to identify high protein
intake levels that were more associated with cardiometabolic factors, we were unable to
establish cutoff values in our population. Such a scenario suggests that an accurate and
close monitoring of nutrient intake is necessary to minimize the unwanted effects of diet
on cardiometabolic risk. Therefore, the results of our study should be complemented with
those of randomized clinical trials specifically designed to test the effects of various levels
of protein intake on cardiometabolic parameters in older adults.

A major limitation of the present study is that the FFQ used only included weekly
consumption of 12 food groups. It is therefore possible that participants either ate foods
that were not included in the FFQ or under-reported their dietary intake, which impacted
the accuracy of protein intake estimation. Second, participants were relatively young
(65-74 years) [61] community-dwelling older Caucasians, and extrapolation to people in
other age groups (e.g., old-old adults >75 years) or ethnicities should be made with caution.
Third, participants were evaluated while they were attending an event. Thus, the possibility
the evaluation setting could have influenced the assessment results cannot be excluded.
Fourth, a high-protein diet was found to reduce HbA1C, but not blood glucose levels [44].
However, HbA1C was not measured in our study. Fifth, specific patterns of associations
have been observed between protein sources and cardiometabolic parameters [62,63]. This
aspect was not investigated in the present study. Sixth, participants with cardiovascular
or cerebrovascular disease were not excluded and the possibility that this might have
influenced our results cannot be ruled out. Finally, the cross-sectional design of the study
does not allow any inference to be drawn on the time course of changes in the analyzed
variables or on cause-effect relationships.

In conclusion, the findings of the present study indicate that a high intake of protein was
negatively associated with DBP and positively associated with total blood cholesterol levels in
a relatively large cohort of older Italian adults after adjustment for numerous covariates.
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