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Abstract

:

(1) Background: Dietary protein intake might be beneficial in optimizing physical performance, yet whether this is dependent on protein source and sex is unclear. We examined the association between dietary protein intake and change in physical performance among Chinese community-dwelling older adults. (2) Methods: This prospective study included older Chinese adults (≥65 years) in Hong Kong. Total, plant and animal protein intakes at baseline were assessed using a food frequency questionnaire. Physical performance at baseline and 4-year follow-up were assessed by the time to complete a 6-m walking test. Adjusted linear regression examined the association between total, plant and animal protein intakes (g/kg of body weight (BW)) and 4-year change in physical performance. (3) Results: 3133 participants (49.8% males) aged 71.8 ± 4.9 years were included. In males, total, plant and animal protein intakes were not associated with a change in physical performance. In females, higher plant protein intake was associated with less decline in physical performance (β 0.723, SE 0.288, p = 0.012). No associations were observed for total animal protein intakes. (4) Conclusion: In Chinese community-dwelling older adults, total and animal protein intakes were not associated with a 4-year change in physical performance. Higher plant protein intake was associated with less decline in physical performance in females.
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1. Introduction


The maintenance of physical performance with advancing age is a key component of healthy aging, which is defined as the process of developing and maintaining the functional ability that enables well-being in older age [1]. Physical performance measures have been suggested as a predictor of adverse outcomes such as dependence on activities of daily living, frailty, disability, cognitive impairment, poor quality of life, institutionalization, falls and/or mortality in community-dwelling older adults [2,3,4,5]. Understanding the lifestyle factors of decline in physical performance is essential to develop interventions that effectively preserve or improve physical performance. Apart from physical activity and medication use [6,7,8], diet has also been shown to be associated with physical performance in older adults.



Dietary protein intake has been the focus of nutritional epidemiology as amino acids (particularly branched-chain amino acids) from dietary protein are essential for muscle protein synthesis [9], thereby optimizing muscle function and physical performance [10]. A meta-analysis showed that a protein intake higher than the recommended dietary allowance of 0.8 g/kg body weight (BW) does not seem to prevent physical function decline over time in older adults [11]. The PROT-AGE study group recommends a dietary protein intake of 1.0 to 1.2 g/kg BW in healthy older adults [12]. Another meta-analysis showed that older adults with relatively very high (≥1.2 g/kg BW) and high (≥1.0 g/kg BW) protein intakes had better lower-limb physical functioning and mobility, respectively, compared to those with low protein intake (<0.8 g/kg BW) [13]. Most studies focused on meeting the daily protein requirement and used a specific cutoff based on sample distribution as the predictor [13,14,15,16,17,18,19,20]. This may not be necessarily useful when the protein intake of the studied population is relatively high, such as the Chinese older population (mean total protein intake of 1.2 to 1.6 g/kg BW) [21,22,23]. Furthermore, animal protein is generally considered a more potent stimulator of muscle protein synthesis than plant protein. However, several cross-sectional studies from Western countries showed that higher plant but not animal protein intake was associated with better physical performance [14,24,25].



In view of the scarcity of evidence on this topic in Asia, this study examined the association between dietary protein intake (total, plant and animal) and change in physical performance among Chinese community-dwelling older adults from the Mr. and Ms. Osteoporosis cohort (Os) in Hong Kong.




2. Materials and Methods


2.1. Study Design


A total of 4000 Chinese community-dwelling older adults aged 65 years and above were recruited in Hong Kong between 2001 and 2003 [26]. Participants were volunteers who were able to walk or take public transport to the study site to attend a health check. Exclusion criteria included a bilateral hip replacement or inability to give informed consent. A stratified sample was applied to recruit approximately 33% of the participants for each of the age groups: 65–69, 70–74, 75+. Participants were followed up by a visit to the study site 4-year after baseline. Participants were excluded from the analysis due to missing data on protein intake (n = 5), extreme energy intake (i.e., <500 kcal or >5000 kcal) (n = 3), and incomplete measurement of the 6-m walking test at baseline and 4-year follow up (n = 859). The final sample size for the present analysis was 3133 (1560 males and 1573 females). This study was conducted in accordance with the Declaration of Helsinki. The Clinical Research Ethics Committee of a local institution has granted approval for this study (CREC 2003.102). All participants completed the written informed consent.




2.2. Characteristics of Participants


A standardized interview was conducted to collect information on age, sex, body weight, body mass index (BMI), education level (primary or below/secondary/university or above), cigarette smoking status (current/no or past), alcohol use (drink >12 alcoholic drinks in past 12 months: yes/no), number of diseases and physical activity level. Body weight in kilograms was measured using the Physician Balance Bean Scale (Healthometer, Bridgeview, IL). Participants were asked to wear light clothing. Height was measured using the Holtain Harpenden Standiometer (Holtain Ltd., Crosswell, UK). BMI was calculated as body weight (kg) divided by height in meters squared (m2). The number of diseases was assessed with the use of a pre-defined list, in which participants were asked if they had ever been told by a healthcare professional that they had or have any of the diseases on the list. Supplementary information on medical history was provided by the identification of medications brought to the interviewers. The Physical Activity Scale for the Elderly (PASE) was used to assess physical activity levels [27]. The PASE includes 12 items assessing the average number of hours per day spent in leisure, household, and occupational physical activities over the past seven days. Each item score was computed by multiplying the activity weight (determined with reference to the amount of energy spent) with daily activity frequency reported. A PASE score was calculated by summing each item score. A higher PASE score represents a higher physical activity level.




2.3. Dietary Assessment


Dietary intake was collected using a validated 280-item food frequency questionnaire (FFQ), which was originated and validated in a population-based survey among local participants aged 25 to 74 years [28]. Participants were instructed to complete the FFQ to provide information on consumption frequency and the quantity of each listed food item, using the past 12 months as a reference period. A catalog of pictures was used to explain the individual food portions. To estimate the quantity of cooking oil used, the usual methods in preparing standardized portions and the usual portions of different foods consumed by the participants were taken into consideration. Food composition tables compiled from McCance and Widdowson [29] and the Chinese Medical Sciences Institute [30] were used to obtain nutritional information and calculate the mean daily energy (kcal) and protein intake (g). Protein intake (g) is additionally expressed as protein intake relative to body weight (g/kg BW). Total protein intake included plant and animal proteins. Percentages of protein intake from plant/animal sources were calculated by the quantity of plant/animal protein (g) divided by the total protein intake (g). Plant proteins refer to proteins obtained from plant sources such as cereals, fruits and dried fruits, legumes, seeds and nuts, and vegetables. Animal proteins refer to proteins originating from animal sources such as meat and poultry, fish and shellfish, eggs and milk and milk products. Since nutrients in foods are highly correlated and nutrients other than protein may contribute to the association, we considered the overall diet quality of the participants. Diet quality was examined using the Diet Quality Index-International (DQI-I), which has been applied as a dietary quality measure in a Chinese population and is an indicator of dietary patterns in relation to health [31,32]. The DQI-I includes components such as fatty acid ratio, adequacy of vitamin C intake and variety within the protein group.




2.4. Physical Performance


Physical performance was assessed using a 6-m walking test at baseline and a 4-year follow-up. Participants were instructed to walk along a straight line 6-m long in distance at their usual pace. Timing was started when the participant’s foot touched the floor on the first step. Timing was stopped when the participant’s foot touched the floor at the finish line. Two trials were performed, and the best time in seconds to complete the walking test was used for analysis. Shorter time to complete the walking test reflected better physical performance.




2.5. Statistical Analysis


Data are presented as means and standard deviations (SD) for continuous variables and frequency and percentage for categorical variables where appropriate. Independent t-tests were used to examine the differences in protein intake and change in physical performance by sex.



Change in physical performance was computed as baseline value minus 4-year follow-up value (a negative value indicates more time taken to complete the test and thereby a decline in physical performance). Multivariable linear regression was used to examine the association between protein intake and change in physical performance. To control for the possible effect of individual differences in protein quantity on the associations, we used the residual method to adjust for the daily total protein intake for the analysis of plant protein and animal protein [33]. In brief, to calculate protein-adjusted intake of plant/animal protein, the residuals for each individual from the linear regression model with plant/animal protein intake (g/kg BW) as the dependent variable and total daily protein intake as the independent variable were added to a constant, which is the expected plant/animal protein intake for the mean total protein intake of the study population. Analysis was adjusted for age (continuous), the number of chronic diseases (continuous), daily energy intake (continuous), DQI-I score (continuous), current smoker (yes/no), current drinker (yes/no), PASE score (continuous) and amount of medications (continuous). These factors were chosen as the literature suggested that they were considered potential risk factors for physical performance [6,7,8,34,35,36]. Results are presented as regression coefficients (β) and standard error (SE). Sex differences in the association between diet and physical performance have been reported previously [17,37,38,39,40]; therefore, a priori sex-stratified analyses were conducted. All analyses were conducted using the statistical package SPSS version 26.0 (IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY, USA: IBM Corp.). A two-sided p-value of <0.05 was considered statistically significant.





3. Results


Table 1 shows the characteristics of the participants. A total of 3133 participants (49.8% males) aged 71.8 ± 4.9 years were included in the analysis. The mean BMI was 23.7 kg/m2. A majority of the participants had an education level of primary or below (70.3%), were non-current smokers (93.8%) and non-current drinkers (86.5%). The mean total, plant and animal protein intakes were 1.3 ± 0.6, 0.6 ± 0.3 and 0.7 ± 0.4 g/kg BW, respectively. An average of 46 ± 14% of the total protein intake was derived from plant sources, with a significant sex difference (48.7 ± 13.8% for females vs. 44.0 ± 13.6% for males, p < 0.001). Rice (14 ± 8% of total protein intake) and soy and soy products (6 ± 5% of total protein intake) were the main sources of plant protein, while meat and poultry (22 ± 11% of total protein intake) and fish and shellfish (19 ± 11% of total protein intake) were the main sources of animal protein. The mean (SD) 4-year change in time to complete the 6-m walking test was an increase of 0.9 ± 2.2 s, with females showing a significantly greater change than males (increase of 1.0 ± 0.3 vs. 0.7 ± 2.0 s over 4-year).



Table 2 shows the associations between baseline relative protein intake and change in physical performance. In males, higher baseline total, plant and animal protein intakes were not associated with a change in physical performance in unadjusted and adjusted models (all p > 0.05). In females, higher baseline plant protein intake was associated with less decline in physical performance (adjusted β 0.723, SE 0.288, p = 0.012) over 4 years. No associations were found between total protein and animal protein intakes and changes in physical performance.




4. Discussion


In Chinese community-dwelling older adults, total protein intake was not associated with a 4-year change in physical performance. The association between protein intake and change in physical performance was dependent on the protein source and sex. Specifically, animal protein intake was not associated with a 4 year change in physical performance in both sexes, while higher plant protein intake was associated with less decline in physical performance in females only.



To the best of our knowledge, studies examining the prospective association between total, plant and animal protein intakes and physical performance were limited. Prospective analysis using specific cutoffs of protein intake as predictors showed that adequate total protein intake (≥1.0–1.2 g/kg BW) was not associated with a 3-year change in the 10-m walking test performance [16] and 5-year change in Timed Up-and-Go test performance in older adults [17]. In contrast, a pooled analysis of four longitudinal aging cohorts showed that higher daily protein intake (≥0.8 g/kg BW) was protective of the decline in walking speed over a follow-up of a maximum of 8.5 years [20]. Several cross-sectional studies supported our findings. Relative total protein intake was not associated with gait speed among well-functioning older adults [25,41]. It has been suggested that the lack of association might be caused by a ceiling effect in the chosen test battery, as the mean gait speed of 1.0 m/s was high compared to other studies [41]. Regarding the association between protein source and physical performance, higher plant protein intake was associated with higher gait speed at a fast pace in well-functioning older adults [25]. In contrast, animal and plant protein intakes were not associated with the walking test among Dutch older adults [42]. Lower animal but not plant protein intake was associated with a greater risk of mobility limitation over a 6-year of follow-up in the Health ABC study [43].



The proportion of plant protein intake in our study was relatively high compared with Western countries (ranging from 24% to 39% plant proteins) [14,44,45,46,47,48]. The main sources of plant protein were rice and soy and soy products in our Chinese population, while cereal is the principal plant protein source in Western countries [45,48]. This study found that plant protein but not animal protein intake was associated with a change in physical performance. Animal protein contains high leucine content and a complete amino acid profile required for muscle protein synthesis, which has been considered more anabolic than plant protein [49]. However, the notion that animal protein is key for muscle health has been challenged [24,25,42]. Plant-based diets have an alkaline property and are rich in potassium and magnesium, which favors the maintenance of muscle mass and function in older adults [50,51]. In contrast, an animal-based diet increases the production of acid in the body, and low-grade metabolic acidosis may be detrimental to muscle mass and function [52]. It has been suggested that diets high in plant protein sources have the potential to support the maintenance of muscle mass with aging when sufficient amounts of protein are consumed [49,53]. Consuming greater amounts of protein may compensate for the lower essential amino acid content of plant protein [54]. Furthermore, in a plant-based diet, incomplete protein can be combined to form complete essential amino acid profiles that resemble animal protein [54,55]. Of note, the quality of plant protein depends on the food source. For example, legumes such as soybeans and peas are high in leucine, which has been demonstrated to maximize muscle protein synthesis [56,57]. It has been suggested that protein and amino acid intakes were adequate when plant protein is up to 50% of total protein. When the relative intake of plant protein is lower than 70% of total protein intake, no deficits regarding essential amino acids would be expected to occur [48]. Plant protein contributed 46.4% of the total protein intake in our population; therefore, there should be no negative impact on the adequacy of protein and essential amino acid intakes. Furthermore, total protein intake (1.3 ± 0.6 g/kg BW) in our population was relatively high compared with other older populations [16,19,25,38,39,58,59,60], and 69% of our participants met the recommended protein intake of at least 1.0–1.2 g/kg BW [12]. Together with adequate total protein intake, the beneficial role of a high proportion of protein from plant sources on muscle health may be enhanced and therefore explain the association of plant protein with less decline in physical performance in this study.



Due to the observational nature of our study, the causal relationship between plant protein intake and a decline in physical performance cannot be drawn. A systematic review and meta-analysis summarized the intervention studies, which compared the potential differences in the effect of animal vs. plant protein on muscle-related outcomes [61]. It was shown that a significant effect favoring animal protein intake was observed in young adults for lean mass but no such effect in muscle strength outcomes. However, animal protein intake did not show a favorable effect on muscle-related outcomes in older adults [61]. Although more evidence from intervention studies is required, a plant-based diet appears to adequately preserve muscle-related outcomes in older adults, provided that the total protein intake is high. Soy and soy products, such as tofu, dried tofu sheets and soy milk, are inexpensive and readily available from the market, making them a good alternative for animal protein among older Chinese adults.



The sex difference in the association between protein intake and physical performance was partly consistent with previous studies. A similar study among older adults in the UK showed an association between nutrient intake and physical performance (3-m walk) in women but not in men [37]. The Framingham Heart Study Offspring cohort showed that higher protein intake was associated with a 30% lower risk of loss of functional integrity (17 measures of function) in women but not in men [19]. Among diabetic older adults from the NuAge cohort, adequate total protein intake (≥1.0 g/kg BW) was associated with the maintenance of functional capacity in women but not in men [40]. As women have poorer physical performance compared with men, it is proposed that there may be a threshold below which variations in diet are of greater importance [37]. This was also reflected in our cohort, in which females have a significantly greater decline in walking test performance compared with males. The higher regression coefficient in females compared with males reported in this study reflect that protein intake had a stronger association with physical performance in older females compared with males. Furthermore, there is evidence to suggest that antioxidant intakes may affect physical performance in older adults [62]. As females consumed a larger proportion of plant protein compared with males in our study, the antioxidant intake from plant-based foods may have an additional effect on physical performance in addition to plant protein per se.



Our study has several strengths and limitations. Objective physical performance measures were used. The use of FFQ also allows the assessment of usual protein intake and a range of protein sources. Several potential confounding factors have been collected and included in the analysis. However, the current study included exclusively Chinese; therefore, it limits the generalizability to other ethnic groups. Second, we did not account for the potential changes in diet over time. Third, self-reported FFQ is subject to recall bias and does not provide information on mealtime distribution of protein intake. Our study population included volunteers who were willing to visit the study site and, therefore, may be more health-conscious and have a better diet than the general population. Finally, a causal relationship cannot be established as this was an observational study. Further trials investigating the protective role of plant protein intake in muscle health are warranted. The underlying mechanism responsible for the beneficial effects of plant protein in comparison to animal protein also needs to be explored in future studies.




5. Conclusions


In Chinese community-dwelling older adults, total protein intake was not associated with a 4-year change in physical performance. The association between dietary protein intake and change in physical performance was dependent on protein source and sex. Animal protein intake was not associated with a 4-year change in physical performance in both sexes. Higher plant protein intake was associated with less decline in physical performance over 4-year in females only. This study provides insight into how different sources of protein intake might influence physical performance in older adults. It appears that plant protein intake can be encouraged for the optimization of physical performance among older Chinese adults with a dietary culture of high total protein intake.







Author Contributions


Conceptualization, S.S.Y.Y. and J.W.; methodology, J.W.; formal analysis, S.S.Y.Y.; writing—original draft preparation, S.S.Y.Y.; writing—review and editing, J.W.; visualization, S.S.Y.Y.; supervision, J.W.; funding acquisition, J.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Hong Kong Jockey Club Charities Trust.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the Chinese University of Hong Kong (CREC 2003.102).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Beard, J.R.; Officer, A.; de Carvalho, I.A.; Sadana, R.; Pot, A.M.; Michel, J.P.; Lloyd-Sherlock, P.; Epping-Jordan, J.E.; Peeters, G.M.E.E.G.; Mahanani, W.R.; et al. The world report on ageing and health: A policy framework for healthy ageing. Lancet 2016, 387, 2145–2154. [Google Scholar] [CrossRef]

	



Abellan van Kan, G.; Rolland, Y.; Andrieu, S.; Bauer, J.; Beauchet, O.; Bonnefoy, M.; Cesari, M.; Donini, L.M.; Gillette Guyonnet, S.; Inzitari, M.; et al. Gait speed at usual pace as a predictor of adverse outcomes in community-dwelling older people an international academy on nutrition and aging (iana) task force. J. Nutr. Health Aging 2009, 13, 881–889. [Google Scholar] [CrossRef] [PubMed]

	



De Fátima Ribeiro Silva, C.; Ohara, D.G.; Matos, A.P.; Pinto, A.C.P.N.; Pegorari, M.S. Short physical performance battery as a measure of physical performance and mortality predictor in older adults: A comprehensive literature review. Int. J. Environ. Res. Public Health 2021, 18, 10612. [Google Scholar] [CrossRef] [PubMed]

	



Wang, D.X.M.; Yao, J.; Zirek, Y.; Reijnierse, E.M.; Maier, A.B. Muscle mass, strength, and physical performance predicting activities of daily living: A meta-analysis. J. Cachexia Sarcopenia Muscle 2020, 11, 3–25. [Google Scholar] [CrossRef] [PubMed]

	



Laudisio, A.; Giovannini, S.; Finamore, P.; Loreti, C.; Vannetti, F.; Coraci, D.; Incalzi, R.A.; Zuccal, G.; Macchi, C.; Padua, L.; et al. Muscle strength is related to mental and physical quality of life in the oldest old. Arch. Gerontol. Geriatr. 2020, 89, 104109. [Google Scholar] [CrossRef] [PubMed]

	



Katsimpris, A.; Linseisen, J.; Meisinger, C.; Volaklis, K. The Association between Polypharmacy and Physical Function in Older Adults: A Systematic Review. J. Gen. Intern. Med. 2019, 34, 1865–1873. [Google Scholar] [CrossRef]

	



Martínez-Hernández, B.M.; Rosas-Carrasco, O.; López-Teros, M.; González-Rocha, A.; Muñoz-Aguirre, P.; Palazuelos-González, R.; Ortíz-Rodríguez, A.; Luna-López, A.; Denova-Gutiérrez, E. Association between physical activity and physical and functional performance in non-institutionalized Mexican older adults: A cohort study. BMC Geriatr. 2022, 22, 388. [Google Scholar] [CrossRef]

	



Onder, G.; Giovannini, S.; Sganga, F.; Manes-Gravina, E.; Topinkova, E.; Finne-Soveri, H.; Garms-Homolová, V.; Declercq, A.; van der Roest, H.G.; Jónsson, P.V.; et al. Interactions between drugs and geriatric syndromes in nursing home and home care: Results from Shelter and IBenC projects. Aging Clin. Exp. Res. 2018, 30, 1015–1021. [Google Scholar] [CrossRef]

	



Dickinson, J.M.; Volpi, E.; Rasmussen, B. Exercise and nutrition to target protein synthesis impairments in aging skeletal muscle. Exerc. Sport Sci. Rev. 2013, 41, 216–223. [Google Scholar] [CrossRef]

	



Yeung, S.S.; Chan, R.S.; Woo, J. Protein and physical activity in older persons. Curr. Opin. Clin. Nutr. Metab. Care 2021, 24, 42–47. [Google Scholar] [CrossRef]

	



Coelho-Junior, H.J.; Calvani, R.; Tosato, M.; Landi, F.; Picca, A.; Marzetti, E. Protein intake and physical function in older adults: A systematic review and meta-analysis. Ageing Res. Rev. 2022, 81, 101731. [Google Scholar] [CrossRef] [PubMed]

	



Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.; Stehle, P.; Teta, D.; et al. Evidence-based recommendations for optimal dietary protein intake in older people: A position paper from the prot-age study group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [Google Scholar] [CrossRef] [PubMed]

	



Coelho-Junior, H.J.; Milano-Teixeira, L.; Rodrigues, B.; Bacurau, R.; Marzetti, E.; Uchida, M. Relative protein intake and physical function in older adults: A systematic review and meta-analysis of observational studies. Nutrients 2018, 10, 1330. [Google Scholar] [CrossRef] [PubMed]

	



Montiel-Rojas, D.; Nilsson, A.; Santoro, A.; Bazzocchi, A.; de Groot, L.C.P.G.M.; Feskens, E.J.M.; Berendsen, A.A.M.; Madej, D.; Kaluza, J.; Pietruszka, B.; et al. Fighting sarcopenia in ageing european adults: The importance of the amount and source of dietary proteins. Nutrients 2020, 12, 3601. [Google Scholar] [CrossRef]

	



Sahni, S.; Mangano, K.M.; Hannan, M.T.; Kiel, D.P.; McLean, R.R. Higher protein intake is associated with higher lean mass and quadriceps muscle strength in adult men and women. J. Nutr. 2015, 145, 1569–1575. [Google Scholar] [CrossRef]

	



Isanejad, M.; Mursu, J.; Sirola, J.; Kroger, H.; Rikkonen, T.; Tuppurainen, M.; Erkkila, A.T. Dietary protein intake is associated with better physical function and muscle strength among elderly women. Br. J. Nutr. 2016, 115, 1281–1291. [Google Scholar] [CrossRef]

	



Granic, A.; Mendonca, N.; Sayer, A.A.; Hill, T.R.; Davies, K.; Adamson, A.; Siervo, M.; Mathers, J.C.; Jagger, C. Low protein intake, muscle strength and physical performance in the very old: The newcastle 85+ study. Clin. Nutr. 2018, 37, 2260–2270. [Google Scholar] [CrossRef]

	



Gregorio, L.; Brindisi, J.; Kleppinger, A.; Sullivan, R.; Mangano, K.; Bihuniak, J.D.; Kenny, A.M.; Kerstetter, J.E.; Insogna, K. Adequate dietary protein is associated with better physical performance among post-menopausal women 60–90 years. J. Nutr. Health Aging 2014, 18, 155–160. [Google Scholar] [CrossRef]

	



Hruby, A.; Sahni, S.; Bolster, D.; Jacques, P.F. Protein intake and functional integrity in aging: The framingham heart study offspring. J. Gerontol. Ser. A 2020, 75, 123–130. [Google Scholar] [CrossRef]

	



Mendonca, N.; Hengeveld, L.M.; Visser, M.; Presse, N.; Canhao, H.; Simonsick, E.M.; Kritchevsky, S.B.; Newman, A.B.; Gaudreau, P.; Jagger, C. Low protein intake, physical activity, and physical function in european and north american community-dwelling older adults: A pooled analysis of four longitudinal aging cohorts. Am. J. Clin. Nutr. 2021, 114, 29–41. [Google Scholar] [CrossRef]

	



Zhu, L.-Y.; Chan, R.; Kwok, T.; Cheng, K.C.-C.; Ha, A.; Woo, J. Effects of exercise and nutrition supplementation in community-dwelling older Chinese people with sarcopenia: A randomized controlled trial. Age Ageing 2019, 48, 220–228. [Google Scholar] [CrossRef] [PubMed]

	



Chan, R.; Leung, J.; Woo, J. High protein intake is associated with lower risk of all-cause mortality in community-dwelling Chinese older men and women. J. Nutr. Health Aging 2019, 23, 987–996. [Google Scholar] [CrossRef] [PubMed]

	



Chan, R.; Leung, J.; Woo, J.; Kwok, T. Associations of dietary protein intake on subsequent decline in muscle mass and physical functions over four years in ambulant older Chinese people. J. Nutr. Health Aging 2014, 18, 171–177. [Google Scholar] [CrossRef] [PubMed]

	



Gazzani, D.; Zamboni, F.; Spelta, F.; Ferrari, P.; Mattioli, V.; Cazzoletti, L.; Zanolin, E.; Tardivo, S.; Ferrari, M. Vegetable but not animal protein intake is associated to a better physical performance: A study on a general population sample of adults. Food Nutr. Res. 2019, 63, 3422. [Google Scholar] [CrossRef] [PubMed]

	



Coelho-Junior, H.J.; Calvani, R.; Goncalves, I.O.; Rodrigues, B.; Picca, A.; Landi, F.; Bernabei, R.; Uchida, M.C.; Marzetti, E. High relative consumption of vegetable protein is associated with faster walking speed in well-functioning older adults. Aging Clin. Exp. Res. 2019, 31, 837–844. [Google Scholar] [CrossRef] [PubMed]

	



Wong, S.Y.-S.; Kwok, T.; Woo, J.; Lynn, H.; Griffith, J.F.; Leung, J.; Tang, Y.Y.N.; Leung, P.C. Bone mineral density and the risk of peripheral arterial disease in men and women: Results from mr. And Ms Os, Hong Kong. Osteoporos. Int. 2005, 16, 1933–1938. [Google Scholar] [CrossRef] [PubMed]

	



Washburn, R.A.; Smith, K.W.; Jette, A.M.; Janney, C.A. The physical activity scale for the elderly (pase): Development and evaluation. J. Clin. Epidemiol. 1993, 46, 153–162. [Google Scholar] [CrossRef]

	



Woo, J.; Leung, S.S.F.; Ho, S.C.; Lam, T.H.; Janus, E.D. A food frequency questionnaire for use in the Chinese population in Hong Kong: Description and examination of validity. Nutr. Res. 1997, 17, 1633–1641. [Google Scholar] [CrossRef]

	



Paul, A.A.; Southgate, D.A.T. Mccance and Widdowson’s the Composition of Foods, 4th ed.; H.M. Stationery Office: London, UK, 1978; pp. 1–418.

	



Yang, Y.; Wang, G.; Pan, X. China Food Composition 2002; Peking University Medical Press: Beijing, China, 2002. [Google Scholar]

	



Kim, S.; Haines, P.S.; Siega-Riz, A.M.; Popkin, B.M. The diet quality index-international (dqi-i) provides an effective tool for cross-national comparison of diet quality as illustrated by china and the United States. J. Nutr. 2003, 133, 3476–3484. [Google Scholar] [CrossRef]

	



Woo, J.; Cheung, B.; Ho, S.; Sham, A.; Lam, T.H. Influence of dietary pattern on the development of overweight in a Chinese population. Eur. J. Clin. Nutr. 2008, 62, 480–487. [Google Scholar] [CrossRef]

	



Willett, W.C.; Howe, G.R.; Kushi, L.H. Adjustment for total energy intake in epidemiologic studies. Am. J. Clin. Nutr. 1997, 65, 1220S–1228S; Discussion 1229S–1231S. [Google Scholar] [CrossRef] [PubMed]

	



Daskalopoulou, C.; Stubbs, B.; Kralj, C.; Koukounari, A.; Prince, M.; Prina, M. Associations of smoking and alcohol consumption with healthy ageing: A systematic review and meta-analysis of longitudinal studies. BMJ Open 2018, 8, e019540. [Google Scholar] [CrossRef] [PubMed]

	



Lengelé, L.; Moehlinger, P.; Bruyère, O.; Locquet, M.; Reginster, J.-Y.; Beaudart, C. Association between Changes in Nutrient Intake and Changes in Muscle Strength and Physical Performance in the SarcoPhAge Cohort. Nutrients 2020, 12, 3485. [Google Scholar] [CrossRef] [PubMed]

	



Yao, S.-S.; Meng, X.; Cao, G.-Y.; Huang, Z.-T.; Chen, Z.-S.; Han, L.; Wang, K.; Su, H.-X.; Luo, Y.; Hu, Y.; et al. Associations between Multimorbidity and Physical Performance in Older Chinese Adults. Int. J. Environ. Res. Public Health 2020, 17, 4546. [Google Scholar] [CrossRef]

	



Martin, H.; Aihie Sayer, A.; Jameson, K.; Syddall, H.; Dennison, E.M.; Cooper, C.; Robinson, S. Does diet influence physical performance in community-dwelling older people? Findings from the hertfordshire cohort study. Age Ageing 2011, 40, 181–186. [Google Scholar] [CrossRef]

	



Hengeveld, L.M.; Chevalier, S.; Visser, M.; Gaudreau, P.; Presse, N. Prospective associations of protein intake parameters with muscle strength and physical performance in community-dwelling older men and women from the quebec nuage cohort. Am. J. Clin. Nutr. 2021, 113, 972–983. [Google Scholar] [CrossRef]

	



Elstgeest, L.E.M.; Schaap, L.; Heymans, M.W.; Hengeveld, L.M.; Naumann, E.; Houston, D.K.; Kritchevsky, S.B.; Simonsick, E.M.; Newman, A.B.; Farsijani, S.; et al. Sex-and race-specific associations of protein intake with change in muscle mass and physical function in older adults: The health, aging, and body composition (health abc) study. Am. J. Clin. Nutr. 2020, 112, 84–95. [Google Scholar] [CrossRef]

	



Rahi, B.; Morais, J.A.; Gaudreau, P.; Payette, H.; Shatenstein, B. Energy and protein intakes and their association with a decline in functional capacity among diabetic older adults from the nuage cohort. Eur. J. Nutr. 2016, 55, 1729–1739. [Google Scholar] [CrossRef]

	



Nygard, L.K.; Dahl, L.; Mundal, I.; Saltyte Benth, J.; Rokstad, A.M.M. Protein intake, protein mealtime distribution and seafood consumption in elderly norwegians: Associations with physical function and strength. Geriatrics 2020, 5, 100. [Google Scholar] [CrossRef]

	



Behrouzi, P.; Grootswagers, P.; Keizer, P.L.; Smeets, E.; Feskens, E.J.; de Groot, L.C.; van Eeuwijk, F.A. Dietary intakes of vegetable protein, folate, and vitamins b-6 and b-12 are partially correlated with physical functioning of dutch older adults using copula graphical models. J. Nutr. 2020, 150, 634–643. [Google Scholar] [CrossRef]

	



Houston, D.K.; Tooze, J.A.; Garcia, K.; Visser, M.; Rubin, S.; Harris, T.B.; Newman, A.B.; Kritchevsky, S.B.; Health, A.B.C.S. Protein intake and mobility limitation in community-dwelling older adults: The health abc study. J. Am. Geriatr. Soc. 2017, 65, 1705–1711. [Google Scholar] [CrossRef] [PubMed]

	



Camilleri, G.M.; Verger, E.O.; Huneau, J.F.; Carpentier, F.; Dubuisson, C.; Mariotti, F. Plant and animal protein intakes are differently associated with nutrient adequacy of the diet of french adults. J. Nutr. 2013, 143, 1466–1473. [Google Scholar] [CrossRef] [PubMed]

	



Halkjaer, J.; Olsen, A.; Bjerregaard, L.J.; Deharveng, G.; Tjonneland, A.; Welch, A.A.; Crowe, F.L.; Wirfalt, E.; Hellstrom, V.; Niravong, M.; et al. Intake of total, animal and plant proteins, and their food sources in 10 countries in the european prospective investigation into cancer and nutrition. Eur. J. Clin. Nutr. 2009, 63 (Suppl. 4), S16–S36. [Google Scholar] [CrossRef] [PubMed]

	



Berner, L.A.; Becker, G.; Wise, M.; Doi, J. Characterization of dietary protein among older adults in the United States: Amount, animal sources, and meal patterns. J. Acad. Nutr. Diet. 2013, 113, 809–815. [Google Scholar] [CrossRef]

	



Phillips, S.M.; Fulgoni, V.L., 3rd; Heaney, R.P.; Nicklas, T.A.; Slavin, J.L.; Weaver, C.M. Commonly consumed protein foods contribute to nutrient intake, diet quality, and nutrient adequacy. Am. J. Clin. Nutr. 2015, 101, 1346S–1352S. [Google Scholar] [CrossRef]

	



De Gavelle, E.; Huneau, J.-F.; Bianchi, C.M.; Verger, E.O.; Mariotti, F. Protein adequacy is primarily a matter of protein quantity, not quality: Modeling an increase in plant:Animal protein ratio in french adults. Nutrients 2017, 9, 1333. [Google Scholar] [CrossRef]

	



Gorissen, S.H.M.; Witard, O.C. Characterising the muscle anabolic potential of dairy, meat and plant-based protein sources in older adults. Proc. Nutr. Soc. 2018, 77, 20–31. [Google Scholar] [CrossRef]

	



Ganapathy, A.; Nieves, J.W. Nutrition and sarcopenia-what do we know? Nutrients 2020, 12, 1755. [Google Scholar] [CrossRef]

	



Kataya, Y.; Murakami, K.; Kobayashi, S.; Suga, H.; Sasaki, S.; Three-Generation Study of Women on Diets and Health Study Group. Higher dietary acid load is associated with a higher prevalence of frailty, particularly slowness/weakness and low physical activity, in elderly japanese women. Eur. J. Nutr. 2018, 57, 1639–1650. [Google Scholar] [CrossRef]

	



Carnauba, R.A.; Baptistella, A.B.; Paschoal, V.; Hubscher, G.H. Diet-induced low-grade metabolic acidosis and clinical outcomes: A review. Nutrients 2017, 9, 538. [Google Scholar] [CrossRef]

	



Haub, M.D.; Wells, A.M.; Tarnopolsky, M.A.; Campbell, W.W. Effect of protein source on resistive-training-induced changes in body composition and muscle size in older men. Am. J. Clin. Nutr. 2002, 76, 511–517. [Google Scholar] [CrossRef] [PubMed]

	



Van Loon, L.J. Plant Versus Animal-Based Proteins to Support Muscle Conditioning; Gatorade Sports Science Institute: Valhalla, NY, USA, 2021. [Google Scholar]

	



Putra, C.; Konow, N.; Gage, M.; York, C.G.; Mangano, K.M. Protein source and muscle health in older adults: A literature review. Nutrients 2021, 13, 743. [Google Scholar] [CrossRef]

	



Hertzler, S.R.; Lieblein-Boff, J.C.; Weiler, M.; Allgeier, C. Plant proteins: Assessing their nutritional quality and effects on health and physical function. Nutrients 2020, 12, 3704. [Google Scholar] [CrossRef] [PubMed]

	



Rondanelli, M.; Nichetti, M.; Peroni, G.; Faliva, M.A.; Naso, M.; Gasparri, C.; Perna, S.; Oberto, L.; Di Paolo, E.; Riva, A.; et al. Where to find leucine in food and how to feed elderly with sarcopenia in order to counteract loss of muscle mass: Practical advice. Front. Nutr. 2020, 7, 622391. [Google Scholar] [CrossRef]

	



Huang, R.-Y.; Yang, K.-C.; Chang, H.-H.; Lee, L.-T.; Lu, C.-W.; Huang, K.-C. The association between total protein and vegetable protein intake and low muscle mass among the community-dwelling elderly population in northern Taiwan. Nutrients 2016, 8, 373. [Google Scholar] [CrossRef] [PubMed]

	



Gingrich, A.; Spiegel, A.; Gradl, J.E.; Skurk, T.; Hauner, H.; Sieber, C.C.; Volkert, D.; Kiesswetter, E. Daily and per-meal animal and plant protein intake in relation to muscle mass in healthy older adults without functional limitations: An enable study. Aging Clin. Exp. Res. 2019, 31, 1271–1281. [Google Scholar] [CrossRef] [PubMed]

	



Farsijani, S.; Payette, H.; Morais, J.A.; Shatenstein, B.; Gaudreau, P.; Chevalier, S. Even mealtime distribution of protein intake is associated with greater muscle strength, but not with 3-y physical function decline, in free-living older adults: The Quebec longitudinal study on nutrition as a determinant of successful aging (nuage study). Am. J. Clin. Nutr. 2017, 106, 113–124. [Google Scholar] [CrossRef] [PubMed]

	



Lim, M.T.; Pan, B.J.; Toh, D.W.K.; Sutanto, C.N.; Kim, J.E. Animal protein versus plant protein in supporting lean mass and muscle strength: A systematic review and meta-analysis of randomized controlled trials. Nutrients 2021, 13, 661. [Google Scholar] [CrossRef]

	



Cesari, M.; Pahor, M.; Bartali, B.; Cherubini, A.; Penninx, B.W.J.H.; Williams, G.R.; Atkinson, H.; Martin, A.; Guralnik, J.M.; Ferrucci, L. Antioxidants and physical performance in elderly persons: The invecchiare in chianti (inchianti) study. Am. J. Clin. Nutr. 2004, 79, 289–294. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Baseline characteristics and 4-year change in physical performance of participants.
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	All (n = 3133)
	Male (n = 1560)
	Female (n = 1573)





	Age, years
	71.8 ± 4.9
	71.8 ± 4.7
	72.0 ± 5.0



	Body weight, kg
	58.7 ± 9.6
	62.7 ± 9.2
	54.8 ± 8.3



	BMI, kg/m2
	23.7 ± 3.2
	23.5 ± 3.1
	24.0 ± 3.4



	Education level, %
	
	
	



	Primary or below
	70.3
	58.6
	81.9



	Secondary
	19.2
	26.8
	11.8



	University or above
	10.5
	14.6
	6.4



	Current smoker, %
	6.2
	10.8
	1.7



	Current drinker, %
	13.5
	24.4
	2.7



	Number of chronic diseases
	1.9 ± 1.5
	1.9 ± 1.5
	1.9 ± 1.4



	PASE, score
	94 ± 43
	101 ± 51
	87 ± 33



	DQI-I (0–94), score
	65 ± 9
	64 ± 9
	66 ± 9



	Energy intake, kcal/d
	1856 ± 585
	2115 ± 584
	1598 ± 458



	Absolute protein intake, g/d
	
	
	



	Total
	78 ± 33
	89 ± 35
	66 ± 28



	Plant
	35 ± 17
	38 ± 18
	31 ± 14



	Animal
	43 ± 25
	51 ± 26
	35 ± 21



	Relative protein intake, g/kg of BW/d
	
	
	



	Total
	1.3 ± 0.6
	1.4 ± 0.6
	1.2 ± 0.6



	Plant
	0.6 ± 0.3
	0.6 ± 0.3
	0.6 ± 0.3



	Animal
	0.7 ± 0.4
	0.8 ± 0.4
	0.6 ± 0.4



	% Protein from plant sources
	46.4 ± 13.9
	44.0 ± 13.6
	48.7 ± 13.8



	Gait speed, m/s
	1.03 ± 0.22
	1.09 ± 0.22
	0.98 ± 0.20



	Change in time to complete 6-m walking test, seconds
	−0.9 ± 2.2
	−0.7 ± 2.0
	−1.0 ± 2.3







BMI, body mass index; PASE, Physical Activity Scale for the Elderly; DQI-I, Dietary Quality Index-International; BW, body weight.
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Table 2. Associations between baseline relative protein intake (g/kg of body weight) and change in physical performance over 4 years.
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4-Year Change in Time to Complete 6-m Walking Test 1




	

	
Unadjusted

	
Adjusted 2




	

	
β

	
SE

	
p

	
β

	
SE

	
p






	
Total protein

	

	

	

	

	

	




	
Males (n = 1560)

	
0.120

	
0.088

	
0.170

	
0.038

	
0.130

	
0.767




	
Females (n = 1573)

	
−0.118

	
0.103

	
0.256

	
−0.158

	
0.154

	
0.306




	
Plant protein 3

	

	

	

	

	

	




	
Males (n = 1560)

	
0.332

	
0.216

	
0.125

	
0.301

	
0.232

	
0.195




	
Females (n = 1573)

	
0.496

	
0.273

	
0.070

	
0.723

	
0.288

	
0.012




	
Animal protein 3

	

	

	

	

	

	




	
Males (n = 1560)

	
0.063

	
0.119

	
0.598

	
0.045

	
0.209

	
0.830




	
Females (n = 1573)

	
−0.131

	
0.200

	
0.512

	
−0.305

	
0.251

	
0.225








1 Baseline value minus 4-year value; 2 adjusted for age, number of chronic diseases, daily energy intake, DQI-I, PASE score, current smoker, current drinker and number of medications; 3 plant/animal protein were adjusted for total protein intake using the residual method.
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