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Abstract
Background: Current evidence suggests that plant and animal proteins are intimately
associated with specific large nutrient clusters that may explain part of their complex relation with cardiovascular health. We aimed at evaluating the association between specific patterns of protein intake with cardiovascular mortality.
Methods: We selected 81 337 men and women from the Adventist Health Study-2. Diet
was assessed between 2002 and 2007, by using a validated food frequency questionnaire.
Dietary patterns based on the participants’ protein consumption were derived by factor
analysis. Cox regression analysis was used to estimate multivariate-adjusted hazard
ratios (HRs) adjusted for sociodemographic and lifestyle factors and dietary components.
Results: There were 2276 cardiovascular deaths during a mean follow-up time of
9.4 years. The HRs for cardiovascular mortality were 1.61 [98.75% confidence interval
(CI), 1.12 2.32; P-trend < 0.001] for the ‘Meat’ protein factor and 0.60 (98.75% CI, 0.42 0.86;
P-trend < 0.001) for the ‘Nuts & Seeds’ protein factor (highest vs lowest quintile of factor
scores). No significant associations were found for the ‘Grains’, ‘Processed Foods’ and
‘Legumes, Fruits & Vegetables’ protein factors. Additional adjustments for the participants’ vegetarian dietary pattern and nutrients related to cardiovascular disease outcomes did not change the results.
Conclusions: Associations between the ‘Meat’ and ‘Nuts & Seeds’ protein factors and
cardiovascular outcomes were strong and could not be ascribed to other associated nutrients considered to be important for cardiovascular health. Healthy diets can be advocated based on protein sources, preferring low contributions of protein from meat and
higher intakes of plant protein from nuts and seeds.
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Key Messages
• Plant and animal proteins are heterogeneously associated with CVD mortality.
• Protein-based factor analysis showed that a high contribution of protein from meat increased risk of CVD mortality,

whereas a high contribution of protein from nuts and seeds is protective.
• These associations were not influenced by other characteristics of the diet, such as vegetarian dietary patterns or

nutrients related to CVD outcomes.

Introduction
Recently, the eco-environmental sustainability of a diet
containing high amounts of animal protein has been questioned, and it is thought that plant as an alternative to animal proteins will lead to more eco-friendly results.1–4
Numerous observational and interventional studies have
investigated how plant and animal protein may differentially affect CVD risk factors and mortality, given that cardiovascular diseases (CVDs) are the leading cause of death
worldwide.5 However, evidence for a beneficial effect of
plant proteins is mixed.6 Limited and inconsistent results
highlight the probable role of confounding by non-protein
dietary components, and possibly also relate to the association between dietary protein sources and diet quality.6,7
Dietary proteins are not consumed in isolation but are
embedded in complex food matrices as a part of the overall
diet. In particular, each protein food group provides other
specific non-protein compounds that can also affect cardiovascular health.6 Thus, a simple analysis of dietary protein
intake as from plant or animal sources may be too broad,
and greater consideration of specific protein food sources
and the background diet is required to accurately assess associations with CVD risk factors and mortality.8
Analysis of dietary patterns—using factor analysis—has
proven effective to study the multidimensionality of diet
and to give more insight into the relations between diet
and disease.9–11 This approach uses the correlations between food and nutrient intakes to derive non-correlated
factors that describe general patterns that might be easier
for the public to interpret and translate into relevant policy
and guidance. Following the same approach, dietary protein patterns can be identified by analysing the intakes of
protein from a variety of food sources. This approach overcomes the high correlation between protein groups and can
identify the fundamental characteristics of a healthy protein pattern. The aim of this study was to examine the associations between patterns of protein intake and
cardiovascular mortality in the Adventist Health Study-2
(AHS-2) cohort. We hypothesized that the dietary protein
patterns that are identified may differentially affect cardiovascular health. We further investigated whether these

associations were influenced by other general characteristics of the diet, including vegetarian dietary patterns and
specific nutrients.

Methods
Study population
The Adventist Health Study 2 (AHS-2) is a populationbased longitudinal study of more than 96 000 Seventh-day
Adventist church men and women living in the USA and
Canada, recruited between 2002 and 2007. The methods
used for the cohort formation and its characteristics have
been described elsewhere.12 The AHS-2 was approved by
the institutional review board of Loma Linda University
and written consent was obtained from all participants at
enrolment. Exclusion criteria for the present analyses were
age < 25 years (n ¼ 226); estimated energy intake (not
including write-in items) < 500 kcal/d or > 4500 kcal/d or
improbable response patterns (e.g., identical responses to all
questions on a page or more than 69 missing values in dietary data) (n ¼ 5840); body mass index (BMI) < 14 kg/m2 or
> 60 kg/m2 (n ¼ 2539); and self-reported history of cardiovascular events at baseline (n ¼ 6182) (see flow diagram in
Supplementary Figure 1, available as Supplementary data
at IJE online). After these exclusions, 81 337 participants
remained for analysis.

Mortality data
Deaths through 31 December 2013 were identified by biennial follow-up of participants and linkage with the
National Death Index. The underlying cause of death was
coded using the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision
(ICD-10). CVD deaths were identified as those starting
with the letter I.

Dietary assessment and covariable data
Usual dietary intake during the previous year was assessed
through the baseline questionnaire using a quantitative
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food frequency questionnaire (FFQ). Detailed descriptions
of the methods of dietary measurement using the questionnaire and its validation against six 24-h recalls have been
described elsewhere.13,14 Animal protein had de-attenuated correlations of 0.68 and 0.76 in Blacks and Whites,
respectively. Plant protein had de-attenuated correlation of
0.57 in both races. A guided multiple-imputation approach
was used to fill out missing data in the dietary variables.15
Other sociodemographic and lifestyle factors were also assessed by the baseline questionnaire. The vegetarian status
of participants was identified according to their reported
intake of foods of animal origin and classified to five categories (vegan, lacto-ovo-vegetarian, pesco-vegetarian,
semi-vegetarian, non-vegetarian).16

Identification of animal and plant protein categories
Classification of food items from the FFQ into animal and
plant protein categories is described in Supplementary
Methods 1, available as Supplementary data at IJE online.
Animal protein groups were defined as coming from the
following sources: red meat, processed meat, poultry, seafood, milk, yogurt, cheese, animal fats (to capture low
amounts of proteins in cream and butter) and egg products. Plant proteins were defined as coming from: grains,
soya, legumes, peanuts, tree nuts and seeds, potatoes,
fruits, vegetables, other vegetables (e.g. condiments, spices
etc.).17 Protein contents of food items having a single
source of protein were directly assigned to the corresponding protein group. Otherwise, representative recipes were
developed and the amount of protein from each constituent ingredient was then assigned to the appropriate protein
group. To evaluate the errors originating from the created
recipes, we calculated the difference in the amount of protein between the original item and that calculated from the
summed protein of the ingredients. We also calculated
total protein intake before and after the breakdown of
foods to their constituents.

Statistical analysis
Cox proportional hazard regressions were used in preliminary analyses to determine associations between protein
intake coming from plant or animal sources and the risk of
CVD mortality. Length of follow-up was used as the time
variable, terminated either by death or by censoring. For
these analyses, plant and animal protein were mutually adjusted. Hazard ratios (HR) and 95% CIs were calculated
for 18-g increases of plant or animal protein intake, corresponding to 1/4 of total protein intake. Plant and animal
protein intakes were adjusted for total energy according to
the residual method.18

3

Protein intake from each of the 18 protein food groups
was expressed as the percentage of total protein intake (%
kcal). Protein dietary patterns were then generated by factor
analyses using the PROC FACTOR procedure in SAS.
Factors were extracted using the principal component
method, and an orthogonal transformation (Varimax rotation) was further applied to achieve a simpler structure with
greater interpretability. To determine the number of factors
to retain, we considered eigenvalues >1,19 a breakpoint in
the Scree test20 and the interpretability of the factors.21 For
each food group, loadings for factors represented the correlation between the food groups and a factor. The protein dietary patterns were labelled according to food groups that
made major contributions to the factor (absolute value of
factor loading >0.20). Factor scores for each protein dietary
pattern were calculated for each subject by summing the percentage of protein intake from each food group weighted by
that food group’s factor loading.22 Participants were then
grouped into quintiles of factor scores.
The specific effects of the identified protein factors on
cause-specific CVD mortality [i.e. ischaemic heart disease)
IHD and stroke separately] were identified using Cox proportional hazard regression analyses. Different models of
increasing complexity were tested to investigate the effect of
adjustment for additional potential confounding factors
identified by the analyses and from the existing literature.
Model 1 was adjusted for mean-centred age, sex, race and
energy intake, BMI, physical activity, smoking status, alcohol consumption, education, personal income and marital
status. Because the source of dietary protein is also related to
vegetarian dietary patterns,23 the second model was further
adjusted for the traditional five vegetarian-spectrum dietary
categories. In the third and fourth models, we replaced the
vegetarian dietary pattern identifiers with other nutrients
that are often related to CVD outcomes. Model 3 was adjusted for saturated fatty acids, unsaturated fatty acids,24,25
fibre,26,27 sodium,28,29 vitamin B6, B12, folates30,31 and antioxidants (vitamins A, C, E).32 Model 4 was further adjusted
for fat from meat products (fish excluded)33 and fat from
nuts.34 Differences in the associations between factors and
CVD mortality by age, sex, race and BMI were evaluated by
testing possible interaction terms. The robustness of the a
posteriori approach (using factors) was further checked by
an a priori analysis, based on methods typically used to create a priori scores of adherence to a dietary profile.35 Five
scores were created to compare to the five dietary profiles
that are the object of the main a posteriori approach here
conducted. Details can be found in Supplementary Table 4,
available as Supplementary data at IJE online. The Cox proportional hazards assumption was evaluated using tests and
plots based on the Schoenfeld residuals. We tested for possible nonlinear relationships between protein factors and
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mortality using stepwise restricted cubic spline analysis.36 All
analyses were performed with the SAS statistical software
package V. 9.4 for Windows (SAS Institute, Cary, NC,
USA). A P-value <0.05 was considered to be statistically
significant.

Results
Associations between plant and animal protein
intake and CVD mortality
Among 81 337 participants followed for < 12 years (median follow up of 9.9 years), 2276 deaths were identified as
due to CVDs. After controlling for several potential confounders, an 18-g increase in animal protein intake was
significantly associated with a slightly higher risk of CVD
mortality in models further controlling for the type of vegetarian diet or for a set of nutrients related to CVD risk
(Table 1). No significant associations were found with
plant protein intake.

Identification of dietary patterns
The difference between the total protein intake as calculated after breakdown using recipe ingredients and the original intake was 0.01 6 0.15%. Factor analysis retained
five main protein factors, which explained 47.2% of the
total variance (Table 2). A Scree plot displaying the
Table 1. Multivariate-adjusted hazard ratios of CVD mortality
for each 18-g increase (corresponding to one-quarter of total
protein intake) in animal and plant protein intake⫽ in 81 337
participants of the Adventist Health Study-2

Deaths/
person-years
Model 1a
Model 2b
Model 3c
⫽

Animal protein

Plant protein

HR

HR

(95% CI)

(95% CI)

2276/
767 487
1.06 (0.99 1.14) 0.99 (0.94 1.06)
1.07 (1.00 1.15) 0.98 (0.94 1.05)
1.12 (1.05 1.19) 0.95 (0.89 1.02)

Animal and plant protein intake were energy-adjusted using the residual
method and in the same model.
a
Adjusted on mean-centred age (years), sex (men, women), race (Black,
White), energy intake (kcal/day), BMI (kg/m2), physical activity (min/week),
smoking status (current smoker, quit < 1 year, quit 1–4 years, quit 5–9 years, quit
10–19 years, quit 20–29 years, quit 30 years, never smoked), alcohol consumption (never, past, current), income ( 10, 000, >10, 000–30, 000, 30, 000 USD
per year), education ( high school, some college,  Bachelor’s degree), marital
status (single, divorced and widowed, married and common law).
b
Model 1 further adjusted for the type of diet in the vegetarian spectrum
(vegans, lacto-ovo-vegetarian, pesco-vegetarian, semi-vegetarian, non-vegetarian).
c
Model 1 further adjusted on polyunsaturated fatty acids (PUFA), saturated
fatty acids (SFA), sodium and vitamins A, C, E, B6, B9 and B12 (intakes of nutrients were energy-adjusted with the residual method).

eigenvalues is shown in Supplementary Figure 2, available
as Supplementary data at IJE online. As shown in Table 2,
the factor labels—‘Grains’, ‘Processed Foods’, ‘Meat’,
‘Legumes, Fruits & Vegetables’ (‘LFV’) and ‘Nuts &
Seeds’, respectively—were taken directly from foods with
correspondingly heavy weightings. Participants with high
factor scores for the ‘Grains’ protein factor had on average
43.8% of their protein intake coming from grains (see
Supplementary Table 1, available as Supplementary data
at IJE online). Factor 2 was labelled ‘Processed Foods’,
since it was characterized by high loadings for proteins
from cheese, animal fat, eggs, potatoes and milk, which
came mostly from processed products in our database. The
average percentages of protein intake by food group for
the five protein factors are given in Supplementary
Table 1, available as Supplementary data at IJE online.

Characteristics of population
Baseline characteristics of the study participants across
quintiles of the identified protein factors are given in
Table 3. For instance, subjects in the upper quintile for the
‘Meat’ or ‘Processed Foods’ protein factors tended to have
greater BMIs and to be more physically inactive, and were
more likely to be smokers and current alcohol consumers
(Ps < 0.001) compared with those in the lower quintile,
whereas opposite trends were found for the ‘Grains’,
‘LFV’ and ‘Nuts & Seeds’ protein factors. The vegetarian
status of participants and intakes of various nutrients
across protein factors are presented in Supplementary
Tables 2 and 3, available as Supplementary data at IJE
online.

Associations between dietary protein factors and
CVD mortality
Table 4 shows HRs of CVD mortality according to quintiles of the identified protein factors. Restricted cubic
spline analyses did not identify evidence of nonlinearity in
any of these associations. Significant age-interactions were
found for the ‘Meat’ and ‘Nuts & Seeds’ protein factors
and for BMI. After multiple adjustments for lifestyle confounders (Model 1), subjects belonging to the fifth quintile
of the ‘Meat’ protein factor had a 61% higher risk of CVD
death compared with those in the first quintile. By contrast, participants in the high quintile of ‘Nuts & Seeds’
protein factor had a 40% lower CVD mortality risk. No
significant associations were found for the ‘Grains’,
‘Processed Foods’ and ‘LFV’ protein factors. After additional adjustment on the five vegetarian categories, or for
other nutrients that are related to CVD outcomes, the estimates changed very little (Models 2 and 3). Further
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Table 2. Factor loadings of the 18 protein food groups identified by factor analysis in 81 337 participants of the Adventist Health
Study-2a
Factor loadings

Grains
Other vegetables
Seafood
Yogurt
Cheese
Animal fat
Eggs
Potatoes
Milk
Soya
Red meat
Processed meat
Poultry
Vegetables
Legumes
Fruits
Peanuts
Treenuts & seeds
Variance explained, %

Factor1
(Grains)

Factor2
(Processed Foods)

Factor3
(Meat)

Factor4
(LFV)

Factor5
(Nuts & Seeds)

0.77
0.63
0.46
0.47
–
–
–
0.36
–
–
–
–
0.34
–
–
–
–
–
16.7

–
–
–
–
0.64
0.57
0.48
0.43
0.40
0.53
–
–
–
–
–
–
–
–
9.7

0.32
–
0.33
0.26
–
–
–
–
–
0.40
0.73
0.62
0.57
–
–
–
–
–
7.6

–
–
–
–
–
–
–
0.40
0.37
–
–
–
–
0.75
0.59
0.56
–
–
7.1

–
–
0.35
–
–
–
0.24
–
–
–
–
–
0.27
–
–
–
0.70
0.64
5.7

LFV, Legumes, Fruits & Vegetables.
a
Positive loadings <0.20 and negative loadings >-0.20 were omitted for simplicity.

adjustment on fat from meat products and fat from nuts
somewhat attenuated the associations for the ‘Meat’ factor, but left the nut protein result unchanged. The analysis
based on the a priori method (using scores) showed good
agreement with the a posteriori approach (using factors;
see Supplementary Table 4, available as Supplementary
data at IJE online). The CVD deaths identified in the population consisted mainly of ischaemic heart diseases
(37.8%), other forms of heart disease (24.2%) and cerebrovascular diseases (23.7%). Sensitivity analysis showed
clear trends in the expected directions when investigating
associations between the factors and IHD and stroke separately, although these were not statistically significant
(data not shown).
Since significant interaction terms were found between ‘Meat’ and ‘Nuts & Seeds’ factors and age, HRs
across age categories were estimated (Figure 1). Strong
associations between these protein factors and CVD
death were found among young adults aged 25–44 (2fold higher risk for the ‘Meat’ protein factor and almost
3-fold lower risk for the ‘Nuts & Seeds’ protein factor).
However, the strength of these associations decreased
with increasing age and were no longer apparent by age
80 and above.

Discussion
In the present study, a thorough analysis of specific protein
dietary factors, derived by factor analysis, disclosed clearly
contrasting associations of specific animal and plant protein factors on CVD outcomes. Our results show that high
scores on the ‘Meat’ protein factor are associated with
increased risk of CVD mortality, whereas high scores on
the ‘Nuts & Seeds’ protein factor are associated with lower
risk. When considering protein intake only divided into
plant and animal sources, we found a weak positive association between animal protein intake and CVD mortality
and no association for the plant proteins. These results emphasize that general statements about plant or animal protein may lack specificity, and that greater consideration of
specific protein food sources and patterns is required, as
had been proposed by some authors.6 Specific characteristics and lifestyles of the population, different types of dietary substitution and the background diets have made it
difficult to clearly ascribe benefits to the type and source of
protein and likely contributed to the lack of conclusive evidence relating animal and plant protein consumption to
CVD risk.8,37–40
Our results are consistent with other studies that reported either an increased risk of CVD mortality
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6164 (38.5)

Bachelor’s degree or

990 (6.1)

6584 (41)

6357 (39.6)

916 (5.6)

6178 (38.4)

6304 (39.2)

3615 (22.5)

5750 (35.4)

6395 (39.3)

4122 (25.3)

12 741 (78.3)

11 249 (69.2)

13 542 (83.2)

26.4 (5.8)

2846 (17.5)

9866 (60.7)

57.8 (14.3)

Q5

1330 (8.2)

6881 (42.9)

6169 (38.4)

3006 (18.7)

7123 (43.8)

5925 (36.4)

3220 (19.8)

13 594 (83.6)

10 976 (67.5)

13 542 (83.2)

26.0 (5.3)

6569 (40.4)

10 978 (67.5)

55.9 (13.5)

Q1

1008 (6.2)

6294 (39.2)

6412 (39.9)

3356 (20.9)

6685 (41.1)

6246 (38.4)

3337 (20.5)

13 060 (80.3)

10 476 (64.4)

13 082 (80.4)

27.1 (5.9)

4324 (26.6)

10 668 (65.6)

57.0 (14.2)

Q3

874 (5.4)

5993 (37.2)

6569 (40.8)

3540 (22.0)

6588 (40.5)

6204 (38.1)

3475 (21.4)

12 222 (75.1)

10 268 (63.1)

12 996 (79.9)

28.0 (6.1)

1917 (11.8)

10 569 (65)

57.8 (14.5)

Q5

1053 (6.5)

7585 (47.2)

5978 (37.2)

2509 (15.6)

7271 (44.7)

5762 (35.4)

3235 (19.9)

13 329 (81.9)

11 690 (71.9)

14 077 (86.5)

26.6 (5.5)

3137 (19.3)

11 645 (71.6)

56.7 (14.4)

Q1

(Meat)

Factor 3

836 (5.1)

6589 (41)

6310 (39.3)

3171 (19.7)

6460 (39.7)

6290 (38.7)

3519 (21.6)

13 390 (82.3)

11 314 (69.5)

13 590 (83.5)

26.2 (5.4)

3564 (21.9)

10 476 (64.4)

58.5 (14.1)

Q3

1426 (8.8)

4912 (30.6)

6991 (43.5)

4165 (25.9)

6940 (42.7)

6151 (37.8)

3176 (19.5)

12 065 (74.2)

7812 (48.0)

11 369 (69.9)

29.1 (6.5)

6046 (37.2)

10 121 (62.2)

53.8 (13)

Q5

1270 (7.8)

5997 (37.3)

6445 (40.1)

3649 (22.7)

6672 (41)

6209 (38.2)

3387 (20.8)

12 255 (75.3)

9653 (59.3)

12 554 (77.2)

27.9 (6.2)

4045 (24.9)

10 096 (62.1)

55.5 (14.3)

Q1

(LFV)

Factor 4

985 (6.1)

6644 (41.3)

6277 (39)

3160 (19.7)

6919 (42.5)

6012 (37.0)

3337 (20.5)

13 190 (81.1)

10 644 (65.4)

13 332 (82)

27.1 (5.8)

3989 (24.5)

10 686 (65.7)

57 (14.1)

Q3

1068 (6.6)

6133 (38.3)

6410 (40)

3483 (21.7)

6308 (38.8)

6290 (38.7)

3669 (22.6)

13 286 (81.7)

11 341 (69.7)

13 527 (83.2)

26.1 (5.5)

4971 (30.6)

11 516 (70.8)

58.4 (13.8)

Q5

1508 (9.3)

5543 (34.6)

6601 (41.2)

3889 (24.3)

6862 (42.2)

6072 (37.3)

3334 (20.5)

12 337 (75.8)

9730 (59.8)

12 734 (78.3)

28.4 (6.3)

7840 (48.2)

11 187 (68.8)

53.5 (13.4)

Q1

(Nuts & Seeds)

Factor 5

946 (5.8)

6453 (40.2)

6406 (39.9)

3214 (20.0)

6789 (41.7)

6033 (37.1)

3447 (21.2)

13 087 (80.4)

10 540 (64.8)

13 266 (81.5)

27.1 (5.7)

3533 (21.7)

10 929 (67.2)

56.6 (14.0)

Q3

823 (5.1)

6984 (43.5)

6018 (37.4)

3071 (19.1)

6543 (40.2)

6393 (39.3)

3332 (20.5)

13 267 (81.6)

11 347 (69.8)

13 456 (82.7)

25.5 (5.1)

2202 (13.5)

9993 (61.4)

60.8 (14.0)

Q5

LFV, egumes, Fruits & Vegetables.
a
Categories used in the models were as follows: sex (men, women), race (Black, White), smoking status (current smoker, quit < 1 year, quit 1–4 years, quit 5–9 years, quit 10–19 years, quit 20–29 years, quit 30 years, never
smoked), alcohol status (never, past, current), income (10,000, >10, 000–30 000, 30,000 USD per year), education ( high school, some college,  Bachelor’s degree), marital status (single, divorced and widowed, married
and common law). Tests for trend among protein factors were all < 0.001 (except for age and sex for Factor 2, not significant), and obtained by analysis of variance (for age, BMI and physical activity), binomial logistic regression (for sex and race) or multinomial logistic regression (for smoking status, alcohol status, personal income, education and marital status). All models were adjusted on age, sex and race (as appropriate).

rently married (%)

Marital status, n cur-

1351 (8.3)

6489 (40.5)

Some college

higher

3358 (21)

High school or less

3115 (19.4)

6911 (42.5)

7379 (45.4)

>30000

Education, n (%):

3175 (19.5)

6182 (38)

2944 (18.1)

5945 (36.5)

10,000

13 094 (80.5)

10 673 (65.6)

13 119 (80.6)

>10,000–30,000

Personal income, n (%) USD/year:

activity, (min/week)

Mean (SD) physical

drinkers (%)

Alcohol status, n never

never smokers (%)

Smoking status, n

13 196 (81.1)

27.1 (5.8)

27.6 (5.9)

Mean (SD) BMI,

kg/m2

3972 (24.4)

6073 (37.3)

Race, n Black (%)

57.2 (14.1)

10 514 (64.6)

12 122 (74.5)

55.9 (13.8)

Q3

(Processed Foods)

(Grains)

Q1

Factor 2

Factor 1

Sex, n women (%)

Mean (SD) age, years

Characteristic

Table 3. Baseline characteristics among 81 337 Adventist Health Study-2 participants by quintile (Q) of the protein factorsa
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Table 4. Multivariate-adjusted hazard ratio of CVD mortality by quintile (Q) of identified protein dietary factors in 81 337 participants of the Adventist Health Study-2

Factor 1 (Grains)
Deaths/person-years
Model 1 HR (98.75% CI)a
Model 2 HR (98.75% CI)b
Model 3 HR (98.75% CI)c
Model 4 HR (98.75% CI)d
Factor 2 (Processed Foods)
Deaths/person-years
Model 1 HR (98.75% CI)a
Model 2 HR (98.75% CI)b
Model 3 HR (98.75% CI)c
Model 4 HR (98.75% CI)d
Factor 3 (Meat)
Deaths/person-years
Model 1 HR (98.75% CI)a
Model 2 HR (98.75% CI)b
Model 3 HR (98.75% CI)c
Model 4 HR (98.75% CI)d
Factor 4 (LFV)
Deaths/person-years
Model 1 HR (98.75% CI)a
Model 2 HR (98.75% CI)b
Model 3 HR (98.75% CI)c
Model 4 HR (98.75% CI)d
Factor 5 (Nuts & Seeds)
Deaths/person-years
Model 1 HR (98.75% CI)a
Model 2 HR (98.75% CI)b
Model 3 HR (98.75% CI)c
Model 4 HR (98.75% CI)d

Q1

Q2

Q3

Q4

Q5

P-trend

435/151 978
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

433/153 063
0.91 (0.77 1.08)
0.90 (0.76 1.07)
0.90 (0.75 1.07)
0.91 (0.76 1.08)

469/153 566
0.98 (0.77 1.24)
0.97 (0.76 1.24)
0.99 (0.78 1.24)
1.00 (0.80 1.26)

447/154 380
0.86 (0.72 1.03)
0.82 (0.68 0.99)
0.84 (0.70 1.01)
0.86 (0.71 1.03)

492/154 710
0.89 (0.74 1.08)
0.88 (0.74 1.09)
0.90 (0.74 1.10)
0.93 (0.76 1.13)

0.067
0.077
0.101
0.303

375/153 564
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

418/153 677
1.00 (0.84 1.19)
0.98 (0.82 1.18)
1.01 (0.84 1.21)
1.01 (0.84 1.22)

466/152 920
1.01 (0.84 1.22)
1.02 (0.84 1.23)
1.06 (0.88 1.27)
1.06 (0.88 1.28)

497/153 835
1.03 (0.86 1.23)
1.06 (0.88 1.28)
1.14 (0.94 1.39)
1.15 (0.94 1.40)

520/153 701
0.98 (0.81 1.19)
0.99 (0.81 1.22)
1.10 (0.88 1.39)
1.12 (0.90 1.41)

0.722
0.628
0.115
0.073

473/ 153 868
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

474/153 843
0.97 (0.68 1.37)
1.07 (0.75 1.54)
1.07 (0.75 1.53)
1.05 (0.73 1.51)

477/ 154 046
1.08 (0.70 1.65)
1.09 (0.71 1.67)
1.10 (0.71 1.69)
1.06 (0.69 1.64)

484/152 869
1.09 (0.78 1.52)
1.22 (0.85 1.76)
1.22 (0.86 1.73)
1.15 (0.80 1.64)

368/ 153 059
1.61 (1.12 2.32)
1.64 (1.13 2.38)
1.67 (1.16 2.41)
1.46 (0.98 2.18)

<0.001
<0.001
<0.001
0.012

460/153 884
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

407/154 438
0.93 (0.78 1.10)
0.92 (0.78 1.10)
0.91 (0.76 1.08)
0.92 (0.77 1.10)

438/153 637
0.97 (0.81 1.16)
0.97 (0.81 1.16)
0.95 (0.78 1.14)
0.96 (0.80 1.16)

469/153 260
1.01 (0.85 1.19)
1.01 (0.85 1.21)
0.97 (0.80 1.17)
0.99 (0.82 1.20)

502/152 478
1.06 (0.89 1.26)
1.05 (0.87 1.26)
1.00 (0.81 1.24)
1.04 (0.84 1.28)

0.366
0.491
0.916
0.560

328/152 922
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)
1.00 (ref.)

412/153 778
0.73 (0.52 1.02)
0.90 (0.66 1.23)
0.90 (0.66 1.23)
0.88 (0.64 1.20)

459/153 357
0.86 (0.59 1.25)
0.85 (0.59 1.25)
0.86 (0.59 1.25)
0.84 (0.57 1.22)

484/153 936
0.69 (0.49 0.97)
0.73 (0.52 1.02)
0.73 (0.52 1.03)
0.70 (0.49 0.99)

593/153 704
0.60 (0.42 0.86)
0.60 (0.41 0.86)
0.59 (0.41 0.85)
0.56 (0.38 0.81)

<0.001
<0.001
<0.001
<0.001

LFV, Legumes, Fruits & Vegetables.
All results are shown as HR and 98.75% CIs to account for multiple comparisons (Bonferroni correction: significance criterion 0.05/4 ¼ 0.0125 for each
quintile).
a
Adjusted on mean-centred age (years), sex (men, women), race (Black, White), energy intake (kcal/day), BMI (kg/m2), physical activity (min/week), smoking
status (current smoker, quit <1 year, quit 1–4 years, quit 5–9 years, quit 10–19 years, quit 20–29 years, quit 30 years, never smoked), alcohol consumption
(never, past, current), income ( 10,000, >10,000–30,000, 30,000 USD per year), education ( high school, some college,  Bachelor’s degree), marital status
(single, divorced and widowed, married and common law).
b
Model 1 further adjusted on type of diet in the vegetarian spectrum (vegans, lacto-ovo-vegetarian, pesco-vegetarian, semi-vegetarian, non-vegetarian).
c
Model 1 further adjusted on polyunsaturated fatty acids (PUFA), saturated fatty acids (SFA), sodium, fiber, and vitamins A, C, E, B6, B9 and B12 (intakes of nutrients were energy-adjusted with the residual method).
d
Model 3 further adjusted on fat from meat products (fish excluded) and fat from nuts (intakes of fats were energy-adjusted with the residual method).

associated with red and processed meat consumption;8,41,42 or a protective effect of nuts and seeds on CVD
risk.43,44 However, in most cases these studies looked at a
single food group (e.g. total meat) or energy-based patterns
(e.g. Western diet), and did not explicitly consider protein
content and sources. Here we focused on factor analyses to
find protein variables that in our data were approximately
independent. Without strong a priori hypotheses that
focused on proteins from a particular source, this was useful to further define the protein structure of our data.

In fact these factors clearly weighted heavily on easily recognized dietary sources. Furthermore, we found similar results in relation to CVD risk when we compared with an a
priori approach based on scores, which supports the validity of our approach. Previous studies have also investigated
different dietary patterns that could be interpreted by
considering their protein sources. For instance, the
Mediterranean-style dietary pattern, as with other
‘pro-vegetarian’ patterns, is characterized by a substantial
intake of proteins from plant sources which could in part
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Figure 1. Multivariate-adjusted hazard ratio (HR) of CVD mortality (Model 2) by quintile of the ‘Meat’ (A) and ‘Nuts & Seeds’ (B) protein factors and by
age categories in 81 337 participants of the Adventist Health Study-2. Significant age interactions were found for the ‘Meat’ and ‘Nuts & Seeds’ protein factors (P ¼ 0.003 and P < 0.001, respectively). HRs were estimated at the mean age of each age category. All confidence intervals were calculated
to reflect the 98.75% confidence interval range (following Bonferroni corrections with significance criterion being 0.05/4, i.e. 0.0125 for each quintile).

account for the favourable CVD and type 2 diabetes outcomes associated with this diet.45–47 However, to our
knowledge, protein-based factor analysis is novel and
offers a specific insight into the underlying eating patterns
that combine a variety of protein food sources. Further, it
may offer practical conclusions about the likely value of selecting proteins from different food sources. As each factor
is independent one from the other by construction, the
models avoid the multicollinearity that is found when analysing protein groups individually. Thus the association of
each factor with CVD mortality is more easily interpretable. The interpretation of the factors may still, however,
be limited by the fact that they are associated in a complex
way with vegetarian diets or other nutrients consumed
along with these protein sources (i.e. certain protein types
may act as markers of healthy diets). Nevertheless, after
controlling for the five vegetarian-spectrum dietary categories and several nutrients (including dietary fatty acids)
thought to be related to CVD outcomes, significant associations persisted between the protein dietary factors and
CVD mortality. This strengthens the idea that these analyses have captured unique aspects of protein-based patterns, which are attributable to the protein per se. In
particular, the ‘Nuts & Seeds’ protein factor appeared to
be associated with the quality of the diet even across

different levels of plant-based dietary patterns in this population, suggesting that focusing on more specific plant
protein-based diets may improve the ability of dietary recommendations to prevent CVD.
Based on our findings, its appears that choices of dietary
protein that favour nuts and seeds compared with meat
could be an effective means of reducing the risk of CVD
deaths under causal hypotheses, and could be considered
for future guidance in dietary public health recommendations. Among potential mechanisms, the amino acid composition of specific foods may affect CVD health by their
specific physiological effects. Previous studies have reported an inverse relation of dietary glutamic acid intake
with blood pressure. This is an amino acid predominant in
plant protein.48,49 Nuts also provide a high content of
L-arginine, a precursor of nitric oxide, known to play fundamental role in vascular health.50,51 In addition, glycine
may be an important contributor to a direct relationship of
meat products with blood pressure.52
We found that the significant associations between the
protein dietary factors and CVD mortality tended to
weaken with age. Among possible explanations, it is likely
that participants who have reached an advanced age without experiencing any previous cardiovascular events may
possess constitutional advantages, and modifiable CVD
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risk factors such as diet, then, have proportionately less influence on CVD health outcomes. It is significant for public
health that the protein factors appear to show very strong
associations with premature CVD risk, as early deaths represent large losses of productive years of life.
Our study has potential limitations. First, reporting bias
in self-reported dietary assessment and other lifestylerelated data is inevitable, but as these biases are expected
to be non-differential they would usually bias toward the
null. More importantly, diet was assessed only at baseline
and may have changed over time. Second, missing responses in the FFQ were filled by multiple imputation.
Nonetheless, multiple imputation does not create bias
under the assumption that errors are missing at random.
This assumption was approximately satisfied here by the
use of guided multiple imputation.15,53 Finally, although
appropriate adjustments for confounding factors were performed, unknown and unmeasured confounders are always possible. Notably, the contribution of other plant
food components intimately related to protein intake, such
as phytochemicals, may also be relevant.54 Strengths of
this study include the large number of participants and a
relatively long follow-up period allowing the accumulation
of many cardiovascular deaths, and also the diversity of
dietary habits in this population leading to the identification of a wide range of protein food sources.

Conclusion
Our study appears to identify heterogeneous associations
of certain plant and animal proteins with CVD risk. Strong
associations were found between CVD outcomes and the
animal protein factor that weighted heavily on meat products, whereas a specific plant protein factor weighting on
nuts and seeds was associated with a lower risk of CVD
mortality. These relationships were mostly apparent before
old age, thus impacting on premature CVD death. This
strengthens the idea that protein sources may be key components of diet quality, possibly largely independent of
other confounders, including vegetarian diet categories.
Associations of these dietary protein factors with CVD
death cannot be easily ascribed to their correlations with
other nutrients considered important for cardiovascular
health. Our results suggest that healthy choices can be
advocated based on protein sources, specifically preferring
diets low in meat intake and with a higher intake of plant
proteins from nuts and seeds.

Supplementary data
Supplementary data are available at IJE online
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34. Fraser GE, Sabaté J, Beeson WL, Strahan TM. A possible protective
effect of nut consumption on risk of coronary heart disease. The
Adventist Health Study. Arch Intern Med 1992;152:1416–24.
35. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D.
Adherence to a Mediterranean diet and survival in a Greek population. N Engl J Med 2003;348:2599–608.
36. Desquilbet L, Mariotti F. Dose-response analyses using restricted
cubic spline functions in public health research. Stat Med 2010;
29:1037–57.
37. Iso H, Sato S, Kitamura A, Naito Y, Shimamoto T, Komachi Y. Fat
and protein intakes and risk of intraparenchymal hemorrhage
among middle-aged Japanese. Am J Epidemiol 2003;157:32–39.

International Journal of Epidemiology, 2018, Vol. 0, No. 0
38. Sauvaget C, Nagano J, Hayashi M, Yamada M. Animal protein,
animal fat, and cholesterol intakes and risk of cerebral infarction
mortality in the adult health study. Stroke J Cereb 2004;35:
1531–37.
39. Appel LJ, Sacks FM, Carey VJ et al. Effects of protein, monounsaturated fat, and carbohydrate intake on blood pressure and
serum lipids, results of the OmniHeart randomized trial. JAMA
2005;294:2455–64.
40. Li S, Flint A, Pai JK et al. Low carbohydrate diet from plant or
animal sources and mortality among myocardial infarction survivors. J Am Heart Assoc 2014;3:e001169.
41. Pan A, Sun Q, Bernstein AM et al. Red meat consumption and
mortality, results from 2 prospective cohort studies. Arch Intern
Med 2012;172:555–63.
42. Abete I, Romaguera D, Vieira AR, Lopez de Munain A, Norat T.
Association between total, processed, red and white meat consumption and all-cause, CVD and IHD mortality, a metaanalysis of cohort studies. Br J Nutr 2014;112:762–75.
43. Mayhew AJ, de Souza RJ, Meyre D, Anand SS, Mente A. A systematic review and meta-analysis of nut consumption and incident risk of CVD and all-cause mortality. Br J Nutr 2016;115:
212–25.
44. Grosso G, Yang J, Marventano S, Micek A, Galvano F, Kales
SN. Nut consumption on all-cause, cardiovascular, and cancer
mortality risk, a systematic review and meta-analysis of epidemiologic studies. Am J Clin Nutr 2015;101:783–93.
45. Martinez-Gonzalez MA, Sanchez-Tainta A, Corella D et al. A
provegetarian food pattern and reduction in total mortality in
the Prevencion con Dieta Mediterranea (PREDIMED) study. Am
J Clin Nutr 2014;100:320–28S.
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