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Abstract.

BACKGROUND: To examine the associations of animal and plant protein intake with all-cause, cardiovascular and cancer
mortality risk in middle-aged Italian men and women with substantially lower animal protein intake than North Americans.
METHODS AND RESULTS: Food consumption was assessed by validated Epic semiquantitative FFQs. Multivariable Cox
models stratified by center, age, and sex, and adjusted for confounders, estimated associations of animal and plant protein
consumption with mortality for all causes, cardiovascular disease, and cancer. After a median follow-up of 15.2 years, 2,449
deaths were identified in 45,009 participants. No significant association between intake of total, animal or plant protein and
mortality was found in the fully adjusted models. Substitution of plant protein for animal protein was inversely associated
with cardiovascular mortality (HR, 0.47; 95% CI, 0.24-0.92) only in people with at least 1 unhealthy lifestyle risk factor and
poor adherence to a Mediterranean diet. Participants in the highest quintile group of animal protein intake had higher glucose,
total and LDL cholesterol levels than those in the lowest quintile. In contrast, higher plant protein intake was negatively
associated with fasting insulin and cholesterol, despite higher BMI, physical inactivity and starch consumption.
CONCLUSIONS: Replacing plant protein for animal protein was associated with lower cardiovascular mortality among
individuals with unhealthy lifestyle risk factors. High animal but not plant protein intake is associated with impaired fasting

! Authors have equally contributed to this research. tre, Central Clinical School, Faculty of Medicine and Health,

*Corresponding author: Professor Luigi Fontana, MD, PhD, Level 5 West, D17 — Education and Research Hub, The Charles
FRACP, Professor of Medicine and Nutrition, Leonard P Ull- Perkins Centre, The University of Sydney, NSW 2006, Aus-
man Chair in Translational Metabolic Health, Director, Healthy tralia. Tel.: +61 2 8627 7499; +61 4 0879 0318; E-mail:
Longevity Research and Clinical Program, Charles Perkins Cen- luigi.fontana @sydney.edu.au.; http:/sydney.edu.au/perkins.

ISSN 2451-9480 © 2021 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).


mailto:luigi.fontana@sydney.edu.au
http://sydney.edu.au/perkins
https://creativecommons.org/licenses/by/4.0/

258 L. Fontana et al. / Animal and plant proteins and risk of mortality

glucose and hypercholesterolemia, despite lower calorie and carbohydrate intake, suggesting that protein source plays crucial
roles in modulating cardiometabolic health independently of body weight.

Keywords: Protein intake, animal protein, vegetable protein, mortality, cardiovascular disease, lifestyle risk factors, Mediter-

ranean diet, cholesterol

1. Introduction

An overwhelming body of data indicate that lower
intake of dietary protein, methionine, tryptophan and
branched chain amino acids, independently of energy
intake, improve health and extend lifespan in multi-
ple model organisms including rodents [1—4]. Results
from human epidemiological studies on the associa-
tion between total and animal protein consumption
and mortality are still contentious, with some report-
ing an inverse association, but many no or even a
positive relationship [5, 6]. In contrast, most studies
show a protective effect of plant proteins that typi-
cally have lower content of methionine, tryptophan
and branched chain amino acids [5-9].

Several residual or unmeasured dietary and met-
abolic confounding factors may explain these dis-
crepancies. For example, animal protein consumption
(and associated iron and saturated fat content) is
considerably higher in the large North American
study populations compared to those living in South-
ern Europe countries like Italy [7]. Moreover, as it
has been shown for the BMI-mortality relationship,
the protein-mortality associations may be influenced
by other differences in behavioral factors, includ-
ing degree of physical activity, smoking, alcohol
consumption and diet quality, which deeply affect
metabolic health independently of calorie and protein
intake [10].

Here, we used data from a large Italian cohort
study (EPIC-Italy, 1993-1998) of 47,749 men and
women, and up to 15 years of follow-up, to prospec-
tively examine the associations of total, animal and
plant protein intake with the risk for all-cause, car-
diovascular and cancer mortality. We also performed
isocaloric substitution associations of different pro-
tein sources with mortality, and analyzed the joint
association of protein intake and lifestyle factors
(i.e., smoking status, body mass index, physical
activity, alcohol consumption, and adherence to a
Mediterranean dietary pattern) with disease-specific
mortality. Finally, in a subset of study participants,
we collected detailed data on a wide spectrum of
metabolic risk factors that allowed for differential
subgroup analysis of the relationship between animal

and plant protein intake with key metabolic determi-
nants of cardiovascular risk.

2. Methods
2.1. Participants

The design of the Italian section of the European
Prospective Investigation into Cancer and Nutrition
study [11] has been extensively described elsewhere
[12]. Briefly, in EPIC-Italy a total of 47,749 healthy
volunteers (15,171 men and 32,578 women) were
recruited from 1993 to 1998 in five Italian centres
(two in northern (Varese and Turin), one in central
(Florence), and two in southern (Naples and Ragusa)
Italy) with the aim of collecting at study entry
lifestyle, medical information, and blood samples,
to investigate their relationship with mortality, inci-
dent cancers, and possibly other chronic diseases.
This study protocol was approved by the local Health
Authority Ethics Committee in Florence, Italy. All
participants provided written informed consent at
enrolment and agreed to have their health status
followed-up throughout life.

In the present analysis, we excluded participants
with missing dietary (n=874) and anthropometric
(n=361) data, participants lost to follow-up (n=
1052), and participants in the highest or lowest 1%
of the ratio of total energy intake/basal metabolic
rate (n=449). After the exclusions, data from 45,009
subjects were available for the analysis.

Information on vital status was retrieved annu-
ally from municipal registries, while the cause and
date of death was obtained from the official mor-
tality indexes. Mortality data were coded according
to the International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision
(ICD-10). Deaths were grouped into common causes:
cancer (ICD-10 codes: C00-D48), circulatory dis-
eases (ICD-10 codes: 110-125, 146-150, 160-169 and
170-179). End of follow-up was December 2009 for
Varese, December 2010 for Florence, Turin, Ragusa
and Naples.
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2.2. Exposure assessment

Dietary intake was assessed only at recruitment by
means of center-specific validated Food Frequency
Questionnaires [FFQ) designed to better capture local
eating habits, as described elsewhere [13].

Nutrient values for all food items were obtained
from Italian food composition tables [14]. Total,
animal and vegetable proteins were expressed as
a percentage of total energy intake. Processed and
unprocessed red meat, poultry, fish, egg and dairy
products were the main sources of animal protein,
whereas bread, cereals, pasta, nuts, and legumes were
the main food contributors to vegetable protein. Ani-
mal protein by food sources was calculated as the sum
of the the products between protein of each food item
consumed, multiplied by the average daily amount
consumed.

Adherence to a Mediterranean diet was assessed
using the Italian Mediterranean Index [15], whose
score is calculated from the intake of 11 items:
high intake of six typical Mediterranean foods
[pasta, typical Mediterranean vegetables (raw toma-
toes, non-brassica leafy vegetables, courgettes, aub-
ergines, peppers, onion and garlic), fruit, pulses,
olive oil, and fish]; low intakes of four “non-
Mediterranean” foods (soft drinks, butter, red and
processed meat, and potatoes) and moderate con-
sumption of alcohol.

At recruitment, body weight, height (without
shoes), waist and hip circumference, and blood
pressure were measured according to standardized
procedures [12]. Moreover, behavioural and health
related variables were collected using a standard-
ized lifestyle questionnaire, assessing reproductive
history, physical activity, tobacco smoke, history
of previous and/or current illnesses, medical and
surgical treatment and hospitalization, education,
socioeconomic status, and professional exposure.
Physical activity was categorized according to the
Cambridge Physical Activity Index [16].

2.3. Blood chemistries

Venous blood was collected after an overnight fast
in a subset of 2,402 study participants randomly
sampled from four Italian EPIC centers (Varese,
Turin, Naples and Ragusa) [17]. Plasma glucose,
lipid and lipoprotein-cholesterol concentrations were
determined with automated enzymatic colorimetric
commercial kits (Instrumentation Laboratory) in a
previous case-cohort study [17].

High-density lipoprotein cholesterol (HDLc) was
measured in plasma after precipitation of apolipopro-
tein B-containing lipoproteins by dextran sulfate
(50000 MW) and magnesium. Low-density lipopro-
tein cholesterol (LDLc) was calculated using the
Friedewald Equation. Non-HDL cholesterol (non-
HDLc) was calculated as total cholesterol minus
HDLc, while Remnant-Cholesterol was calculated as
total cholesterol minus LDLc, minus HDLc. Fast-
ing insulin was measured using ELISA kits (DRG
Instruments GmbH, Germany) and high-sensitivity
C-reactive protein by a latex particle-enhanced
immunoturbidimetric assay (IL Coagulation Systems
on ACL9000). HOMA-IR was calculated as fasting
glucose divided by fasting insulin, and B-cell function
using HOMA-{} as fasting plasma insulin multiplied
by 360 and divided by fasting plasma glucose minus
63 [18].

2.4. Statistical analysis

Baseline characteristics are presented by quintiles
of percent of energy intake from animal and vegetable
protein intake using mean and standard deviation for
continuous variables and percentages for categorical
variables.

We used semi-parametric Cox proportional haz-
ards regression models with age as the time scale to
estimate the hazard ratio (HR) and 95% Confidence
Interval (CI) for cause-specific and total mortality
associated with total, animal and plant protein con-
sumption.

We applied a nutrient density model with adjust-
ment for total energy intake and the percentage of
energy from fat and nonalcoholic energy. Accord-
ingly, the coefficient for animal and plant protein
reflects the substitution effect of an equal amount of
energy from protein for carbohydrate (i.e., the sub-
stitution of 3% of energy from carbohydrate with an
equivalent amount of energy from total, or animal or
vegetable protein) in an isocaloric diet. We reported
risk estimates for men and women separately. For all
regression analyses sex, age, and regional center were
considered as confounding factors (model 1). In the
multivariable analysis, we further adjusted for several
potential dietary and lifestyle confounding factors,
including smoking status (current: 1-15 cig/day,
16-25 cig/day, 26 + cig/day; former: quit < 10 years,
11-20 years, 20+ years previously; never), physical
activity (inactive, moderately inactive, moderately
active, active), body mass index (BMI kg/mz), waist
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to hip ratio, years of education (< 8 years/ > 8 years-
mandatory school years) and alcohol, fibre, total fat
[g/day) and energy (kcal/day) intake (model 2). To
assess the significance of trends we employed orthog-
onal polynomial contrasts.

Then, we estimated the effect of substituting 3%
of energy from vegetable protein for an equiva-
lent amount of animal protein from various sources,
including processed and unprocessed red meat, poul-
try, fish, egg, and dairy products, by simultaneously
including these protein items as continuous variables
in the multivariable model. The HRs and 95% Cls for
the isoprotein substitution effect in this model were
derived from the difference between the regression
coefficients, variance, and covariance.

Finally, to minimize the confounding effect of an
overall lifestyle pattern, we further performed a strati-
fied analysis according to body mass index (<25 and
>25kg/m?), and a priori—defined healthy lifestyle
pattern, constructed by assigning scores to each of
the lifestyle risk factors, for which higher values indi-
cate healthier lifestyle behaviour : low or high body
mass index (>18.5 and <25 kg/mz), never smoking
or ever smoking, never or moderate alcohol drinking
(<24 g/d), moderately active or active, and adherence
to a Mediterranean diet defined as a Mediterranean
score above the median. Tests for heterogeneity were
performed adding appropriate interaction terms to the
models, and testing for significance using a Wald chi-
square test. Data were analyzed using Stata software
(version 16.0, Stata Corp, College Station, TX, USA).

3. Results

After a median time of observation of 15.2 years
with 644,254 person-years of follow-up, we doc-
umented 2,449 deaths, of which 1414 were due
to cancer, and 441 were due to cardio- and cere-
brovascular diseases. Table 1 shows the baseline
characteristics of participants according to quintiles
of animal and vegetable protein intake expressed as
percent of energy. Mean energy from animal pro-
tein varied from 6.4 to 14% across quintiles that it
is markedly lower than the amounts consumed by
participants enrolled in large cohort studies of North
America [Supplementary Table 1); in contrast, mean
energy from vegetable protein was substantially sim-
ilar ranging from 3.4% (lowest quintile) to 7.1%
(highest quintile). Compared with participants in the
lowest energy from animal protein quintile, those

in the highest quintile consumed more fat, and less
vegetable protein, starch, sugar, alcohol and energy;
they had higher BMI and lower waist-to-hip ratio,
and were less educated and physically active. Partic-
ipants in the highest quintile of energy from animal
proteins consumed more protein from processed and
unprocessed red meat, poultry, egg and dairy but
less pasta, bread and pizza. In contrast, those with
higher plant protein intake consumed less fat, sugar
and alcohol, and more starch and energy, than those
in lowest quintile. Similarly to the participants in
the highest quintile of energy from animal, they had
higher BMI and were less educated. Participants in
the highest quintile of energy from vegetable proteins
were more often smokers, physically inactive, and
consumed more protein from fish, and calories from
pasta, bread, pizza, and legumes. Vegetable protein
consumption was higher in southern Italy (Napoli and
Ragusa), whereas animal protein intake was greater
in northern and central Italy (Turin, Varese and Flo-
rence).

Participants with higher intake of energy from
animal protein had significantly higher total, LDL
and non-HDL cholesterol (p=0.0001), and fasting
glucose (p=0.008), despite consuming significantly
less calories. In contrast, those with the highest
intake of energy from vegetable protein had lower
total cholesterol (p=0.001), LDLc (p=0.029),
HDLc (p=0.001), fasting insulin (p=0.01) but
higher triglycerides (p=0.003), triglyceride/HDL
ratio [p=0.001), remnant-cholesterol (p=0.003),
and C-reactive protein (p=0.021) than participants
in the lowest quintile (Table 1 and supplementary
Table 2). Adjustment for saturated intake did not
change the results for total cholesterol and LDL
cholesterol (data not shown).

As shown in Table 2, no association was observed
between total, animal and vegetable protein intake
and all-cause, cancer or cardiovascular mortality
when energy from protein was substituted with car-
bohydrates. These results were similar in both sexes
with a p for interaction of 0.577 for animal protein
intake and of 0.612 for vegetable protein. Table 3
shows HRs for all-cause and cause-specific mortal-
ity associated with iso-proteic replacement of 3%
of energy from animal protein and animal protein
sources with plant protein. A reduction in all-cause
of mortality risk was observed when substituting
processed meat protein for vegetable protein in the
crude (HR 0.77, 95% CI 0.61-0.97) but not in the
fully adjusted model (HR 0.89, 95% CI 0.71-1.12).
Similarly, a risk reduction for overall and CVD
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Table 1
Characteristics of Study Participants According to Percentage of Energy From Protein Intake®
Animal protein Vegetable protein
Quintile 1 Quintile 3 Quintile 5 Quintile 1 Quintile 3 Quintile 5
Characteristics
Subjects 43,213 8643 8642 8642 8643 8642 8642
Age 50.7 [7.9] 50.0 [8.14] 50.7 [7.92] 51.6 [7.66] 50.7 [7.90] 50.6 [7.94] 51.0 [7.90]
Gender
Male 12.8 25.5 20.1 13.9 15.9 21.8 20.6
Female 30.4 17.7 20.0 22.6 21.7 19.2 19.8
Center
Turin 20.9 15.7 20.1 23.2 24.0 229 10.3
Varese 26.3 13.9 21.6 24.7 33.1 20.8 5.5
Florence 27.8 16.7 20.0 23.3 18.9 224 15.2
Naples 114 18.5 22.9 13.1 1.7 11.3 57.5
Ragusa 13.5 46.7 14.3 5.02 6.00 16.3 41.3
BMI [Kg/m?] 26.0 [4.1] 25.6 [3.96] 25.9 [4.07] 26.6 [4.24] 25.7[4.04] 25.9 [4.04] 26.6 [4.28]
Waist to hip ratio 0.84 [0.09] 0.85 [0.09] 0.83 [0.09] 0.83 [0.09] 0.82 [0.09] 0.84 [0.09] 0.85 [0.009]
Current smoker [%] 20.1 21.5 19.5 18.6 19.7 19.3 22.0
Physical activity
Inactive [%] 30.0 20.2 20.5 19.8 14.8 17.6 30.9
Moderately inactive [%] 38.2 18.1 20.3 22.0 23.0 21.2 14.7
Moderately active [%] 17.4 20.3 20.3 18.8 21.3 21.2 154
Active [%] 14.3 24.3 19.2 17.0 21.2 20.4 16.9
Education [ > 8years] 22.0 20.4 20.4 18.7 19.3 20.6 18.5
Diastolic Pressure 82 [10] 81[9.8] 82 [10] 83 [10] 82 [10] 82 [10] 81.0[10]
Systolic Pressure 129 [18] 128 [18] 130 [18] 131 [19] 129 18] 129 [18] 130 [19]
Dietary intake
Total protein 16.8 [2.40] 14.0 [1.35] 16.6 [0.98] 20.0 [1.74] 17.2 [2.77] 16.9 [2.34] 16.2 [1.99]
[% energy/day]
Animal protein 10.1 [2.84] 6.41[1.16] 9.97 [0.40] 14.3[1.81] 11.7 [3.09] 10.4 [2.47] 8.12[2.23]
[% energy/day]
Vegetable protein 5.1[1.29] 6.01 [1.45] 5.10[1.13] 4.36 [0.96] 3.4510.50] 5.05[0.18] 7.06 [0.73]
[% energy/day]
Total fat [% energy/day] 34.1[5.70] 30.4 [5.76] 34.1[4.81] 37.9[5.16] 38.0 [5.34] 34.5[4.87] 29.6 [4.79]
Starch [% energy/day] 27.5 [7.47] 33.1[7.75] 27.4[6.17] 22.0 [5.84] 19.7 [4.87] 26.9 [4.19] 36.7 [5.72]
Sugar [% energy/day] 17.6 [5.40] 18.3 [6.05] 17.7 [5.24] 16.7 [4.96] 20.4 [5.94] 17.4[4.91] 15.0 [4.43]
Alcohol [% energy/day] 3.92[4.97] 4.2[5.4] 4.1[5.0] 3.3[4.5] 4.7[6.0] 4.21[4.9] 2.5[3.5]
Fiber [g/day] 22.3[7.63] 26.0 [8.8] 22.3[6.9] 18.3[5.9] 18.3[6.3] 22.2[7.2] 26.5 [8.0]
Total energy 2297 [655] 2446 [694] 2327 [630] 2049 [603] 2250 [677] 2291 [665] 2347 [632]
intake [kcal/day]
Protein Sources
Red Meat [% energy/day] 2.6 [1.6] 1.410.8] 2.5[1.0] 3.9[1.9] 2.911.8] 2.7[1.5] 2.0[1.8]
Processed meat 1.0 [0.8] 0.6 [0.5] 1.0 [0.7] 1.3 [1.0] 1.210.9] 1.0 [0.7] 0.7 [0.6]
[% energy/day]
Poultry [% energy/day] 1.4[1.1] 0.8 [0.6] 1.3 [0.8] 2.1[1.4] 1.5[1.1] 1.5 [1.1] 1.2 [0.9]
Fish [% energy/day] 1.2 [0.9] 0.7 [0.6] 1.1 [0.7] 1.6 [0.9] 1.1 [0.9] 1.2 [0.9] 1.1 [0.9]
Egg [% energy/day] 0.41 [0.27] 0.33[0.23] 0.40 [0.25] 0.49 [0.32] 0.46 [0.30] 0.42 [0.26] 0.34 [0.23]
Dairy [% energy/day] 3.6 [1.6] 241[1.1] 3.6 [1.3] 4.8[1.9] 4411.9] 3.6 [1.5] 2.71[1.2]
Tubers [% energy/day] 0.10 [0.08] 0.10 [0.09] 0.10 [0.08] 0.10 [0.08] 0.10 [0.08] 0.11 [0.08] 0.11 [0.08]
Vegetables [% energy/day] 0.63 [0.34] 0.59 [0.35] 0.63 [0.33] 0.68 [0.34] 0.57 [0.29] 0.64 [0.33] 0.68 [0.39]
Legumes [% energy/day] 0.18 [0.33] 0.17 [0.32] 0.20 [0.35] 0.15 [0.40] 0.08 [0.09] 0.13 [0.20] 0.39 [0.55]
Fruits [% energy/day] 0.40 [0.23] 0.44 [0.28] 0.39 [0.21] 0.37 [0.20] 0.37 [0.21] 0.40 [0.23] 0.42[0.24]
Pasta [% energy/day] 0.83 [0.58] 0.95 [0.66] 0.86 [0.56] 0.66 [0.50] 0.54 [0.40] 0.87 [0.55] 1.05 [0.66]
Rice [% energy/day] 0.14 [0.16] 0.13 [0.18] 0.15 [0.16] 0.14 [0.16] 0.13 [0.14] 0.15[0.17] 0.12 [0.16]
Bread [% energy/day] 2.22[1.23] 3.02 [1.49] 2.14 [1.06] 1.58 [0.90] 1.07 [0.61] 2.09 [0.73] 3.69 [1.26]
Pizza [% energy/day] 0.18 [0.15] 0.20 [0.18] 0.18 [0.15] 0.16 [0.14] 0.16 [0.13] 0.18 [0.15] 0.21[0.18]

(Continued)
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Table 1
(Continued)

Animal protein

Vegetable protein

Quintile 1 Quintile 3 Quintile 5 Quintile 1 Quintile 3 Quintile 5
PLASMA BIOMARKERS*
Insulin [mU/L] 9.87 [8.04] 9.77 [6.02] 9.88 [7.95] 9.58 [6.09] 10.1 [6.7] 10.2 [8.3] 8.9 [0.6]
Glycemia [mg/dl] 100.4 [30.7]  98.6[29.0] 100 [31.5] 103.7[35.3] 100.3[27.4] 102.6[34.2] 99.3[32.7]
HOMA-IR 2.2[2.61] 2.08 [1.59] 2.22[2.75] 2.18 [1.96] 2.17 [1.65] 2.29 [2.42] 1.92 [1.63]
B-cell function 207 [509] 231 [594] 162 [605] 183 [361] 227 [501] 178 [493] 169 [632]
CRP [mg/ml] 1.99 [2.63] 1.93[2.30] 1.94 [2.53] 2.06 [2.43] 1.80 [2.23] 2.17[3.05] 2.20 [2.62]
Cholesterol [mg/dl] 235.3[48.0] 228.4[46.8] 235.9[49.4] 241.6[47.5] 241.0[45.7] 232.6[47.3] 230.3[50.4]
Triglycerides [mg/dl] 143.7 [88.2] 145.4[78.0] 140.2[82.1] 139.3[85.9] 133.1[77.3] 140.1[74.8] 148.0[80.1]
HDL [mg/1] 59.4[15.4] 58.0 [15.3] 60.1[15.4] 61.0[15.2] 63.2[15.3] 59.1[15.7] 55.4[13.9]
Triglyceride/HDL ratio 2.77 [2.44] 2.82[1.98] 2.65 [2.16] 2.61 [2.37] 2.40 [2.15] 2.72[2.02] 2.95[2.05]
Remnant-Cholesterol [mg/dl]  28.7 [17.7] 29.1[15.6] 28.0[16.4] 27.9[17.2] 26.6 [15.5] 28.0 [15.0] 29.6 [16.0]
Non HDLc [mg/dl] 17591[46.2] 1703 [45.5] 175.7[47.3] 180.7[45.5] 177.7[44.8] 173.4[455] 174.9[48.3]
LDLc [mg/dl] 147.1[41.2] 141.3[39.2] 147.7[424] 152.8[41.9] 151.1[40.3] 145.4[40.6] 145.3[42.8]

$Table entries are means and standard deviation except where indicated *Plasma metabolic and cardiovascular biomarkers were measured
after an overnight fast in a subset of 2,402 study participants randomly sampled from four Italian EPIC centers [Varese, Turin, Naples and

Ragusa].

Table 2

Risk for All-Cause and Cause-Specific Mortality Associated with Replacement of 3 % of Energy from Protein with Carbohydrate

All cause of mortality

Cancer mortality

Cardiovascular and
Cerebrovascular
disease mortality

All subjects

n. deaths =2,449

n. deaths=1,414

n. deaths =441

Total protein
HR! [95% CI]
HR3 [95% CI]
Animal protein
HR! [95% CI]
HR? [95% CI]
Vegetable protein
HR' [95% CI]
HR? [95% CI]

1.03 [0.98-1.09]
0.98 [0.93-1.04]

1.01 [0.95-1.07]
0.96 [0.90-1.02]

0.99 [0.83-1.18]
0.94[0.79-1.12]

1.01 [0.94-1.09]
0.98 [0.90-1.05]

1.01 [0.93-1.09]
0.97 [0.90-1.05]

0.96 [0.76-1.22]
0.95[0.75-1.21]

1.13 [0.99-1.28]
1.04 [0.91-1.20]

1.09 [0.95-1.25]
1.01[0.87-1.17]

0.98 [0.95-1.25]
0.86 [0.57-1.31]

Men

n. deaths =995

n. deaths =538

n. deaths =204

Total protein
HR? [95% CI]
HR3 [95% CI]
Animal protein
HR? [95% CI]
HR? [95% CI]
Vegetable protein
HR? [95% CI]
HR? [95% CTI]

1.05 [0.96-1.16]
1.01 [0.91-1.12]

1.00 [0.91-1.10]
0.97 [0.88-1.08]

0.84 [0.63-1.12]
0.78 [0.59-1.05]

1.09 [0.96-1.23]
1.05 [0.91-1.20]

1.05 [0.92-1.20]
1.04 [0.90-1.20]

1.00 [0.68-1.48]
0.96 [0.65-1.43]

1.17 [0.95-1.44]
1.07 [0.86-1.34]

1.10 [0.89-1.36]
1.00 [0.79-1.26]

0.71 [0.89-1.36]
0.57 [0.30-1.09]

Women n. deaths = 1454 n. deaths =876 n. deaths =237
Total protein
HR? [95% CT] 1.02 [0.96-1.10] 0.98 [0.90-1.07] 1.12 [0.94-1.33]

HR? [95% CI]
Animal protein
HR? [95% CI]
HR? [95% CI]
Vegetable protein
HR? [95% CI]
HR? [95% CI]

0.98 [0.91-1.05]

1.01 [0.94-1.09]
0.96 [0.89-1.04]

1.08 [0.86-1.36]
1.08 [0.86-1.36]

0.94 [0.86-1.04]

0.98 [0.90-1.08]
0.94 [0.85-1.04]

0.93[0.70-1.26]
0.97 [0.72-1.30]

1.04 [0.87-1.24]

1.12 [0.93-1.35]
1.05 [0.87-1.28]

1.35[0.77-2.36]
1.27 [0.73-2.23]

Istratified by center, age, sex; 2stratified by center, age; 3adjustecl also for energy, bmi, whr, smoking, education, physical activity, fiber,

alcohol, total fat intake.
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Table 3

Risk for All-Cause and Cause-Specific Mortality Associated with Replacement of 3% of Energy From Animal Protein and Animal protein
sources with Plant Protein

All cause of mortality Cancer mortality Cardiovascular and

Cerebrovascular
disease mortality

All subjects

n. deaths =2,449

n. deaths=1,414

n. deaths =441

Animal protein
HR! [95% CI]
HR? [95% CI]
Animal sources
Processed meat
HR' [95% CI]
HR? [95% CI]
Red meat

HR! [95% CI]
HR? [95% CI]
Poultry

HR! [95% CI]
HR? [95% CI]
Fish

HR! [95% CI]
HR? [95% CI]
Egg

HR' [95% CI]
HR? [95% CI]
Dairy

HR! [95% CI]
HR? [95% CI]

0.98 [0.84-1.15]
0.98 [0.83-1.15]

0.77 [0.61-0.97]
0.89[0.71-1.12]

0.98 [0.82-1.18]
1.00 [0.83-1.21]

1.05[0.85-1.28]
0.98 [0.80-1.21]

0.88 [0.71-1.10]
0.88 [0.71-1.09]

0.91 [0.56-1.47]
0.98 [0.60-1.60]

1.01 [0.86-1.19]
1.00 [0.84-1.18]

0.96 [0.77-1.18]
0.98 [0.79-1.22]

0.80 [0.59-1.07]
0.92 [0.68-1.25]

0.99 [0.78-1.26]
1.04 [0.81-1.33]

1.06 [0.81-1.39]
1.00 [0.77-1.31]

0.87 [0.65-1.15]
0.87 [0.66-1.16]

1.31 [0.69-2.50]
1.46 [0.76-2.80]

0.96 [0.77-1.19]
0.98 [0.79-1.23]

0.90 [0.62-1.32]
0.85 [0.58-1.25]

0.64 [0.38-1.09]
0.76 [0.44-1.30]

0.73 [0.48-1.12]
0.72 [0.47-1.10]

0.82[0.52-1.31]
0.76 [0.48-1.22]

0.74 [0.45-1.22]
0.70 [0.42-1.15]

0.42[0.14-1.28]
0.43[0.14-1.34]

1.05[0.71-1.54]
0.97 [0.65-1.45]

Men

n. deaths =995

n. deaths =538

n. deaths =204

Animal protein
HR3 [95% CI]
HR?3 [95% CT]
Animal sources
Processed meat
HR3 [95% CI]
HR?3 [95% CT]
Red meat

HR? [95% CI]
HR23 [95% CI]
Poultry

HR3 [95% CI]
HR?3 [95% CI]
Fish

HR? [95% CI]
HRZ23 [95% CI]
Egg

HR3 [95% CI]
HR?3 [95% CT]
Dairy

HR? [95% CI]
HRZ23 [95% CI]

0.84 [0.65-1.09]
0.80 [0.61-1.05]

0.65 [0.45-0.93]
0.77 [0.53-1.11]

0.81 [0.61-1.09]
0.80 [0.59-1.08]

0.88 [0.63-1.22]
0.81[0.58-1.12]

0.74 [0.52-1.06]
0.74 [0.52-1.05]

1.27 [0.54-2.99]
1.32[0.55-3.16]

0.89 [0.67-1.16]
0.82[0.62-1.09]

0.95 [0.66-1.36]
0.93 [0.64-1.34]

0.71 [0.44-1.16]
0.85[0.51-1.39]

0.92 [0.62-1.38]
0.91 [0.60-1.36]

1.04 [0.66-1.62]
0.93 [0.60-1.46]

1.00 [0.62-1.63]
1.01 [0.62-1.65]

1.96 [0.61-6.30]
1.92[0.58-6.32]

0.98 [0.67-1.42]
0.94 [0.64-1.38]

0.65 [0.36-1.16]
0.58 [0.32-1.04]

0.42[0.19-0.91]
0.48 [0.22-1.07]

0.56 [0.30-1.05]
0.53[0.28-1.03]

0.55[0.27-1.09]
0.52[0.26-1.04]

0.50 [0.24-1.06]
0.43[0.20-0.91]

1.00 [0.16-6.42]
1.12 [0.16-7.76]

0.78 [0.43-1.42]
0.68 [0.36-1.26]

Women

n. deaths = 1454

n. deaths =876

n. deaths =237

Animal protein
HR3 [95% CI]
HR?3 [95% CT]

1.07 [0.87-1.31]
1.12[0.91-1.39]

0.95[0.73-1.24]
1.02 [0.78-1.35]

1.20[0.73-1.98]
1.21 [0.72-2.02]

(Continued)
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(Continued)

All cause of mortality

Cardiovascular and
Cerebrovascular
disease mortality

Cancer mortality

Animal sources
Processed meat
HR3 [95% CI]
HR?3 [95% CI]
Red meat

HR? [95% CI]
HR23 [95% CI]
Poultry

HR3 [95% CI]
HR23 [95% CI)
Fish

HR? [95% CI]
HR23 [95% CI]
Egg

HR3 [95% CI]
HR?3 [95% CI]
Dairy

HR3 [95% CI]
HR?3 [95% CT]

0.85[0.64-1.14]
0.99 [0.74-1.34]

1.10 [0.87-1.40]
1.19[0.93-1.51]

1.16 [0.89-1.50]
1.14 [0.88-1.47]

0.98 [0.75-1.29]
1.00 [0.76-1.31]

0.79 [0.44-1.41]
0.87[0.48-1.58]

1.09 [0.88-1.34]
1.14[0.92-1.42]

0.84 [0.58-1.23]
0.97 [0.66-1.43]

0.93 [0.45-1.92]
1.19[0.57-2.51]

1.03 [0.76-1.41]
1.15[0.84-1.57]

0.94 [0.53-1.68]
0.99 [0.56-1.77]

1.05[0.75-1.47]
1.05 [0.75-1.47]

1.20 [0.63-2.25]
1.14 [0.60-2.12]

0.81[0.57-1.14]
0.83[0.59-1.18]

1.03 [0.52-2.02]
1.12[0.57-2.21]

1.08 [0.50-2.34]
1.33[0.61-2.92]

0.26 [0.07-1.03]
0.25[0.06-0.99]

0.94 [0.72-1.23]
1.02 [0.77-1.35]

1.35[0.81-2.26]
1.36 [0.80-2.31]

Lstratified by center, age, sex. 2adjusted also for energy, bmi, whr, smoking, education, physical activity, fiber, alcohol, total fat intake.

3stratified by center, age.

mortality was observed in men in the crude model
when substituting processed meat protein for veg-
etable protein (HR 0.65, 95% CI10.45-0.93; HR 0.42,
95% CI 0.19-0.91, respectively), but not in the fully
adjusted model. A significant reduction in CVD mor-
tality was observed in men only, even in the fully
adjusted model, when fish protein was substituted for
vegetable protein (HR 0.43, 95% CI 0.20-0.91). In
women, CVD mortality was significantly reduced by
substituting egg protein for vegetable protein (HR
0.25, 95% CI 0.06-0.99 in the fully adjusted model).

When we analyzed associations between animal
and vegetable protein and mortality risk by subgroups
of BMI category (<25 and > 25 kg/m?), waist-to-hip
ratio, or age, no significant interaction was found
(datanot shown). However, when we categorized par-
ticipants into healthy- and unhealthy-lifestyle groups
according to a priori—defined criteria (Table 4), we
found a protective association with CVD mortality of
substituting vegetable protein for carbohydrate that
was restricted only to participants with at least 1
unhealthy lifestyle risk factor and poor adherence to
the Mediterranean diet (HR 0.45,95% C10.22-0.94).
Similarly, in the unhealthy-lifestyle group but not in
the healthy lifestyle group, the multivariable HR per
3% replacement of animal with vegetable protein was
0.47 (95%CI, 0.24-0.92).

4. Discussion

In this large cohort study of 45,009 Italian men and
women who were followed for a mean of 15.2 years,
we observed no clear significant association between
total or animal protein intake and total or cause-
specific mortality. However, a higher plant protein
consumption was associated with a ~50% lower risk
of cardiovascular disease mortality but only in par-
ticipants with at least 1 unhealthy lifestyle risk factor
and poor adherence to the Mediterranean diet. High
vegetable protein intake was associated with signif-
icantly lower plasma cholesterol and insulin levels,
while high animal protein was associated with ele-
vated plasma cholesterol and fasting glucose, despite
consuming significantly less calories and having sim-
ilar BMIs, suggesting that protein source plays crucial
roles in modulating cardiometabolic health indepen-
dently of body weight.

Adherence to high protein diets, especially animal
protein rich in branched-chain amino acids and sul-
fur amino acids, has become very popular because of
its hypothetical role in preserving muscle mass, and
in promoting fat loss and associated improvements
in cardiometabolic health [19-22]. However, conclu-
sive evidence that consuming high protein diets has
meaningful effects on body composition or metabolic
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Risk for Total, Cancer and CVD Mortality Associated with Replacement of 3 % of Energy From Protein with Carbohydrate and Animal
Protein with Vegetable Protein Among Participants with Healthy and Unhealthy Lifestyles

All cause of mortality

Cardiovascular and
Cerebrovascular
disease mortality

Cancer mortality

Total protein
Healthy*

HR' [95% CI]
HR? [95% CI]
Unhealthy®

HR! [95% CI]
HR? [95% CI]
Animal protein
Healthy*

HR! [95% CI]
HR? [95% CI]
Unhealthy®

HR! [95% CI]
HR? [95% CI]
Vegetable protein
Healthy*

HR! [95% CI]
HR? [95% CI]
Unhealthy®

HR! [95% CI]
HR? [95% CI]
Animal protein for
vegetable protein
Healthy*

HR! [95% CI]
HR? [95% CI]
Unhealthy®

HR! [95% CI]
HR? [95% CI]

1.04 [0.97-1.11]
0.98 [0.91-1.06]

1.02[0.93-1.12]
0.97 [0.88-1.07]
1.01 [0.94-1.09]
0.96 [0.88-1.03]
0.99 [0.90-1.10]
0.93[0.84-1.04]
0.99 [0.80-1.24]

0.98 [0.79-1.23]

0.86 [0.63-1.18]
0.77 [0.57-1.08]

0.99 [0.80-1.21]
1.03 [0.83-1.26]

0.87 [0.65-1.15]
0.84 [0.63-1.12]

1.01 [0.92-1.10]
0.95[0.87-1.05]

1.12[0.95-1.33]
1.03 [0.86-1.22]

1.02 [0.91-1.15]
0.99 [0.87-1.12]

1.12 [0.90-1.40]
1.02 [0.80-1.29]

0.99 [0.90-1.09]
0.94 [0.85-1.04]

1.11[0.93-1.32]
1.01 [0.84-1.21]

1.03 [0.91-1.17]
0.99 [0.86-1.13]

1.03 [0.82-1.31]
0.95[0.74-1.23]

0.87 [0.65-1.17]
0.89 [0.67-1.20]

1.31[0.77-2.21]
1.23[0.73-2.07]

0.98 [0.65-1.48]
0.92[0.61-1.40]

0.57 [0.28-1.16]
0.45[0.22-0.94]

0.88 [0.67-1.15]
0.95[0.72-1.25]

1.18 [0.73-1.91]
1.22[0.75-1.99]

0.95 [0.66-1.38]
0.93 [0.64-1.36]

0.55[0.29-1.04]
0.47 [0.24-0.92]

Istratified by center, age, sex; 2adjusted also for energy, bmi, whr, smoking, education, physical activity, fiber, alcohol, total fat intake.
2Healthy lifestyle was defined as never smoking, never or moderate alcohol intake [<24 g/day], physically active, BMI between 18.5 and
25 kg/m? and adherence to Mediterranean diet. "Unhealthy lifestyle was defined as having at least 1 of these unhealthy lifestyle risk factors
[current smoker, alcohol intake in excess of 24 g/day, BMI > 25 kg/m?, sedentary lifestyle] and poor adherence to the Mediterranean diet.

health is controversial, and accumulating evidence
suggest it might have adverse effects on insulin sen-
sitivity, and it may increase the risk of developing
obesity, type 2 diabetes, and therefore cardiovascular
disease [23].

Branched-chain amino acids are known activators
of the mammalian target of rapamycin complex 1
[MTORCI1) pro-aging signaling pathway that is
deeply implicated in the regulation of lipid/glucose
metabolism, protein turnover, autophagy, and nucl-
eotide and ribosomal biogenesis [24, 25]. On the other
end, non-essential amino acids, which predominate
in plant proteins, stimulate glucagon secretion [26].
Glucagon can promote a cAMP-dependent down-
regulation of lipogenic enzymes and cholesterol
synthesis, while up-regulating hepatic LDL receptors
and IGFBP-1 production in the liver [27]. A lower

sulfur amino acid intake, especially of methionine,
increases longevity in rodents, and has been associ-
ated with reduced risk for cardiometabolic diseases
in a recent analysis from the NHANES III Study
[28]. As methionine is specified by the AUG start
codon, it is essential for translation initiation of most
proteins. Methionine restriction thus has a dramatic
effect in downregulating protein synthesis and acti-
vating FGF21, a key regulator of insulin sensitivity
and energy expenditure [25, 29].

Our current findings together with the results of
other epidemiological studies suggest that replace-
ment of foods high in animal protein with plant
protein sources, but not total protein intake per se,
is associated with lower cardiovascular mortality [5,
7, 30-32]. However, unlike in other North American
studies of people with substantially higher intake of
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animal food, we did not find an association between
animal protein and cardiovascular mortality. More-
over, our data confirm that even in this cohort of
Italian consuming less animal protein, the protective
effect of vegetable protein is confined only to partici-
pants with unhealthy diets, and one or more negative
lifestyle risk factors.

There are multiple explanations for these find-
ings. Indeed, residual confounding from metabolic
factors may contribute to the observed protein-mor-
tality associations even after adjustment for age,
sex, BMI, energy intake, smoking, physical activity,
fiber, alcohol, and total fat intake. At least eighty
per cent of cardiovascular disease risk and mor-
tality can be explained by the additive effects of
classical cardiovascular risk factors [33—-35]. There-
fore, when evaluating the relation between protein
intake and mortality, it might be important to con-
sider their interactive and potentially counteractive
actions. Interestingly, in our study both higher animal
and plant protein intakes were associated with sim-
ilar increase in BMI. However, only animal protein
consumption was strongly associated with increased
fasting glucose and LDLc, whereas high vegetable
protein was associated with significantly lower LDLc
and fasting insulin, and a trend for lower fasting glu-
cose as well. This is in agreement with recent data
from a randomized clinical trial demonstrating that
increasing protein intake from 0.8 to 1.2 g/kg per day
by adding whey protein rich in branched-chain amino
acids completely prevented the beneficial effect of
visceral and liver fat loss induced by calorie restric-
tion on insulin-mediated glucose disposal [36].

Our findings suggest that other components in
vegetable protein-rich foods [e.g., fiber, starch), in
addition to protein per se, may have a critical car-
diometabolic modulatory effects. The elevated fiber
content of foods rich in plant protein might explain
their LDLc lowering effect because this association
persisted even after adjustment for saturated fatty acid
content [37, 38]. In contrast, the high content of starch
from white bread, pizza, and pasta might explain the
detrimental effects of vegetable protein-rich foods
on circulating remnant-cholesterol, cholesterol:HDL
ratio, triglycerides and C-reactive protein levels,
which may mitigate the protective effects of lower
LDLc and higher insulin sensitivity [39—41]. Itis pos-
sible that other phytochemicals that predominate in
vegetable protein-rich foods, such as sterols, pheno-
lics, flavonoids, saponins, sulfides and organosulfur
compounds, could also affect lipid and cholesterol
metabolism through multiple mechanisms, including

inhibition of cholesterol biosynthesis and LDL oxi-
dation, and reduction of cholesterol absorption by
disrupting the solubility of micelles [42].

This study has strengths and weaknesses. Our anal-
ysis was performed on a large sample size of Italian
men and women who were followed for 15.2 years
and consumed substantially less animal protein than
other cohorts of North America. This is important
because our findings can be more easily translated
to populations living in developing countries con-
suming carbohydrate-rich diets low in animal food
products. The availability of a wide range of lifestyle
factors allowed for rigorous confounding adjustment
and subgroup analysis, whereas the cardiometabolic
biomarker phenotyping provided a unique mecha-
nistic insight into these associations. Calculation of
protein intake according to food sources, and the sub-
stitution effect for protein of various origins is another
strength of our study. One limitation is that dietary
exposure was assessed only once at baseline. Some
participants may have changed their diet during the
follow-up, giving rise to potential misclassification of
exposure, which could have weakened diet-disease
associations. Moreover, although we have adjusted
our results for several dietary and lifestyle factors,
residual confounding remains a possibility because
of unmeasured or unknown factors.

5. Conclusions

In conclusion, we found that substitution of plant
protein for animal protein is associated with lower
cardiovascular mortality, which is consistent with
its beneficial effects on plasma cholesterol levels
and glucose metabolism, especially in people with
unhealthy lifestyle factors. These results have impor-
tant public health implications especially when the
cardiometabolic detrimental effects of consuming
starch-rich plant foods can be mitigated by regular
exercise training and higher intake of plant foods rich
in protein and low in refined carbohydrates such as
legumes.
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