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High dietary protein intake is associated with an increased body weight and total 1 

death risk. 2 
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ABSTRACT 56 

Background & Aims: High dietary protein diets are widely used to manage overweight 57 

and obesity. However, there is a lack of consensus about their long-term efficacy and 58 

safety. Therefore, the aim of this study was to assess the effect of long-term high-protein 59 

consumption on body weight changes and death outcomes in subjects at high 60 

cardiovascular risk. 61 

Methods: A secondary analysis of the PREDIMED trial was conducted. Dietary protein 62 

was assessed using a food-frequency questionnaire during the follow-up. Cox proportional 63 

hazard models were used to estimate the multivariate-adjusted hazard ratio (HR) and 95% 64 

confidence intervals (95%CI) for protein intake in relation to the risk of body weight and 65 

waist circumference changes, cardiovascular disease, cardiovascular death, cancer death 66 

and total death.  67 

Results: Higher total protein intake, expressed as percentage of energy, was significantly 68 

associated with a greater risk of weight gain when protein replaced carbohydrates (HR: 69 

1.90; 95%CI: 1.05, 3.46) but not when replaced fat (HR: 1.69; 95%CI: 0.94, 3.03). 70 

However, no association was found between protein intake and waist circumference. 71 

Contrary, higher total protein intake was associated with a greater risk of all-cause death in 72 

both carbohydrate and fat substitution models (HR: 1.59; 95%CI: 1.08, 2.35; and HR: 1.66; 73 

95%CI: 1.13, 2.43, respectively). Animal protein was associated with an increased risk of 74 

fatal and non-fatal outcomes when protein substituted carbohydrates or fat. 75 

Conclusions: Higher dietary protein intake is associated with long-term increased risk of 76 

body weight gain and overall death in a Mediterranean population at high cardiovascular 77 

risk. 78 

Keywords: Protein; cardiovascular; body weight; death; risk  79 
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INTRODUCTION 80 

The alarming rise in overweight and obesity in developing countries has generated a 81 

plethora of dietary strategies for managing body weight. Moderate- or high-protein diets 82 

have gained in popularity and have been widely promoted for losing weight, preserving 83 

lean body mass, and maintaining weight loss 1. Advocates of these diets often recommend 84 

protein intakes at or above 1.2g protein/kg body weight/day (g prot/kg BW/d) or >25E% 85 

(percentage of energy) consumed. These amounts are substantially higher than usual 86 

recommendations for healthy adults which are set at 0.8g prot/kg BW/d 2–4 or recent 87 

recommendations for healthy older subjects set at 1.0-1.2g protein/kg BW/day 5. 88 

Several randomised controlled trials (RCTs) have investigated the short-term effects of 89 

high-protein (HPD) versus low-protein (LPD) diets and reported that HPD have advantages 90 

in terms of adiposity and blood lipid profile 6–8. Similarly, in a pooled analysis of 15 RCTs 91 

lasting between 28 days and 12 months, HPD showed favourable effects on obesity and 92 

cardiovascular risk markers 9. In addition, a meta-analysis of weight-loss studies conducted 93 

in adults consuming either a HPD (>15E%) or a LPD (<15E%) with a follow-up of at least 94 

12 months, demonstrated a greater body weight (BW) loss and an improvement of 95 

triglyceride and insulin levels in HPD. However, no differences were observed in 96 

concentrations of HDL and LDL-cholesterol or fasting glucose 10. Despite the generalised 97 

use of HPD, there is no consensus about their long-term efficacy and safety. A meta-98 

analysis of RCTs with a minimum 12-month follow-up demonstrated that high-protein diets 99 

(up to 25E%) had neither beneficial nor detrimental effects on weight, body composition 100 

and fat distribution, or cardiovascular risk 11. Data from large-scale, long-term cohort 101 

studies have shown a positive association between protein intake and weight gain 12–14 and 102 

suggest that physiological mechanisms supporting the beneficial effect of high protein 103 
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intake in weight control could depend on body mass index and waist circumference 14. 104 

Additionally, in two recent systematic reviews conducted in healthy adults 15 and older 105 

adults 16, including prospective cohort, case-control and long-term intervention studies, the 106 

association between protein consumption and different clinical outcomes ranged from 107 

probable or suggestive to inconclusive. Safer intakes were between 15-20E% of total 108 

protein, and inconclusively harmful were above 20-23E%. Risk of all-cause death and type 109 

2 diabetes (T2D) seemed to increase with long-term total protein intake of 20-23E%.  110 

Since there is a lack of consensus about the long-term associations between the amount and 111 

type of dietary protein, weight control and death, the aim of the present study was to 112 

analyse, in the same population, both the long-term body weight changes and the incidence 113 

of several fatal clinical outcomes resulting from total, animal and vegetable protein 114 

consumption in a high cardiovascular risk cohort.   115 
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METHODS 116 

Study population 117 

This prospective cohort analysis was based on the PREDIMED (PREvención con DIeta 118 

MEDiterránea) cohort, which is a large, parallel group, multicenter, controlled, randomized 119 

clinical trial conducted in 7,447 older adults at high cardiovascular risk. The aim was to 120 

assess the effects of Mediterranean diet on the primary prevention of diseases with 121 

cardiovascular origin. The detailed study protocol was already published 17. Eligible 122 

participants were men (55-80 years) and women (60-80 years), without cardiovascular 123 

disease (CVD) at enrolment, and who had either T2D or three or more of the following 124 

criteria: smoking, hypertension, high LDL-C, hypertriglyceridemia, HDL-C level ≤40 125 

mg/dL, overweight or obesity (BMI ≥25 kg/m2) or family history of CVD. Exclusion 126 

criteria included severe chronic illness; abuse of drug or alcohol and history of allergy or 127 

intolerance to either olive oil or nuts. All participants signed the informed consent 128 

according to a protocol approved by the institutional review boards. 129 

 130 

Dietary assessment 131 

Dietary intake was measured at baseline and at each annual visit by using a 137-item food-132 

frequency questionnaire 18. Detailed information about the development, reproducibility 133 

and validity of the questionnaire in the PREDIMED cohort has been previously reported 19. 134 

Spanish food-composition tables were used to derive energy and nutrient intake 20. Animal 135 

protein was mainly derived from meat, poultry, fish and dairy products, whereas vegetable 136 

protein was from legumes, fruits and nuts. 137 

 138 

Anthropometric and biochemical measurements 139 
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Body weight, height and waist circumference were measured at baseline and at each annual 140 

visit by trained personnel. We used the Minnesota leisure-time physical activity 141 

questionnaire to determine the physical activity of each participants’ leisure-time 21. 142 

 143 

Ascertainment of changes in body weight and waist circumference  144 

To evaluate changes in BW we defined ‘Successful weight change’ when participants lost 145 

or gained ≥10% of BW 22. Other participants were included in the ‘maintaining weigh’ 146 

category. Changes in waist circumference were defined according to the metabolic 147 

syndrome criteria (i.e. ≥88 cm for women and ≥102 cm for men) 23 and classified into three 148 

categories (incidence, reversion and maintenance). 149 

 150 

Ascertainment of death and CVD event 151 

Cardiovascular events (i.e. myocardial infarction, stroke or death from cardiovascular 152 

causes), and death by cardiovascular, cancer and all-cause were the primary outcomes for 153 

the long-term safety evaluation of protein intake. Different methodologies were employed 154 

in order to determine outcomes related to CVD and death: repeated contact with 155 

participants, contact with family physicians, and annual review of medical records and 156 

consultation of the National Death Index. Information regarding the health and medication 157 

status of the participants was collected from yearly programmed visits and medical records.  158 

 159 

Statistical analyses  160 

Baseline characteristics of participants were presented as mean±SD or percentages. For 161 

total protein consumption, we performed a dual analysis as follows: (a) evaluated as E% of 162 

protein and then categorized into quintiles; (b) evaluated as g prot/kg BW/d, establishing 163 
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three categories (<1; 1-1.5; >1.5 g prot/kg BW/d) with the middle category as the reference, 164 

according to the latest recommendations from the ESPEN 5. Sources of protein intake (i.e. 165 

animal and vegetable) and ratio between them, were evaluated as E%, and then categorized 166 

into quintiles.  167 

We excluded from the analysis those subjects with incomplete dietary data and those who 168 

had extremes of total energy intake (>4000 or <800 kcal/day in men and >3500 or <500 169 

kcal/day in women). Total energy intake was used to adjust all nutrients 24. Total time of 170 

follow-up time was computed as the difference between the date of the cardiovascular 171 

event, death, or end of follow-up and the date of randomization. WCBMI was calculated as 172 

the gender-specific linear regression of WC on BMI.  173 

In order to explore the correlation between body weight or abdominal obesity and protein 174 

consumption, we computed the cumulative average of the BMI, BW and WCBMI throughout 175 

the study’s follow-up period. The cumulative average of BMI, BW or WCBMI was used as 176 

the dependent variable, and protein consumption (both continuous and quintile-defined) 177 

was used as independent variable.  178 

Cox proportional hazards regression models were fitted to estimate hazard ratios (HR) and 179 

the corresponding 95%CIs for BW and WCBMI changes, cardiovascular event and death, 180 

cancer death, and all-cause death. BW and WCBMI changes were calculated as the 181 

difference between the cumulative average of non-baseline visits and the baseline visit, to 182 

account for body oscillations throughout the follow-up. We used the cumulative average 183 

approach (with data from baseline to the last FFQ before onset of disease) to assign an 184 

individual’s protein intake because it minimizes measurement error by using all previous 185 

dietary assessments during follow-up 25.  186 
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To assess the type of relationship between protein intake and outcome, we entered protein 187 

intake as both a linear and a quadratic term in the model. P for quadratic trend (P q-trend) 188 

was calculated using the median value of each quintile in a polynomial analysis of the Cox 189 

regression models. Because the assessment of the U-shaped relationship between protein 190 

intake and the different outcomes was significant, the third quintile (Q3) of protein 191 

consumption was established as the reference. Interaction tests for sex and intervention 192 

group were not statistically significant for either BW and WCBMI changes, or fatal and non-193 

fatal outcomes. Macronutrient energy substitution models were used, where energy from 194 

protein replaced fat or carbohydrate 26. Therefore, the estimated regression coefficient has 195 

to be interpreted as the estimated effect of protein (according to quintiles) replacing E% of 196 

the omitted macronutrient while the energy of the other macronutrients is assumed to be 197 

constant. Model 1 was adjusted for intervention group, node, sex, age, BMI, smoking status 198 

(former or current smoker), leisure-time physical activity (metabolic equivalent task-min/d) 199 

and cumulative average alcohol intake (continuous, with an added quadratic term). Model 2 200 

and model 3 were also adjusted for the prevalence of diabetes, hypertension, 201 

hypercholesterolemia, family history of coronary heart disease, use of aspirin, 202 

antihypertensive medication, oral antidiabetic medication, insulin medication, 203 

hypocholesterolemic medication, and nutritional variables: percentage of total energy 204 

intake, energy from fats (in model 2), energy from carbohydrates (in model 3), energy-205 

adjusted omega-3 fatty acids and fiber, and glycemic index.  206 

Additional Cox regression models were used to assess the risk of increases BW or WCBMI, 207 

and the risk of CV event, total death, cardiovascular death and cancer death in terms of 208 

cumulative average E% of protein intake. On the basis of previous publications, we 209 

established three categories: normal ([15-20]E%), low (<15E%) and high (>20E%) 15,16,27. 210 
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All statistical tests were two-tailed, and the significance level was set at P < 0.05. The 211 

Bonferroni post-hoc test was used to correct for multiple comparisons. Statistical analysis 212 

was performed using SPSS.20 for Windows (SPSS Inc, Chicago, IL).  213 
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RESULTS 214 

Of the 7,447 subjects in the PREDIMED cohort, 7,216 were included in this secondary 215 

analysis. Subjects with extremes of total energy intake (n=153) and with incomplete dietary 216 

data at baseline were excluded (n=78). The baseline characteristics of the study population 217 

according to the quintile of cumulative average E% from total protein are shown in Table 1. 218 

Participants in the highest quintile of dietary protein had a higher prevalence of diabetes 219 

and a family history of CV disease, but a lower prevalence of hypertension. During a 220 

median follow-up of 4.8 years, the following events were detected: 186 of weight loss, 149 221 

of weight gain (10% cut-off), 486 of WCBMI incidence and 378 of WCBMI reversion.  A 222 

total of 323 deaths (81 cardiovascular, 130 cancer and 112 other causes) and 277 223 

cardiovascular events occurred. 224 

 225 

Protein intake, changes in body weight and waist circumference 226 

After possible confounders had been adjusted for, in both continuous and quintile-defined 227 

variables, and carbohydrate and fat substitution models, higher BMI and BW were 228 

observed to have positive significant relationships with total E% protein intake, protein 229 

from animal sources and animal-to-vegetable protein ratio but not vegetable protein intake 230 

(Table S1). In the case of WCBMI, this positive association was also observed for vegetable 231 

protein, but not for the animal-to-vegetable protein ratio. 232 

In Cox regression analysis, subjects in the highest quintile of total dietary protein intake 233 

showed a significant 90% greater risk of increasing BW (higher or equal to 10%) than 234 

subjects in the reference quintile (third quintile; Figure 1) when protein replaced 235 

carbohydrates. No significant association between total dietary protein intake and changes 236 

in WCBMI was observed (Figure 2). No significant associations were observed between the 237 
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source of protein and BW changes, although subjects in the lowest quintile of vegetable 238 

protein showed an unexpected lower risk of weight loss (Figure 1) and both WCBMI 239 

incidence and reversion (Figure 2) in carbohydrate and fat substitution models. Similarly, 240 

no significant associations between total dietary protein intake and changes in either body 241 

weight or WCBMI  were observed when total protein intake was evaluated as g/kg BW/d 242 

(Table 3). In a sensitivity analysis, subjects were divided into the following groups: normal 243 

(15-20E%), low (<15E%) and high (>20E%) protein consumption (Table S2). Risk of body 244 

weight gain was significantly higher in the high-protein intake group than in the normal 245 

group, when protein replaced carbohydrates, and a borderline significance when replaced 246 

fat (HR: 2.03; 95% CI: 1.07, 3.86: P q-trend = 0.03; HR: 1.87; 95% CI: 0.99, 3.53; P q-247 

trend = 0.03, respectively), even after adjusting for potential confounders. We failed to find 248 

any association with risk of WCBMI incidence or reversion in the sensitivity analysis (Table 249 

S2). 250 

 251 

Protein intake and fatal and non-fatal outcomes 252 

Table 2 shows the HRs for cardiovascular events and other cause-specific death for total 253 

protein intake. Participants in the highest quintile of dietary protein intake had a 59% and 254 

66% greater risk than those in the middle quintile of all-cause death in the carbohydrate or 255 

fat substitution models respectively, even after adjusting for potential confounders. 256 

However, total dietary protein intake showed no significant association with either 257 

cardiovascular events, or cardiovascular or cancer death (Table 2). A positive association 258 

was also observed between the intake of >1.5 g protein/kg BW/d and the risk of 259 

cardiovascular and all-cause death compared with 1.0-1.5 g/kg BW/d category (Table 3). 260 
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In both carbohydrate and fat substitution models, subjects in the highest quintile of animal 261 

protein showed a significant risk of cardiovascular event, and cardiovascular, cancer and 262 

all-cause death (Table 4). Accordingly, a higher animal-to-vegetable protein ratio was 263 

associated with a higher risk of cancer death and all-cause death, whereas a higher risk of 264 

cancer death was also observed in the lowest quintile of vegetable protein intake when 265 

protein replaced carbohydrates or fats (Table 4). In addition, when our population was 266 

divided into normal, low and high protein consumption, the high protein intake was 267 

observed to have a significant relationship with cancer death and all-cause death (Table S2) 268 

compared with the middle category.  269 
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DISCUSSION 270 

The main findings of the present study indicate that long-term high protein intake seems to 271 

be associated with an increased risk of weight gain, and overall death in middle-aged 272 

subjects and older adults at high cardiovascular risk, compared with moderate consumption. 273 

Moreover, higher animal protein consumption was associated with an increased risk of 274 

cardiovascular event and cardiovascular, cancer and total death, compared with moderate 275 

consumption. 276 

Dietary protein intake and body weight 277 

The beneficial effects ascribed to dietary protein –higher thermogenesis, increased satiety 278 

and decreased subsequent meal energy intake 12,28– have led to it being used as an effective 279 

dietary strategy for losing weight and fighting overweight and obesity. It has also been 280 

claimed that high dietary protein intake is useful for improving blood pressure and lipid 281 

profile 29,30, decreasing insulin levels 31 and controlling T2D 32. However, whereas there is 282 

general consensus about its beneficial short-term effects, the long-term effects on BW and 283 

metabolic risk markers are more controversial, ranging from non-effective to harmful 15. 284 

According to a recent meta-analysis of 15 RCT of HPD (≥25E% as protein) with follow-up 285 

periods between 12-24 months, they have neither beneficial nor detrimental effects on BW, 286 

waist circumference or body composition compared to LPD (≤20E% as protein) 11. In 287 

contrast, one of the largest prospective studies conducted so far –with a total of 89,432 288 

subjects from the EPIC cohort and a mean follow-up of 6.5 years– failed to find any 289 

association between high intake of energy as protein and weight loss. However, it did report 290 

a positive relationship between consumption of animal protein and weight gain 12. 291 

Similarly, a higher intake of total protein or animal protein was associated with a greater 292 

risk of overweight and obesity in men after 7-years of follow-up 33. A recent sophisticated 293 
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analysis, in which characteristics of an RCT were mimicked in the observational data from 294 

a cohort study, showed that subjects with a high protein intake had a significantly lower 295 

weight gain when matched on dietary variables in combination with body characteristics. 296 

However, when matched only on dietary variables, protein intake was not observed to have 297 

any effect on annual weight changes. The authors suggested that physiological mechanisms 298 

that potentially explain the relationship between protein intake and weight control could be 299 

related to the amount of body fat 14. In our study, even after adjusting for BMI and other 300 

potential confounders, we found significant increases in body weight in those subjects with 301 

a higher consumption of total protein (expressed as E%, but not as g prot/BW/d) and a non-302 

significant increased risk of weight gain in those with a higher consumption of animal 303 

protein, suggesting that sources of protein may have a different long-term effect on BW. 304 

However, we failed to find any significant association between dietary protein intake and 305 

WCBMI, as a degree of abdominal obesity.   306 

Dietary protein intake and fatal and non-fatal outcomes 307 

Concern is increasing not only about the role that protein plays in body weight, but also 308 

about the extent to which HPD affect risk of death. In a recent systematic review, the 309 

analysis of seven large-scale prospective cohort studies in healthy adults inconclusively 310 

suggested a possible relationship between cardiovascular disease or risk of all-cause death 311 

and total or animal protein intake, while an inverse association was suggested between 312 

cardiovascular death and vegetable protein intake 15. In agreement with most studies, we 313 

found a higher risk of all-cause death in those subjects in the highest quintile or category of 314 

total protein intake (i.e. E% or g prot/BW/d), and animal protein consumption. However, 315 

we failed to find that vegetable protein was related to lower risk. The association between 316 

total dietary protein intake and all-cause death was even stronger when subjects with a 317 
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protein intake of >20E% were compared with subjects with a normo-protein intake (15-318 

20E%).     319 

Additionally, we observed a non-significant trend to a higher risk of cardiovascular death 320 

related to the highest consumption of total protein. However, in agreement with the 321 

hypothesis that the source of dietary protein will have different effects on the cause of 322 

death, the higher consumption of animal protein was associated with a significantly 323 

increased risk of cardiovascular disease and cardiovascular and cancer death but not the 324 

consumption of vegetable protein. Similarly, the animal-to-vegetable protein ratio was 325 

positively associated with cancer death and all-cause death, suggesting that the amount of 326 

protein derived from animal sources accounts for a considerable proportion of the 327 

association between overall protein intake and all-cause death. Our results are in agreement 328 

with those derived from a pooled analysis of 85,168 subjects from the NHS and 44,548 329 

subjects from the HPFS 34 which show that protein from animal sources was related to 330 

higher cancer death.  331 

Several mechanisms may explain the increased risk of all-cause death associated with a 332 

higher intake of protein. An increase in protein consumption may lead to increased 333 

glomerular pressure and renal disease 35, and, in turn, to a higher risk  of cardiovascular 334 

death 36. Also, animal and vegetable protein  has different effects on the glucose and lipid 335 

metabolism 15. In a recent meta-analysis of 15 long-term RCTs, however, no significant 336 

differences were reported in insulin circulating levels after a low-fat diet that was either low 337 

or high in protein 11. In addition, the different effect of animal or vegetable protein on death 338 

risk could be due to differences in the amino acid composition as is the case with insulin 339 

resistance status 31,37,38. Essential sulphur-containing amino acids, which are mainly present 340 

in animal-containing foods, have also been associated with increased BMI in middle-aged 341 
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men 39. Moreover, some experimental studies conducted in animals have suggested that the 342 

dietary macronutrient composition could modulate the hypothalamic orexin/hypocretin 343 

system, thus promoting food consumption 40. Likewise, the decrease in food intake 344 

associated with a protein-enriched diet could be counterbalanced by the hypothalamic 345 

melanocortin system to protect the body against weight variation 41.  346 

Strengths and limitations 347 

Our study has some potential limitations that should be mentioned. Because it was 348 

conducted in middle-aged subjects and older adults with a high risk of CVD, our findings 349 

cannot be extrapolated to the general population. Moreover, PREDIMED is a clinical trial 350 

and the sub-analysis has been conducted as an observational cohort, so although the 351 

statistical analyses have been adjusted for each intervention group, a potential residual 352 

effect of dietary intervention on the final results cannot be discounted. Also, although other 353 

major potential confounders have been adjusted in the current approach, we cannot 354 

completely rule out the possibility of residual confounding from measured and unmeasured 355 

factors. The lack of specific measurements of body composition and protein metabolism, 356 

such as DEXA and urinary nitrogen, could limit our findings. Finally, it should also be 357 

taken into account that the E% evaluated by quintiles of protein in the PREDIMED cohort 358 

fluctuates from 13.9 to 19.5, a narrower range than has been found by other studies based 359 

on hyperproteic diets. 360 

In contrast, our study is the first to have evaluated the efficacy and safety of protein 361 

consumption at the same time. It has a large sample of subjects, followed up subjects for a 362 

medium-long period, and accurately ascertained CV events and death. We also used the 363 

cumulative average method, which corrects for fluctuating values of protein consumption, 364 

and changes in body weight or fat distribution during the follow-up. Finally, we used 365 
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macronutrient energy substitution models to analyse the association between dietary protein 366 

intake and several outcomes when this intake replaced carbohydrates or fats. 367 

Conclusions 368 

Taken together, the results of our study do not support the generalised use of high protein 369 

diets as a tool for better weight control in the long term and indicate that in middle-aged 370 

subjects or older adults these diets can have potentially adverse health consequences related 371 

to cardiovascular disease and cancer. There is a huge need for further molecular and 372 

clinical studies to elucidate the mechanisms by which the quantity and source of protein can 373 

differentially affect body composition and fatal and non-fatal outcomes, before recommend 374 

a high protein intake for a long-term. 375 
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TABLES 535 

Table 1. Baseline characteristics of study participants by quintiles (Q) of total protein intake 536 

 Cumulative average percentage of energy from total protein intake 

 Q1  

(n = 1443) 

Q2  

(n = 1443) 

Q3  

(n = 1444) 

Q4  

(n = 1443) 

Q5  

(n = 1443) 

P value 

Female sex, % (n) 37.8 (546) 50.2 (724) 58.7 (848) 67.4 (972) 73.1 (1055) <0.001 

Age, years 67 ± 6 67 ± 6 67 ± 6 67 ± 6 67 ± 6 0.01 

BMI, kg/m2 29.7  ±  3.7 29.7  ±  3.7 30.0  ±  3.6 30.1  ±  4 30.3  ±  4.2 <0.001 

Weight, kg 78.7  ±  11.6 76.8  ±  12.0 76.7  ±  11.7 76.1  ±  12.3 75.5  ±  12.0 <0.001 

Waist circumference, cm 101 ± 10 100 ± 11 101 ± 10 100 ± 11 100 ± 11 0.004 

Leisure-time physical activity, MET-

min/day 

245  ±  269 229  ±  222 231  ±  237 225  ±  239 225  ±  226 <0.001 

Smoking status, % (n)      <0.001 

Never  47.1 (679) 55.6 (803) 62.6 (904) 69.9 (1008) 72.4 (1045)  

Current 22.7 (327) 15.3 (221) 13.3 (192) 9.6 (139) 8.7 (125)  

Former 30.3 (437) 29.0 (419) 24.1 (348) 20.5 (296) 18.9 (273)  

Educational level, % (n)      <0.001 

Primary education 73.7 (1058) 74.9 (1068) 76.2 (1072) 79.9 (1127) 81.6 (1146)  

Secondary education 17.4 (250) 17.3 (246) 15.9 (224) 14.6 (206) 12.1 (170)  

Academic/graduate 8.9 (128) 7.8 (111) 7.9 (111) 5.5 (78) 6.3 (88)  

Prevalence of diabetes, % (n) 36.9 (533) 46.4 (669) 48.1 (695) 51.9 (749) 59.8 (863) <0.001 

Prevalence of hypertension, % (n) 83.6 (1206) 82.8 (1195) 84.6 (1222) 82.7 (1193) 80.0 (1154) 0.02 

Prevalence of hypercholesterolemia, % (n) 71.7 (1034) 72.3 (1044) 73.3 (1058) 72.5 (1046) 71.4 (1030) 0.81 

Family history of CVD, % (n) 19.6 (283) 20.2 (291) 22.3 (322) 24.4 (352) 25.1 (362) <0.001 

Medication use, % (n)       

Aspirin 22.9 (331) 23.8 (344) 23.0 (332) 20.7 (299) 21.3 (307) 0.52 

Oral antidiabetic drugs 23.8 (344) 30.4 (439) 32.0 (462) 34.6 (499) 40.1 (579) <0.001 

Insulin 3.7 (54) 5.6 (81) 7.0 (101) 7.2 (104) 10.9 (157) <0.001 

Antihypertensive drugs 74.3 (1072) 71.5 (1032) 73.9 (1067) 71.2 (1027) 72.8 (1050) 0.44 

Statins 45.3 (653) 47.4 (684) 47.7 (689) 50.5 (728) 50.2 (725) 0.07 

Total energy intake, Kcal/d  2453.2 ± 

572.5 

2346.4 ± 

526.0 

2256.1 ± 

520.4 

2153.2 ± 

498.5 

1972.0 ± 

469.5 

<0.001 

Protein, g/day 83.0 ± 20.0 89.7 ± 20.3 92.7 ± 20.7 94.6 ± 21.6 96.6 ± 21.6 <0.001 

Total protein, % of energy 13.6 ± 1.6 15.4 ± 1.6 16.6 ± 1.7 17.7 ± 1.8 19.8 ± 2.4 <0.001 

Animal protein, % of energy 8.3 ± 1.8 10.0 ± 1.9 11.1 ± 2.0 12.2 ± 2.1 14.2 ± 2.7 <0.001 

Vegetable protein, % of energy 5.3 ± 1.1 5.4 ± 1.0 5.4 ± 1.0 5.5 ± 1.1 5.6 ± 1.1 <0.001 

Animal-to-vegetable protein ratio  1.7 ± 0.6 2.0 ± 0.7 2.2 ± 0.8 2.4 ± 0.8 2.7 ± 1.1 <0.001 

Carbohydrates, % of energy 42.7 ± 7.6 42.0 ± 7.3 41.7 ± 7.1 41.5 ± 6.8 41.0 ± 6.8 <0.001 

Fats, % of energy 39.2 ± 7.1 40.0 ± 7.0 39.6 ± 6.8 39.2 ± 6.6 38.1 ± 6.4 <0.001 

Saturated fat 9.7 ± 2.1 10.1 ± 2.3 10.1 ± 2.2 10.1 ± 2.2 9.9 ± 2.3 <0.001 

Monounsaturated fat 19.9 ± 4.8 20.0 ± 4.8 19.7 ± 4.6 19.4 ± 4.4 18.6 ± 4.1 <0.001 
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Data are expressed as mean ± SD or % (n). P values for comparisons across quintiles of cumulative average energy from total protein (Pearson χ
2 test 537 

for categorical variables or one-factor analysis of variance for continuous variables) as appropriate. BMI, body mass index; MET, metabolic equivalent 538 
task; CVD, cardiovascular disease.  539 

Polyunsaturated fat 6.4 ± 2.2 6.4 ± 2.1 6.3 ± 2.0 6.2 ± 2.0 5.8 ± 1.9 <0.001 

Alcohol, % of energy 4.5 ± 5.4 2.7 ± 3.8 2.1 ± 3.2 1.6 ± 2.9 1.1 ± 2.1 <0.001 

Fiber, energy adjusted g/d 23.3 ± 7.8 24.6 ± 7.5 25.1 ± 7.3 26.0 ± 7.4 27.2 ± 7.0 <0.001 

Omega-3 fatty acids, energy-adjusted, g/d 1.9 ± 0.7 2.1 ± 0.8 2.2 ± 0.8 2.3 ± 0.8 2.4 ± 0.8 <0.001 

Glycemic index 54.9 ± 5.8 54.4 ± 5.7 53.8 ± 5.7 53.1 ± 5.6 51.8 ± 5.9 <0.001 
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Table 2. Hazard ratios of cardiovascular events or death for different causes according to quintiles (Q) of 540 

total protein intake 541 

Cox proportional hazards models were used to assess the risk of death by quintiles of cumulative average total protein intake (%E). Data is presented as 542 
HRs and 95% CIs. Multivariable models were adjusted for intervention group, node, sex, age in years, body mass index (kg/m2), smoking status 543 
(former or current smoker), leisure time physical activity (metabolic equivalent task-min/d), cumulative average alcohol intake (continuous, adding a 544 
quadratic term), prevalence of diabetes, hypertension, hypercholesterolemia, family history of coronary heart disease, use of aspirin, antihypertensive 545 
medication, oral antidiabetic medication, insulin medication and hypocholesterolemic medication; and nutritional variables as follows: quintiles of 546 
cumulative average percentage of total energy intake, energy from fats (in model 2), energy from carbohydrates (in model 3), energy-adjusted omega-3 547 
fatty acids and fiber, and glycemic index. Extremes of total energy intake were excluded. P for q-trend stands for the evaluation of the quadratic model. 548 
(a) stands for significant (P < 0.05) in linear trend.  549 

 Quintiles of cumulative average percentage of energy from total protein intake  

 Q1 

(n = 1443) 

Q2 

(n = 1443) 

Q3 

(n = 1444) 

Q4 

(n = 1443) 

Q5 

(n = 1443) 

P q-trend 

Median (% of energy) 13.87 15.40 16.47 17.63 19.45  

Cardiovascular event, % (n) 4.9 (70) 3.4 (49) 3.9 (56) 3.0 (44) 4.0 (58)  

Person-years, n 6244 6325 6348 6190 5934  

Crude Model 1.27 (0.89, 1.80) 0.88 (0.60, 1.29) 1.00 (Referent) 0.80 (0.54, 1.19) 1.12 (0.77, 1.61) 0.03 

Model 1 1.08 (0.74, 1.57) 0.82 (0.56, 1.22) 1.00 (Referent) 0.90 (0.60, 1.34) 1.31 (0.90, 1.91) 0.05 

Model 2 0.89 (0.60, 1.33) 0.75 (0.51, 1.12) 1.00 (Referent) 0.91 (0.60, 1.37) 1.33 (0.88, 2.01) 0.16 

Model 3 0.89 (0.59, 1.32) 0.75 (0.51, 1.11) 1.00 (Referent) 0.92 (0.61, 1.38) 1.38 (0.92, 2.07) 0.14 

Cardiovascular death, % (n) 1.7 (24) 1.3 (19) 0.9 (13) 0.7 (10) 1.0 (15)  

Person-years, n 6333 6336 6173 6108 6129  

Crude Model 1.89 (0.96, 3.71) 1.46 (0.72, 2.97) 1.00 (Referent) 0.78 (0.34, 1.79) 1.25 (0.59, 2.62) 0.10 

Model 1 1.25 (0.60, 2.60) 1.20 (0.59, 2.45) 1.00 (Referent) 0.98 (0.43, 2.24) 1.81 (0.85, 3.88) 0.13 

Model 2 1.02 (0.47, 2.25) 1.08 (0.52, 2.27) 1.00 (Referent) 1.03 (0.44, 2.42) 2.09 (0.92, 4.78) 0.17 

Model 3 1.03 (0.46, 2.30) 1.09 (0.52, 2.31) 1.00 (Referent) 1.03 (0.44, 2.42) 2.10 (0.93, 4.75) 0.16 

Cancer death, % (n) 2.6 (37) 1.5 (22) 1.9 (27) 1.2 (17) 1.9 (27)  

Person-years, n 6333 6336 6173 6108 6129  

Crude Model 1.39 (0.85, 2.28) 0.82 (0.47, 1.44) 1.00 (Referent) 0.65 (0.36, 1.20) 1.10 (0.64, 1.87) 0.04 

Model 1 1.09 (0.63, 1.87) 0.74 (0.42, 1.31) 1.00 (Referent) 0.76 (0.41, 1.41) 1.40 (0.80, 2.43) 0.05 

Model 2 0.91 (0.51, 1.60) 0.69 (0.39, 1.22) 1.00 (Referent) 0.78 (0.42, 1.45) 1.48 (0.83, 2.67) 0.19 

Model 3 0.80 (0.45, 1.43) 0.66 (0.37, 1.18) 1.00 (Referent) 0.77 (0.42, 1.44) 1.44 (0.80, 2.59) 0.21 

All-cause death, % (n) 6.6 (95) 4.0 (57) 3.9 (57) 3.1 (45) 4.8 (69)  

Person-years, n 6333 6336 6173 6108 6129  

Crude Model 1.70 (1.23, 2.36) 1.00 (0.70, 1.45) 1.00 (Referent) 0.81 (0.55, 1.20) 1.31 (0.92, 1.87) <0.001 

Model 1 1.40 (0.98, 2.00) 0.91 (0.63, 1.32) 1.00 (Referent) 0.91 (0.62, 1.35) 1.61 (1.12, 2.32) <0.001 

Model 2 1.22 (0.84, 1.77) 0.88 (0.60, 1.28) 1.00 (Referent) 0.93 (0.63, 1.39) 1.59 (1.08, 2.35) <0.001 

Model 3 1.17 (0.80, 1.70) 0.86 (0.59, 1.25) 1.00 (Referent) 0.95 (0.64, 1.42) 1.66 (1.13, 2.43) <0.001 
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 550 

 551 
 Table 3. Hazard ratios of body weight and WCBMI changes, and cardiovascular event or mortality for 552 

different causes according to intake of g protein/kg BW per day into three categories. 553 

 Categories of cumulative average protein intake (g protein/kg BW/day)  

 < 1.0 

 (n = 1737) 

[1.0, 1.5] 

 (n = 4461) 

> 1.5 

 (n = 1018) 

P q-trend 

Median (g protein/kg BW/day ) 0.89 1.21 1.64  

Anthropometry outcomes 

Body weight gain (10% cut-off), % (n) 2.2 (37) 2.1 (93) 1.9 (19)  

Crude Model 1.24 (0.84, 1.81) 1.00 (Referent) 0.89 (0.55, 1.47) 0.77 

Model 1 1.13 (0.76, 1.66) 1.00 (Referent) 0.93 (0.56, 1.54) 0.90 

Model 2 1.06 (0.64, 1.74) 1.00 (Referent) 0.98 (0.53, 1.84) 0.91 

Body weight loss (10% cut-off), % (n) 2.6 (45) 2.4 (105) 3.6 (36)  

Crude Model 1.31 (0.92, 1.86) 1.00 (Referent) 1.47 (1.01, 2.14) 0.03 

Model 1 1.19 (0.83, 1.69) 1.00 (Referent) 1.43 (0.97, 2.11) 0.08 

Model 2 1.13 (0.72, 1.77) 1.00 (Referent) 1.25 (0.74, 2.09) 0.28 

WCBMI incidence, % (n) 6.5 (106) 7.3 (311) 7.2 (69)  

Crude Model 1.09 (0.87, 1.36) 1.00 (Referent) 0.97 (0.74, 1.25) 0.79 

Model 1 0.90 (0.72, 1.13) 1.00 (Referent) 1.26 (0.96, 1.64) 0.50 

Model 2 1.05 (0.79, 1.38) 1.00 (Referent) 1.04 (0.74, 1.47) 0.66 

WCBMI reversion, % (n) 5.8 (94) 5.5 (229) 5.8 (55)  

Crude Model 1.34 (1.05, 1.70) 1.00 (Referent) 1.02 (0.76, 1.37) 0.15 

Model 1 1.13 (0.88, 1.45) 1.00 (Referent) 1.12 (0.83, 1.52) 0.28 

Model 2 1.04 (0.76, 1.42) 1.00 (Referent) 1.20 (0.81, 1.76) 0.34 

Fatal and non-fatal outcomes 

Cardiovascular event, % (n) 3.8 (66) 3.7 (163) 4.7 (48)  

Crude Model 1.15 (0.86, 1.53) 1.00 (Referent) 1.30 (0.94, 1.80) 0.10 

Model 1 0.94 (0.69, 1.28) 1.00 (Referent) 1.53 (1.08, 2.18) 0.14 

Model 2 0.92 (0.64, 1.32) 1.00 (Referent) 1.42 (0.93, 2.16) 0.32 

Cardiovascular mortality, % (n) 1.0 (17) 1.0 (43) 2.1 (21)  

Crude Model 1.14 (0.65, 1.99) 1.00 (Referent) 2.15 (1.28, 3.62) 0.04 

Model 1 0.82 (0.45, 1.48) 1.00 (Referent) 3.14 (1.75, 5.62) 0.03 

Model 2 0.92 (0.46, 1.84) 1.00 (Referent) 2.77 (1.35, 5.68) 0.06 

Cancer mortality, % (n) 2.2 (39) 1.8 (80) 1.1 (11)  

Crude Model 1.41 (0.96, 2.07) 1.00 (Referent) 0.61 (0.32, 1.14) 0.70 

Model 1 1.33 (0.88, 2.02) 1.00 (Referent) 0.69 (0.35, 1.33) 0.82 

Model 2 0.93 (0.56, 1.53) 1.00 (Referent) 0.95 (0.48, 2.02) 0.81 

All-cause mortality, % (n) 5.5 (95) 3.9 (174) 5.3 (54)  

Crude Model 1.58 (1.23, 2.03) 1.00 (Referent) 1.36 (1.00, 1.85) <0.001 

Model 1 1.42 (1.09, 1.86) 1.00 (Referent) 1.48 (1.06, 2.06) <0.001 

Model 2 1.28 (0.93, 1.76) 1.00 (Referent) 1.54 (1.04, 2.29) <0.001 
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BMI, (body mass index), WCBMI (waist circumference corrected by BMI). Cox proportional hazards models were used to assess the risk of weight 554 
change (10% from baseline), WCBMI change (incidence and reversion), cardiovascular event, and death by different causes, by categories of cumulative 555 
average grams of protein/kg body weight (BW) per day. Data is presented as HRs and 95% CIs. Multivariable models were adjusted for intervention 556 
group, node, sex, age in years, smoking status (former or current smoker), leisure time physical activity (metabolic equivalent task-min/d), cumulative 557 
average alcohol intake (continuous, adding a quadratic term) (model 1). Model 2 was also adjusted for: prevalence of diabetes, hypertension, 558 
hypercholesterolemia, family history of coronary heart disease, use of aspirin, antihypertensive medication, oral antidiabetic medication, insulin 559 
medication and hypocholesterolemic medication; and nutritional variables as follows: quintiles of cumulative average percentage of total energy intake, 560 
fats (in g protein/kg body weight/ day), carbohydrates (in g protein/kg body weight/day), energy-adjusted omega-3 fatty acids and fiber, and glycemic 561 
index. Extremes of total energy intake were excluded. P for q-trend stands for the evaluation of the quadratic model... 562 
“Weight gain” and “Weight loss” were defined when participants gained or loss ≥10% of body weight, respectively. “WCBMI incidence” and “WCBMI 563 
reversion” were defined according to the metabolic syndrome criteria (i.e. ≥88 cm for women and ≥102 cm for men). Comparisons of both weight and 564 
WCBMI groups were performed against the “maintenance group” (i.e. no weight gain/loss, or no WCBMI incidence/reversion, as appropriate). 565 
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Table 4. Hazard ratios of cardiovascular events or death for different causes according to quintiles (Q) of different sources of protein intake 566 

 567 
 Quintiles of cumulative average percentage of energy from protein intake from different sources  

 Q1 Q2 Q3 Q4 Q5 P q-trend 

Animal protein, median E% 8.25 9.84 10.95 12.11 13.90  

Cardiovascular event, % (n) 4.7 (68) 3.6 (52) 3.1 (45) 3.7 (53) 4.1 (59)  

Crude Model 1.63 (1.12, 2.37) 1.18 (0.79, 1.77) 1.00 (Referent) 1.20 (0.81, 1.79) 1.44 (0.97, 2.12) 0.01 

Model 2 1.13 (0.74, 1.71) 1.00 (0.67, 1.51) 1.00 (Referent) 1.45 (0.97, 2.19) 1.88 (1.23, 2.88) 0.02 

Model 3 1.14 (0.74, 1.73) 1.01 (0.67, 1.52) 1.00 (Referent) 1.46 (0.97, 2.19) 1.88 (1.23, 2.86) 0.03 

Cardiovascular death, % (n) 1.6 (23) 1.1 (16) 0.9 (13) 0.8 (11) 1.2 (18)  

Crude Model 1.92 (0.97, 3.79) 1.26 (0.61, 2.63) 1.00 (Referent) 0.85 (0.38, 1.91) 1.53 (0.75, 3.13) 0.03 

Model 2 1.14 (0.53, 2.43) 0.90 (0.42, 1.92) 1.00 (Referent) 1.24 (0.54, 2.86) 3.06 (1.39, 6.74) 0.01 

Model 3 1.17 (0.54, 2.52) 0.91 (0.43, 1.96) 1.00 (Referent) 1.23 (0.54, 2.83) 2.98 (1.36, 6.51) 0.02 

Cancer death, % (n) 2.6 (38) 1.2 (17) 1.6 (23) 1.7 (24) 1.9 (28)  

Crude Model 1.78 (1.06, 2.99) 0.75 (0.40, 1.41) 1.00 (Referent) 1.06 (0.60, 1.88) 1.34 (0.77, 2.33) 0.01 (a) 

Model 2 1.15 (0.64, 2.05) 0.61 (0.32, 1.16) 1.00 (Referent) 1.17 (0.65, 2.10) 1.85 (1.03, 3.34) 0.02 

Model 3 1.03 (0.57, 1.85) 0.58 (0.31, 1.11) 1.00 (Referent) 1.23 (0.68, 2.21) 1.81 (1.00, 3.31) 0.04 

All-cause death, % (n) 6.3 (91) 3.8 (55) 3.9 (56) 3.4 (49) 5.0 (72)  

Crude Model 1.76 (1.26, 2.45) 1.01 (0.69, 1.46) 1.00 (Referent) 0.88 (0.60, 1.30) 1.42 (1.00, 2.01) <0.001 

Model 2 1.27 (0.87, 1.84) 0.88 (0.60, 1.29) 1.00 (Referent) 1.10 (0.74, 1.63) 1.86 (1.27, 2.73) <0.001 

Model 3 1.24 (0.86, 1.81) 0.88 (0.60, 1.29) 1.00 (Referent) 1.12 (0.76, 1.65) 1.92 (1.31, 2.82) <0.001 

Vegetable protein, median E% 4.48 5.06 5.49 5.94 6.59  

Cardiovascular event, % (n) 4.6 (66) 3.6 (52) 3.4 (49) 3.7 (54) 3.9 (56)  

Crude Model 1.29 (0.89, 1.87) 1.04 (0.70, 1.54) 1.00 (Referent) 1.16 (0.79, 1.71) 1.40 (0.96, 2.06) 0.05 

Model 2 0.91 (0.60, 1.40) 0.94 (0.62, 1.41) 1.00 (Referent) 1.23 (0.82, 1.83) 1.36 (0.86, 2.15) 0.61 

Model 3 0.84 (0.55, 1.29) 0.91 (0.60, 1.36) 1.00 (Referent) 1.24 (0.83, 1.85) 1.38 (0.88, 2.17) 0.74 
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Cardiovascular death, % (n) 1.4 (20) 1.0 (15) 1.5 (21) 1.0 (14) 0.8 (11)  

Crude Model 0.89 (0.48, 1.64) 0.71 (0.36, 1.37) 1.00 (Referent) 0.71 (0.36, 1.39) 0.66 (0.32, 1.37) 0.69 

Model 2 0.52 (0.25, 1.07) 0.56 (0.28, 1.14) 1.00 (Referent) 0.78 (0.38, 1.59) 0.73 (0.30, 1.75) 0.14 

Model 3 0.45 (0.22, 0.95) 0.57 (0.28, 1.15) 1.00 (Referent) 0.80 (0.39, 1.63) 0.78 (0.32, 1.88) 0.22 

Cancer death, % (n) 2.9 (42) 1.4 (20) 1.4 (20) 1.6 (23) 1.7 (25)  

Crude Model 2.04 (1.19, 3.48) 0.98 (0.52, 1.81) 1.00 (Referent) 1.22 (0.67, 2.22) 1.60 (0.89, 2.89) 0.003 

Model 2 1.82 (1.01, 3.30) 0.96 (0.50, 1.82) 1.00 (Referent) 1.31 (0.71, 2.42) 1.37 (0.69, 2.72) 0.05 

Model 3 1.84 (1.01, 3.35) 0.96 (0.51, 1.82) 1.00 (Referent) 1.30 (0.70, 2.40) 1.39 (0.70, 2.75) 0.04 

All-cause death, % (n) 6.1 (88) 4.0 (57) 4.2 (60) 3.7 (54) 4.4 (64)  

Crude Model 1.38 (0.99, 1.92) 0.93 (0.65, 1.34) 1.00 (Referent) 0.96 (0.66, 1.38) 1.36 (0.96, 1.94) 0.003 

Model 2 1.04 (0.72, 1.52) 0.86 (0.59, 1.25) 1.00 (Referent) 1.01 (0.70, 1.48) 1.28 (0.84, 1.94) 0.16 

Model 3 1.02 (0.70, 1.49) 0.85 (0.58, 1.24) 1.00 (Referent) 1.01 (0.70, 1.48) 1.32 (0.88, 2.00) 0.14 

Animal-to-vegetable protein ratio, median E% 1.40 1.75 2.03 2.31 2.85  

Cardiovascular event, % (n) 4.4 (63) 3.5 (50) 4.2 (60) 2.7 (39) 4.5 (65)  

Crude Model 1.18 (0.83, 1.68) 0.85 (0.58, 1.23) 1.00 (Referent) 0.63 (0.42, 0.95) 1.13 (0.79, 1.60) 0.02 

Model 2 0.94 (0.64, 1.38) 0.81 (0.55, 1.18) 1.00 (Referent) 0.67 (0.44, 1.01) 1.24 (0.84, 1.81) 0.07 

Model 3 0.90 (0.61, 1.34) 0.81 (0.55, 1.20) 1.00 (Referent) 0.67 (0.44, 1.01) 1.21 (0.81, 1.79) 0.12 

Cardiovascular death, % (n) 1.2 (17) 1.4 (20) 1.0 (14) 0.8 (11) 1.3 (19)  

Crude Model 1.38 (0.68, 2.80) 1.45 (0.73, 2.88) 1.00 (Referent) 0.76 (0.34, 1.67) 1.41 (0.71, 2.82) 0.18 

Model 2 1.08 (0.50, 2.32) 1.36 (0.67, 2.76) 1.00 (Referent) 0.79 (0.35, 1.78) 1.73 (0.82, 3.64) 0.22 

Model 3 1.19 (0.54, 2.64) 1.48 (0.71, 3.08) 1.00 (Referent) 0.84 (0.36, 1.94) 2.09 (0.95, 4.59) 0.11 

Cancer death, % (n) 2.2 (32) 1.7 (24) 1.2 (17) 1.6 (23) 2.4 (34)  

Crude Model 2.16 (1.20, 3.89) 1.45 (0.78, 2.70) 1.00 (Referent) 1.32 (0.70, 2.47) 2.10 (1.17, 3.76) 0.01 

Model 2 1.43 (0.77, 2.68) 1.34 (0.71, 2.51) 1.00 (Referent) 1.44 (0.76, 2.73) 2.67 (1.43, 4.97) 0.01 

Model 3 1.34 (0.71, 2.53) 1.32 (0.70, 2.48) 1.00 (Referent) 1.54 (0.81, 2.93) 2.82 (1.49, 5.33) 0.01 

All-cause death, % (n) 5.1 (74) 4.6 (67) 3.7 (54) 3.7 (53) 5.2 (75)  
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 568 

 569 
 570 
 571 
E% (percentage of energy). Cox proportional hazards models were used to assess the risk of death by quintiles of cumulative average protein intake (E%) from animal, vegetable and animal-to-vegetable protein ratio, as convenient. Data is presented 572 
as HRs and 95% CIs. Multivariable models were adjusted for intervention group, node, sex, age in years, body mass index (kg/m2), smoking status (former or current smoker), leisure time physical activity (metabolic equivalent task-min/d), 573 
cumulative average alcohol intake (continuous, adding a quadratic term), prevalence of diabetes, hypertension, hypercholesterolemia, family history of coronary heart disease, use of aspirin, antihypertensive medication, oral antidiabetic medication, 574 
insulin medication and hypocholesterolemic medication; and nutritional variables as follows: quintiles of cumulative average percentage of total energy intake, energy from fats (in model 2), energy from carbohydrates (in model 3), energy-adjusted 575 
omega-3 fatty acids and fiber, glycemic index and mutual adjustment for animal protein and vegetable protein (in quintiles). Extremes of total energy intake were excluded. P for q-trend stands for the evaluation of the quadratic model. (a) stands for 576 
significant (P < 0.05) in linear trend.  577 

Crude Model 1.57 (1.10, 2.22) 1.27 (0.89, 1.82) 1.00 (Referent) 0.95 (0.65, 1.39) 1.45 (1.02, 2.06) 0.002 

Model 2 1.22 (0.84, 1.78) 1.23 (0.86, 1.77) 1.00 (Referent) 1.01 (0.69, 1.48) 1.67 (1.15, 2.44) 0.01 

Model 3 1.20 (0.82, 1.76) 1.23 (0.86, 1.78) 1.00 (Referent) 1.04 (0.71, 1.53) 1.69 (1.15, 2.49) 0.02 
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FIGURE LEGENDS 578 

Figure 1. Associations between protein intake (in quintiles) and weight change (10% 579 

from baseline). 580 

Cox proportional hazards models were used to assess the risk of weight gain (left 581 

columns) or weight loss (right columns) by quintiles of cumulative average protein 582 

intake (in E%). Black circles (model 3) and white circles (model 4). Total protein (A1 583 

and A2), animal protein (B1 and B2), vegetable protein (C1 and C2) and animal-to-584 

vegetable protein ratio (D1 and D2) were evaluated. Results are from fully adjusted 585 

models: intervention group, node, sex, age, baseline body mass index (kg/m2), smoking 586 

status (former or current smoker), leisure time physical activity (metabolic equivalent 587 

task-min/d), cumulative average alcohol intake (continuous, with an added quadratic 588 

term), prevalence of diabetes, hypertension, hypercholesterolemia, family history of 589 

coronary heart disease, use of aspirin, antihypertensive medication, oral antidiabetic 590 

medication, insulin medication and hypocholesterolemic medication. The following 591 

nutritional variables were also used: quintiles of cumulative average percentage of total 592 

energy intake, energy from fats (in model 2), energy from carbohydrates (in model 3), 593 

energy-adjusted omega-3 fatty acids and fiber, and glycemic index. Extremes of total 594 

energy intake were excluded. * stands for P < 0.05. A “weight loss” event was defined 595 

as losing 10% or more of baseline weight; and a “weight gain” event was defined as 596 

gaining 10% or more of baseline weight. Comparisons were performed against the 597 

maintenance group (body weight gain lower than 10%, and body weight loss lower than 598 

10%). 599 
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Figure 2. Associations between protein intake (in quintiles) and WCBMI change 600 

(incidence and reversion). 601 

Cox proportional hazards models were used to assess the risk of WCBMI incidence (left 602 

columns) or WCBMI reversion (right columns) by quintiles of cumulative average 603 

protein intake (in E%). Black circles (model 3) and white circles (model 4). Total 604 

protein (A1 and A2), animal protein (B1 and B2), vegetable protein (C1 and C2) and 605 

animal-to-vegetable protein ratio (D1 and D2) were evaluated. Results are from fully 606 

adjusted models: intervention group, node, sex, age, baseline body mass index (kg/m2), 607 

smoking status (former or current smoker), leisure time physical activity (metabolic 608 

equivalent task-min/d), cumulative average alcohol intake (continuous, with an added 609 

quadratic term), prevalence of diabetes, hypertension, hypercholesterolemia, family 610 

history of coronary heart disease, use of aspirin, antihypertensive medication, oral 611 

antidiabetic medication, insulin medication and hypocholesterolemic medication. The 612 

following nutritional variables were also used: quintiles of cumulative average 613 

percentage of total energy intake, energy from fats (in model 2), energy from 614 

carbohydrates (in model 3), energy-adjusted omega-3 fatty acids and fiber, and 615 

glycemic index. Extremes of total energy intake were excluded. * stands for P < 0.05. 616 

Changes in waist circumference were defined according to the metabolic syndrome 617 

criteria (i.e. ≥88 cm for women and ≥102 cm for men) and classified into three 618 

categories (incidence, reversion and maintenance). Comparisons were performed 619 

against the maintenance group. WCBMI (waist circumference corrected by BMI). 620 
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Highlights 

• Higher protein intake is related to a high risk of weight gain and death at long-term. 
• Higher animal protein intake is related to fatal and non-fatal cardiovascular 

outcomes. 
• No association was found between protein intake and abdominal obesity. 
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Table S1. Linear regression analysis of BMI, body weight or waist circumference and protein consumption 

Protein (in percentage of energy, expressed as both continuous variables and quintiles), BMI (body mass index), body weight and WCBMI (waist 
circumference) were computed as the cumulative average of all visits during follow-up. Results are from both the crude and adjusted models: intervention 
group, baseline anthropometry (BMI*, body weight† or waist circumference¶), node, sex, age in years, smoking status (former or current smoker), leisure 
time physical activity (metabolic equivalent task-min/d), cumulative average alcohol intake (continuous, adding a quadratic term), prevalence of diabetes, 
hypertension, hypercholesterolemia, family history of coronary heart disease, use of aspirin, antihypertensive medication, oral antidiabetic medication, 
insulin medication and hypocholesterolemic medication; and nutritional variables as follows: quintiles of cumulative average percentage of total energy 
intake, energy from fats (in model 2), energy from carbohydrates (in model 3), energy-adjusted omega-3 fatty acids and fiber, and glycemic index. Extremes 
of total energy intake were excluded.  

   Body mass index (kg/m2)* Body weight (kg)† Waist circumference (cm)¶ 
 Variable Model B (95% CI) P- B (95% CI) P- B (95% CI) P 
Total protein         
 Continuous Crude 0.09 (0.05, 0.13) <0.001 -0.43 (-0.55, - <0.001 -0.17 (-0.24, - <0.001 
 Model 2 0.08 (0.03, 0.13) 0.002 0.26 (0.13, 0.40) <0.001 0.15 (0.08, 0.23) <0.001 
  Model 3 0.04 (0.00, 0.09) 0.061 0.14 (0.01, 0.27) 0.033 0.18 (0.11, 0.25) <0.001 
 Quintiles Crude 0.15 (0.08, 0.21) <0.001 -0.72 (-0.91, - <0.001 -0.31 (-0.41, - <0.001 
 Model 2 0.13 (0.06, 0.21) 0.001 0.37 (0.16, 0.58) 0.001 0.21 (0.09, 0.33) <0.001 
  Model 3 0.08 (0.01, 0.16) 0.025 0.20 (-0.01, 0.40) 0.061 0.25 (0.13, 0.36) <0.001 
Animal protein         
 Continuous Crude 0.12 (0.08, 0.16) <0.001 -0.28 (-0.40, - <0.001 -0.18 (-0.24, - <0.001 
 Model 2 0.08 (0.04, 0.13) <0.001 0.28 (0.15, 0.40) <0.001 0.10 (0.03, 0.17) <0.001 
  Model 3 0.05 (0.01, 0.10) 0.017 0.18 (0.06, 0.31) 0.005 0.13 (0.06, 0.20) <0.001 
 Quintiles Crude 0.20 (0.14, 0.26) <0.001 -0.50 (-0.69, - <0.001 -0.33 (-0.44, - <0.001 
 Model 2 0.13 (0.06, 0.20) <0.001 0.42 (0.21, 0.62) <0.001 0.14 (0.02, 0.25) <0.001 
  Model 3 0.09 (0.02, 0.16) 0.013 0.27 (0.07, 0.47) 0.009 0.18 (0.06, 0.29) <0.001 
Vegetable protein         
 Continuous Crude -0.15 (-0.24, - 0.002 -0.65 (-0.93, - <0.001 0.05 (-0.10, 0.21) 0.52 
 Model 2 -0.04 (-0.16, 0.441 -0.20 (-0.52, 0.23 0.23 (0.05, 0.41) 0.01 
  Model 3 -0.02 (-0.14, 0.701 -0.14 (-0.46, 0.408 0.29 (0.11, 0.47) <0.001 
 Quintiles Crude -0.14 (-0.21, - <0.001 -0.52 (-0.72, - <0.001 0.06 (-0.05, 0.16) 0.30 
 Model 2 -0.08 (-0.17, 0.060 -0.23 (-0.47, 0.07 0.22 (0.09, 0.36) <0.001 
  Model 3 -0.06 (-0.15, 0.166 -0.17 (-0.41, 0.180 0.29 (0.15, 0.43) <0.001 
Animal-to-vegetable protein         
 Continuous Crude 0.49 (0.35, 0.63) <0.001 0.15 (-0.29, 0.59) 0.50 -0.48 (-0.71, - <0.001 
 Model 2 0.30 (0.14, 0.46) <0.001 1.05 (0.60, 1.50) <0.001 0.07 (-0.18, 0.32) 0.59 
  Model 3 0.24 (0.07, 0.41) 0.006 0.85 (0.37, 1.32) 0.001 0.08 (-0.19, 0.35) 0.55 
 Quintiles Crude 0.22 (0.16, 0.29) <0.001 -0.06 (-0.26, 0.54 -0.25 (-0.35, - <0.001 
 Model 2 0.13 (0.06, 0.20) <0.001 0.41 (0.21, 0.61) <0.001 0.04 (-0.07, 0.16) 0.43 

  Model 3 0.10 (0.03, 0.18) 0.007 0.31 (0.10, 0.53) 0.004 0.05 (-0.07, 0.17) 0.38 
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Table S2. Hazard ratios of body weight and WCBMI changes, and cardiovascular event or mortality for 
different causes according to E% protein intake into three categories 

 
E% (percentage of energy), BMI, (body mass index), WCBMI (waist circumference corrected by BMI). Cox proportional hazards models were used to assess 
the risk of weight change (10% from baseline), WCBMI change (incidence and reversion), cardiovascular event, and death by different causes, by group-
defined total protein intake (low (<15 E%), normal ([15,20] E%) and high (>20 E%) protein consumption). Data is presented as HRs and 95% CIs. 
Multivariable models were adjusted for intervention group, node, sex, age in years, body mass index (kg/m2), smoking status (former or current smoker), 
leisure time physical activity (metabolic equivalent task-min/d), cumulative average alcohol intake (continuous, adding a quadratic term), prevalence of 
diabetes, hypertension, hypercholesterolemia, family history of coronary heart disease, use of aspirin, antihypertensive medication, oral antidiabetic 
medication, insulin medication and hypocholesterolemic medication; and nutritional variables as follows: quintiles of cumulative average percentage of total 
energy intake, energy from fats (only in model 2), energy from carbohydrates (only in model 3), energy-adjusted omega-3 fatty acids and fiber, and glycemic 
index. Extremes of total energy intake were excluded. P for q-trend stands for the evaluation of the quadratic model.  
“Weight gain” and “Weight loss” were defined when participants gained or loss ≥10% of body weight, respectively. “WCBMI incidence” and “WCBMI 

reversion” were defined according to the metabolic syndrome criteria (i.e. ≥88 cm for women and ≥102 cm for men). Comparisons of both weight and 
WCBMI groups were performed against the “maintenance group” (i.e. no weight gain/loss, or no WCBMI incidence/reversion, as appropriate). 

 

 Low-protein 
<15 E% 

(n = 1744) 

Normo-protein 
[15, 20] E% 
(n = 4978) 

High-protein 
>20 E% 
(n = 494) 

P q-trend 

Median (% of energy) 14.06 16.95 20.89  
Anthropometry outcomes 
Body weight gain (10% cut-off), % (n) 2.4 (41) 1.9 (94) 2.9 (14)  

Crude Model 1.27 (0.88, 1.84) 1.00 (Referent) 2.00 (1.14, 3.51) 0.01 
Model 2 1.16 (0.74, 1.79) 1.00 (Referent) 2.03 (1.07, 3.86) 0.03 
Model 3 1.24 (0.80, 1.93) 1.00 (Referent) 1.87 (0.99, 3.53) 0.03 

Body weight loss (10% cut-off), % (n) 2.3 (40) 2.7 (132) 2.9 (14)  
Crude Model 0.90 (0.63, 1.28) 1.00 (Referent) 1.47 (0.84, 2.54) 0.44 
Model 2 1.07 (0.71, 1.62) 1.00 (Referent) 1.08 (0.59, 1.98) 0.69 
Model 3 1.07 (0.71, 1.62) 1.00 (Referent) 1.05 (0.57, 1.91) 0.77 

WCBMI  incidence, % (n) 7.4 (121) 7.1 (336) 6.1 (29)  
Crude Model 1.15 (0.93, 1.41) 1.00 (Referent) 1.23 (0.84, 1.80) 0.14 
Model 2 0.99 (0.77, 1.27) 1.00 (Referent) 1.44 (0.94, 2.19) 0.15 
Model 3 0.97 (0.76, 1.25) 1.00 (Referent) 1.46 (0.96, 2.21) 0.15 

WCBMI  reversion, % (n) 6.3 (102) 5.6 (259) 3.7 (17)  
Crude Model 1.25 (0.99, 1.57) 1.00 (Referent) 0.93 (0.57, 1.52) 0.60 
Model 2 0.86 (0.65, 1.13) 1.00 (Referent) 1.21 (0.71, 2.04) 0.91 
Model 3 0.89 (0.67, 1.18) 1.00 (Referent) 1.16 (0.68, 1.95) 0.90 

Fatal and non-fatal outcomes 
Cardiovascular event, % (n) 4.6 (81) 3.5 (173) 4.7 (23)  

Crude Model 1.33 (1.02, 1.74) 1.00 (Referent) 1.58 (1.03, 2.45) 0.01 
Model 2 1.00 (0.73, 1.38) 1.00 (Referent) 1.54 (0.95, 2.49) 0.08 
Model 3 0.99 (0.72, 1.35) 1.00 (Referent) 1.61 (1.00, 2.58) 0.12 

Cardiovascular mortality, % (n)  1.6 (28) 1.0 (48) 1.0 (5)  
Crude Model 1.67 (1.05, 2.66) 1.00 (Referent) 1.27 (0.51, 3.20) 0.18 
Model 2 0.93 (0.52, 1.66) 1.00 (Referent) 1.61 (0.58, 4.49) 0.48 
Model 3 0.91 (0.51, 1.62) 1.00 (Referent) 1.69 (0.61, 4.71) 0.48 

Cancer mortality, % (n)  2.5 (43) 1.5 (74) 2.6 (13)  
Crude Model 1.64 (1.13, 2.39) 1.00 (Referent) 2.14 (1.18, 3.85) <0.001 
Model 2 1.08 (0.68, 1.72) 1.00 (Referent) 2.29 (1.18, 4.46) 0.01 
Model 3 0.99 (0.63, 1.57) 1.00 (Referent) 2.57 (1.34, 4.95) 0.03 

All-cause mortality, % (n) 6.2 (108) 3.6 (180) 7.1 (35)  
Crude Model 1.71 (1.35, 2.17) 1.00 (Referent) 2.38 (1.66, 3.42) <0.001 
Model 2 1.23 (0.92, 1.64) 1.00 (Referent) 2.38 (1.58, 3.59) <0.001 
Model 3 1.18 (0.89, 1.58) 1.00 (Referent) 2.53 (1.68, 3.79) <0.001 


