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  Abstract
  Protein supplementation in combination with resistance training may increase muscle mass and muscle strength in elderly subjects. The objective of this study was to assess the influence of post-exercise protein supplementation with collagen peptides v. placebo on muscle mass and muscle function following resistance training in elderly subjects with sarcopenia. A total of fifty-three male subjects (72·2 (sd 4·68) years) with sarcopenia (class I or II) completed this randomised double-blind placebo-controlled study. All the participants underwent a 12-week guided resistance training programme (three sessions per week) and were supplemented with either collagen peptides (treatment group (TG)) (15 g/d) or silica as placebo (placebo group (PG)). Fat-free mass (FFM), fat mass (FM) and bone mass (BM) were measured before and after the intervention using dual-energy X-ray absorptiometry. Isokinetic quadriceps strength (IQS) of the right leg was determined and sensory motor control (SMC) was investigated by a standardised one-leg stabilisation test. Following the training programme, all the subjects showed significantly higher (P<0·01) levels for FFM, BM, IQS and SMC with significantly lower (P<0·01) levels for FM. The effect was significantly more pronounced in subjects receiving collagen peptides: FFM (TG +4·2 (sd 2·31) kg/PG +2·9 (sd 1·84) kg; P<0·05); IQS (TG +16·5 (sd 12·9) Nm/PG +7·3 (sd 13·2) Nm; P<0·05); and FM (TG –5·4 (sd 3·17) kg/PG –3·5 (sd 2·16) kg; P<0·05). Our data demonstrate that compared with placebo, collagen peptide supplementation in combination with resistance training further improved body composition by increasing FFM, muscle strength and the loss in FM.
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 In general, ageing is associated with a decline in motor function, muscle mass and a decrease in muscular performance(
Reference Wang and Bai
1

,
Reference Walston
2

). The definition of sarcopenia includes both an age-related decline in muscle mass and a reduction in functional muscular performance. Sarcopenia is associated with an increased risk for falls and an overall prevalence for frailty(
Reference Ruiz, Cefalu and Reske
3

,
Reference Malafarina, Uriz-Otano and Iniesta
4

). Several investigations have shown that the onset of sarcopenia can be postponed and the progress decelerated by regular physical activity, mainly resistance exercise(
Reference Pillard, Laoudj-Chenivesse and Carnac
5

–
Reference Mayer, Gollhofer and Berg
7

). Furthermore, it has been demonstrated that additional dietary proteins enhance the rate of post-exercise net muscle protein synthesis and decrease muscle protein breakdown following resistance exercise(
Reference Candow, Forbes and Little
8

–
Reference Walker, Dickinson and Timmerman
10

). Consequently, the combination of prolonged resistance exercise and post-exercise protein supplementation should increase fat-free mass (FFM) and/or muscle strength in randomised controlled trials (RCT). However, although several well-controlled studies have shown an increase in strength or FFM, a comparable number of investigations have yielded negative results(
Reference Candow, Forbes and Little
8

,
Reference Phillips, Tang and Moore
9

). In a most recent meta-analysis, Cermak et al.
(
Reference Cermak, Res and de Groot
11

) included twenty-two RCT that have investigated the effect of resistance exercise and protein supplementation on FFM and muscle strength in both young and older subjects. Their analyses showed that protein supplementation increases FFM and strength to a significantly higher level than placebo and that this effect of dietary protein was evident in both younger and older subjects. In most of these RCT, the proteins administered were whey, milk, soya or casein; in some studies, a mixture of different essential amino acids was administered.

 In the present study, we investigated the effect of post-exercise protein supplementation with collagen peptides on muscle mass and muscle function during a 3-month resistance training programme. Collagen is an extracellular protein that accounts for 25–30 % of the total protein content within the human body. The process of hydrolysis yields collagen peptides that are designated as foodstuff. The peptides are rapidly resorbed in the small intestine, which may be important for post-exercise recovery, although the existence of the post-exercise metabolic window has recently been challenged(
Reference Ohara, Matsumoto and Ito
12

). Moreover, collagen peptides are absorbed in intact form to some extent, up to 10 kDa(
Reference Ohara, Matsumoto and Ito
12

–
Reference Oesser, Adam and Babel
15

).

 It is generally believed that the protein applied should be high in branched chain amino acids (BCAA), particularly leucine, which is known to activate several intracellular signal transduction pathways involved in initiating translation such as the mTOR signalling pathway(
Reference Leenders and van Loon
16

,
Reference Morley, Argiles and Evans
17

).

 Collagen is generally regarded as having a relatively low biological value, mainly due to the low amount of BCAA and lysine (Table 1). Nevertheless, the mixture of amino acids has been shown to be superior compared with whey protein in maintaining N balance and body weight during a low-protein diet(
Reference Hays, Kim and Wells
18

). In addition, collagen contains relatively high amounts of arginine and glycine, both known to be important substrates for the synthesis of creatine in the human body(
Reference Brosnan and Brosnan
19

).


Table 1 Amino acid composition of the collagen peptides
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 Although hydrolysed collagen is contained in sports drinks and bars aimed at improving regeneration and post-exercise muscle recovery, to our knowledge, no controlled study has thus far investigated the effect of collagen peptide supplementation on FFM, muscle strength and motor control. We investigated the respective effects in combination with resistance training in a randomised placebo-controlled design in fifty-three elderly men with sarcopenia class I and II.


 Methods


 Subjects

 A total of 148 subjects (Fig. 1) answered an advertisement in a local newspaper in which healthy men, aged>65 years, who experienced a considerable loss in muscular strength or physical performance within the last 3–4 years, were sought. Subjects needed to be able to participate in the 3-month resistance training and be free of acute diseases or illness-related cachexia.

[image: ]




Fig. 1 Flowchart of subject recruitment and dropouts before and during the study. TG, treatment group; PG, placebo group.




 After a telephone interview, forty-two subjects already met the exclusion criteria. These subjects had chronic illnesses (liver, kidney, cancer without recurrence for 5 years, CVD, advanced arthrosis) or other diseases that made participation in the exercise programme impossible; 106 persons were then invited to attend our outpatient ward for further examinations. From these 106 subjects, again forty-six of them met the exclusion criteria, mainly because sarcopenia was absent or because the medical examination yielded further contraindications to participate in the resistance training programme. The presence of sarcopenia was screened using a handheld dynamometer (Trailite; LiteExpress GmbH). According to the European working group on sarcopenia in older people, handgrip strength (<32 kg) is well suited for detecting low muscle strength(
Reference Cruz-Jentoft, Baeyens and Bauer
20

). The presence of sarcopenia was then assured by dual-energy X-ray absorptiometry (DXA) measurement of muscle mass. The diagnosis and classification of sarcopenia were established by the loss of muscle mass and muscle function according to current guidelines(
Reference Cruz-Jentoft, Baeyens and Bauer
20

–
Reference Boeer, Mueller and Krauss
22

). Sarcopenia class I was diagnosed if DXA muscle mass was 1–2 sd lower than the sex-specific mean for young adults, and sarcopenia class II was diagnosed if the muscle mass was lower than 2 sd.

 Among all, sixty subjects gave their written informed consent after being informed about the nature and the possible risks of the investigation. All the subjects completed a comprehensive medical examination and routine blood testing (ESR, haemogram, creatinine, creatine kinase, urea, ALT, AST) to exclude other chronic diseases.

 The study protocol was approved by the ethics committee of the University of Freiburg.




 Study design

 The participants of the study were randomly assigned to the treatment group (TG) (collagen peptide supplementation) or to the placebo group (PG). Randomisation was performed using a random number generator(
Reference Urbaniak and Plous
21

). Blinding of investigators and participants was not lifted until all the data were entered, the data set was secured and the statistical analysis was performed.

 The primary outcome measure was the change in FFM before and after the intervention, which lasted for 12 weeks.

 Compliance was checked by collecting unused supplements. In addition, subjects were asked to keep daily records about the timing of ingestion, side-effects or other problems related to the training programme or the supplements. In addition, blood samples were collected at the beginning and at the end of the study to evaluate the safety of the product and to verify adverse reactions.




 Protein supplementation

 The subjects assigned to the TG (n 30) were given 15 g of collagen peptides/d. The test product with a mean molecular weight of approximately 3 kDa is derived from a complex multi-step procedure by the degradation of type I collagen. The product was provided by GELITA AG (BODYBALANCE™). The amino acid composition of the collagen peptides is shown in Table 1.

 Subjects in the PG (n 30) received silicon dioxide (Sipernat 350; Evonik). Silicon dioxide (silica) was chosen because it is a safe food additive and is absorbed in negligible amounts by the intestine. Therefore, silicon dioxide induces no metabolic effects in contrast to, for example, carbohydrates applied in some of the previous studies in this field.

 Collagen peptides as well as placebo were given in powder form and were dissolved by the participants in 250 ml water. Subjects were instructed to drink the solution as soon as possible following each training session but not later than 1 h after training. During the first hour after training, no other food was allowed, except for water to compensate for sweat loss. Subjects also ingested collagen hydrolysate/placebo on the days without training; they were requested that the time point when they drank the solution without previous training should not differ from the days with training.




 Exercise intervention programme

 The resistance training was carried out at the University of Freiburg and consisted of a 12-week guided training programme on fitness devices (pull down, leg press, bench press, back press, etc.) involving all larger muscle groups. Subjects took part in the resistance training programme in the afternoon three times a week over a time period of 60 min. Individual adaptations of the training protocol were regularly made as a function of the actual performance. The intensity was based on the number of possible repetitions (week 1–4: fifteen repetitions, week 5–9: ten repetitions, week 10–12: eight repetitions; 4 s/repetition). Subjects were excluded from the study if they missed >10 % of the training sessions.




 Methods

 Body composition was measured before and after the 3-month training period using DXA (Stratos DR 2D Fan Beam; Degen Medizintechnik).

 Muscular strength was tested by measuring isokinetic quadriceps strength of the right leg before and after the training programme (Con-Trex) and sensory motor control (SMC) was determined using a standardised one-leg stabilisation test (Posturomed; Haider-Bioswing) as described previously(
Reference Boeer, Mueller and Krauss
22

).




 Dietary intake

 Dietary intake was evaluated before and at the end of the study using 4 days’ nutritional protocols. Subjects were asked to fill out the protocols using household measurements. The protocols were analysed using PRODI 6.0 (Prodi).




 Statistical methods

 All the data in the tables are presented as means and standard deviations and as means with their standard errors in the bar charts. Statistical analysis was performed using the Statistical Package for the Social Sciences Software (SPSS for Windows, version 20.0.1). Normality of all the variables was tested before statistical evaluation using the Kolmogorov–Smirnov test. All the variables were normally distributed. Baseline differences were tested using the unpaired samples t test. Testing for changes between examination at baseline and following the 3-month intervention within groups were performed using the paired samples t test. Testing for changes between groups following the intervention (collagen peptide group=TG v. PG) was carried out using two-way repeated-measures ANOVA for continuous variables. The factors were TG (collagen hydrolysate/placebo) and time (levels were pre- and post-intervention).

 The strength of relationships was analysed using Pearson’s linear correlation coefficient r. A P value of 0·05 or less was considered to indicate statistical significance. Based on previous studies, we expected an increase in FFM (primary outcome measure) by 2 kg with a 2·5 sd
(
Reference Miller, Alexander and Perez
23

). With an α of 0·05 and a power of 0·80, a number of twenty-five subjects in each group was considered appropriate. Considering a dropout rate from 20 %, we chose a number of thirty subjects in each group.






 Results


 Subjects

 A total of fifty-three men with a mean age of 72·2 (sd 4·68) years completed the study (twenty-six men in the TG and twenty-seven men in the PG). Age did not differ significantly between the completers in both groups (TG=72·3 (sd 3·7) years and PG=72·1 (sd 5·53) years).

 All seven dropouts were related to incompliance with the study design and training protocol. Excluded participants predominantly had missed >10 % of the training sessions due to various reasons. No dropout was related to side-effects of the administered collagen peptide supplement or placebo. No serious adverse events were noted and, especially, no pathological findings could be observed in the routine blood tests.

 Based on the results of the handgrip test and the DXA measurements(
Reference Werle, Goldhahn and Drerup
24

), twenty-one subjects of the total study population were categorised as having class I sarcopenia and thirty-two as having class II sarcopenia. Again, data were balanced at baseline with no statistically significant differences between the TG and the PG, regarding classification of sarcopenia (TG=eleven class I and fifteen class II; PG=ten class I and seventeen class II).




 Body composition and muscle strength

 In both the groups, a statistically significant (P<0·001) increase in FFM and a significant loss in fat mass (FM) (P<0·001) could be observed after 3 months (Table 2). Moreover, muscle strength and SMC improved significantly (P<0·001) in both the groups. Moreover, data for bone mass (BM) revealed a statistically significant (P<0·001) increase in both the groups at the end of the study.


Table 2 Body composition, muscle strength and sensory motor control in the subjects before and after supplementation with collagen hydrolysate or placebo (Mean values and standard deviations)
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 RM, repeated measurements; mm, length of path on posturometer.




*
P<0·05 within the group from baseline to final examination; ***P<0·001 within the group from baseline to final examination.† No significant difference at baseline between treatment group and placebo group.










Fig. 2 demonstrates that the observed increase in FFM of 2·90 (sem 1·84) kg in the PG was more pronounced after supplementation with 15 g collagen peptides (+4·22 (sem 2·31) kg). The observed group difference was statistically significant (P<0·05). In addition, the decrease in FM in the collagen peptide-supplemented group (–5·45 (sem 3·17) kg) was more pronounced (P<0·05) compared with the PG (–3·51 (sem 2·16) kg). Although the difference was not significant, baseline characteristics showed that subjects in the PG weighed less and had relatively more FFM and less FM compared with subjects in the collagen-supplemented group. In both the groups, the loss of FM correlated with an increase in FFM; in the collagen-supplemented group, the correlation coefficient (r 0·72; P<0·001) was more pronounced than in the control group (r 0·55; P<0·003) (Figs 3 and 4).
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Fig. 2 Change in fat-free mass and fat mass after 12 weeks of resistance training in elderly men (age>65 years) with collagen peptide supplementation (treatment group, n 26; [image: ]
) or placebo (placebo group, n 27; [image: ]
). Values are means, with their standard errors represented by vertical bars. Significance was tested by ANOVA considering time × treatment interactions. * Mean value was significantly different from that of the placebo group (P<0.05).
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Fig. 3 Correlation (Pearson’s r) between fat-free mass and fat mass changes after a 12 weeks of resistance training in elderly men (age>65 years, n 26) in combination with a daily dosage of 15 g collagen peptides (r 0·72; P<0·001).
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Fig. 4 Correlation (Pearson’s r) between fat-free mass and fat mass changes after a 12 weeks of resistance training in elderly men (age>65 years, n 26) in the placebo group (r 0·55; P<0·003).




 Muscle strength was increased in both the study groups after 12 weeks, but again the effect in the collagen peptide group (16·12 (sem 12·9) Nm) was more distinct than in the PG (+7·38 (sem 13·2) Nm), demonstrating a statistically significant difference (P<0·05) (Fig. 5). SMC was not significantly different from that of the PG (Fig. 5).
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Fig. 5 Changes in strength output and motor control after 12 weeks of resistance training referred to baseline in elderly men (age>65 years) with collagen peptide supplementation (treatment group (TG), n 26) or placebo (placebo group (PG), n 27). Values are means with their standard error of means. Significance tested by ANOVA considering time×treatment interactions. [image: ]
, PG; [image: ]
, TG.




 BM was significantly (P<0·001) increased during the course of the intervention in both the groups. The difference between the groups after the intervention did not reach significance.

 The analysis of the nutritional protocols revealed that the subjects consumed a typical western diet and that they were not protein deficient (protein 16·4 (sem 4·2) % (0·91 g/kg body weight), fat 33·23 (sem 7·1) % and carbohydrates 43·8 (sem 8·7) %). Total energy intake was 7757·1 kJ/d (1854 kcal/d), which is in the lower reference level for this age group; however, underreporting cannot be ruled out in these subjects aiming at improving their body compositing. There were no significant differences between the dietary intake before and after the intervention period. Dietary intake did not differ between the groups.






 Discussion

 The main finding of the present study is that collagen peptides further increased the benefits of the 3-month resistance training in older subjects with sarcopenia. Compared with placebo, subjects in the collagen-supplemented group showed a higher increase in FFM and muscle strength as well as a higher reduction in FM.

 The results of the current study are in accordance with previous investigations, showing that resistance exercise improves strength, FFM, co-ordination as well as postural control in the ageing population(
Reference Liu and Latham
25

).

 However, there is a controversial discussion as to whether the anabolic effect of resistance exercise can be further enhanced by protein supplementation, particularly in the elderly(
Reference Evans
26

,
Reference Paddon-Jones, Short and Campbell
27

). In experimental settings, it has been clearly demonstrated that the ingestion of dietary protein following resistance exercise stimulates muscle protein synthesis rates in the post-exercise period(
Reference Beelen, Koopman and Gijsen
28

,
Reference Koopman, Saris and Wagenmakers
29

). Nevertheless, the findings of RCT investigating this combined effect over a longer period of time have yielded controversial results. Although a considerable amount of well-controlled studies have reported an increase in FFM and muscle strength following the combination of resistance exercise with protein supplementation, other investigators could not confirm a synergistic effect(
Reference Candow, Forbes and Little
8

,
Reference Phillips, Tang and Moore
9

). A meta-analysis by Cermak et al.
(
Reference Cermak, Res and de Groot
11

) analysed the combined effect of protein and resistance exercise in both younger and older subjects by pooling twenty-two RCT. The data indicate that protein supplementation increases the gains in FFM and muscular strength in both young and elder subjects(
Reference Cermak, Res and de Groot
11

). Moreover, a most recent review supports the efficacy of nutritional supplementation in the treatment of sarcopenia(
Reference Malafarina, Uriz-Otano and Iniesta
30

).

 In the present investigation, the increase in FFM and muscle strength and the decrease in FM seemed to be more pronounced compared with previous reports(
Reference Cermak, Res and de Groot
11

). This might be explained by the fact that the training was very extensive. It was designed and supervised by renowned experts in motor control and resistance training(
Reference Mayer, Gollhofer and Berg
7

). In addition, the workload was individually adapted throughout the study, and the main goal of the training procedure was the induction of muscular hypertrophy. Moreover, the participants of the present study were not suffering from severe sarcopenia with no signs of frailty or cachexia. Nevertheless, no significant correlation between the degree of sarcopenia and the individual response to supplementation and training in any of the parameters in the subjects investigated could be observed. All the subjects were living independently with a normal dietary pattern, and the recorded nutritional protocols revealed adequate protein intake. Nevertheless, the subjects did not perform physical exercise, particularly resistance exercise, on a regular basis (<1 h/week). This could further explain why the anabolic stimulus of resistance training induced such a positive effect in this non-frail population.

 Other investigations with comparable study designs were not able to observe an efficacy of protein supplementation in combination with resistance exercise on body composition and muscle strength in the elderly(
Reference Leenders, Verdijk and van der
31

–
Reference Verdijk, Jonkers and Gleeson
33

). Beside factors such as age, health, nutrition status of the subjects and design of the training programme, the type of dietary protein intake could also play a role. In a previous study, we could demonstrate that soya protein together with a resistance training programme, comparable with the one applied in the present investigation, increased muscle mass to a higher extent than in the control group without protein supplementation(
Reference Deibert, Solleder and Konig
34

).

 The effects of collagen peptides on body composition and muscular power output have not been investigated previously. Thus far, studies have mainly focused on the effects of collagen peptides on skin health and degenerative joint diseases such as osteoarthritis(
Reference Bello and Oesser
13

,
Reference Benito-Ruiz, Camacho-Zambrano and Carrillo-Arcentales
14

,
Reference McAlindon, Nuite and Krishnan
35

–
Reference Adam, Spacek and Hulejova
40

). The impact on body composition has not been in the focus, as it is generally believed that the relatively low biological value of collagen would not favour a significant improvement on muscular net protein synthesis. The results of the present investigation do not support this assumption, and the following findings could contribute to further explain the increase in FFM and strength following collagen peptides supplementation: it has been shown that collagen peptide intake was superior to whey protein in maintaining N balance and body weight during a low-protein diet(
Reference Hays, Kim and Wells
18

). Although collagen has a low protein digestibility corrected amino acid score, its N content may be higher compared with whey on a per gram basis due to a high proportion of amino acids having low molecular weight or containing more than one N atom.

 Furthermore, it has been speculated that the timing of protein supplementation as well as the absorption kinetic of the administered protein can have an influence on the efficacy(
Reference Pennings, Boirie and Senden
41

). Some studies revealed that a fast digestion and rapid absorption kinetic could influence the enhancement of muscle hypertrophy by proteins. It has been proposed that the anabolic window for optimal post-exercise anabolic effects begins to close after 90–120 min(
Reference Fielding and Parkington
42

,
Reference Kerksick, Harvey and Stout
43

). In the present study, collagen peptides were ingested within 60 min after training. Therefore, it could be possible that the short post-exercise interval and the rapid digestibility and absorption of collagen peptides following supplementation(
Reference Oesser, Adam and Babel
15

,
Reference Ichikawa, Morifuji and Ohara
44

) may have supported the post-exercise muscle protein anabolism. It has to be critically remarked that a most recent meta-analysis did not support the hypothesis of this anabolic window theory(
Reference Malafarina, Uriz-Otano and Iniesta
30

). Therefore, further research in this area including collagen peptides is necessary.

 Another rather speculative explanation for the observed effects could be that collagen is rich in arginine and glycine, both known to be important substrates for the synthesis of creatine in the human body. Creatine supplementation has been shown to improve both muscle mass and muscular function in some but not all studies(
Reference Antonio and Ciccone
45

). In the recent years, evidence supporting the theory suggesting that creatine supplementation may also play a role in reducing sarcopenia in aged subjects is increasing(
Reference Candow
46

). Therefore, it would be interesting to determine the amount of creatine in the muscle cells following collagen peptide supplementation in future studies.

 In addition, Timmerman & Volpi(
Reference Timmerman and Volpi
47

) discussed the positive effect of an increased microvascular perfusion, and thus increased amino acid delivery, on enhanced anabolic responses after protein supplementation. Collagen peptides have shown to positively influence microcirculation(
Reference Nonaka, Katsuda and Ohmori
48

,
Reference Kouguchi, Ohmori and Shimizu
49

); therefore, this might cause an additional beneficial effect in promoting muscle growth compared with other protein sources.

 Finally, several investigations have shown that collagen peptides significantly reduce pain in subjects with osteoarthritis as well as functional joint pain(
Reference Bello and Oesser
13

,
Reference Moskowitz
50

). Therefore, it could be speculated that the subjects who were supplemented with collagen peptides were able to perform the resistance exercises with less pain, and therefore had a better training gain.

 The reason for the higher increase in muscular strength may also be related to one of the above-mentioned factors or simply goes along with the higher amount of muscle mass. The existence of a specific effect on muscular recruitment cannot be assessed on the basis of the design of the study.

 Nevertheless, the study has several limitations. The statistical analysis was a completers’ analysis and not an intention-to-treat analysis. We decided to choose this approach as the dropout causes were not in direct relationship with the intervention protocol and the subjects dropped out before the final examination.

 Furthermore, we chose a placebo that did not deliver any extra calories. It could be speculated that the additional amount of energy provided by the collagen peptides may be responsible for the respective effects. However, to our knowledge, there are no data showing that additional calories – for example, by carbohydrates – would favour muscle hypertrophy. Therefore, we do not think that it was simply the lower amount of calories in the control group that accounts for the differences observed. Finally, the randomisation yielded two groups with baseline differences in FM and FFM; although the difference was not statistically significant, an influence of these baseline differences on the respective results cannot be ruled out completely.

 In conclusion, the findings of the present study have confirmed previous results that 60 min of resistance exercise, performed three times per week, is well suited to significantly increase muscle mass, muscular strength and motor control in subjects with sarcopenia class I or II. Moreover, the study has demonstrated that the combination of resistance exercise and collagen peptide supplementation resulted in a more pronounced improvement of body composition, as indicated by a significant increase in muscle mass and decrease in FM, compared with placebo. In addition, muscular strength was significantly improved after collagen peptide intake compared with the training programme plus placebo.

 Further studies should investigate the effect of combined resistance training and collagen peptide intake in other study populations, including sex and different age groups and should focus on the mode of action as well as on the required dosage.
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 Table 1 Amino acid composition of the collagen peptides
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 Fig. 1 Flowchart of subject recruitment and dropouts before and during the study. TG, treatment group; PG, placebo group.

 

 


View in content
 [image: Figure 2]

 Table 2 Body composition, muscle strength and sensory motor control in the subjects before and after supplementation with collagen hydrolysate or placebo (Mean values and standard deviations)
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 Fig. 2 Change in fat-free mass and fat mass after 12 weeks of resistance training in elderly men (age>65 years) with collagen peptide supplementation (treatment group, n 26; ) or placebo (placebo group, n 27; ). Values are means, with their standard errors represented by vertical bars. Significance was tested by ANOVA considering time × treatment interactions. * Mean value was significantly different from that of the placebo group (P<0.05).
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 Fig. 3 Correlation (Pearson’s r) between fat-free mass and fat mass changes after a 12 weeks of resistance training in elderly men (age>65 years, n 26) in combination with a daily dosage of 15 g collagen peptides (r 0·72; P<0·001).
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 Fig. 4 Correlation (Pearson’s r) between fat-free mass and fat mass changes after a 12 weeks of resistance training in elderly men (age>65 years, n 26) in the placebo group (r 0·55; P<0·003).
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 Fig. 5 Changes in strength output and motor control after 12 weeks of resistance training referred to baseline in elderly men (age>65 years) with collagen peptide supplementation (treatment group (TG), n 26) or placebo (placebo group (PG), n 27). Values are means with their standard error of means. Significance tested by ANOVA considering time×treatment interactions. , PG; , TG.

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 [image: alt] 
 




Open access

 	152
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
152




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Scott, Alex
and
Nordin, Cara
2016.
Metabolic Influences on Risk for Tendon Disorders.
Vol. 920,
Issue. ,
p.
283.


	CrossRef
	Google Scholar






Phillips, Stuart M.
Tipton, Kevin D.
van Loon, Luc J. C.
Verdijk, Lex B.
Paddon-Jones, Douglas
and
Close, Graeme L.
2016.
Exceptional body composition changes attributed to collagen peptide supplementation and resistance training in older sarcopenic men.
British Journal of Nutrition,
Vol. 116,
Issue. 3,
p.
569.


	CrossRef
	Google Scholar






Kitakaze, Tomoya
Sakamoto, Tomotaka
Kitano, Takehiro
Inoue, Naoki
Sugihara, Fumihito
Harada, Naoki
and
Yamaji, Ryoichi
2016.
The collagen derived dipeptide hydroxyprolyl-glycine promotes C2C12 myoblast differentiation and myotube hypertrophy.
Biochemical and Biophysical Research Communications,
Vol. 478,
Issue. 3,
p.
1292.


	CrossRef
	Google Scholar






Tometsuka, Chisa
Koyama, Yoh-ichi
Ishijima, Tomoko
Toyoda, Tsudoi
Teranishi, Miki
Takehana, Kazushige
Abe, Keiko
and
Nakai, Yuji
2017.
Collagen peptide ingestion alters lipid metabolism-related gene expression and the unfolded protein response in mouse liver.
British Journal of Nutrition,
Vol. 117,
Issue. 1,
p.
1.


	CrossRef
	Google Scholar






Hong, Hui
Chaplot, Shreyak
Chalamaiah, Meram
Roy, Bimol C.
Bruce, Heather L.
and
Wu, Jianping
2017.
Removing Cross-Linked Telopeptides Enhances the Production of Low-Molecular-Weight Collagen Peptides from Spent Hens.
Journal of Agricultural and Food Chemistry,
Vol. 65,
Issue. 34,
p.
7491.


	CrossRef
	Google Scholar






Liao, Chun-De
Tsauo, Jau-Yih
Wu, Yen-Tzu
Cheng, Chin-Pao
Chen, Hui-Chuen
Huang, Yi-Ching
Chen, Hung-Chou
and
Liou, Tsan-Hon
2017.
Effects of protein supplementation combined with resistance exercise on body composition and physical function in older adults: a systematic review and meta-analysis.
The American Journal of Clinical Nutrition,
Vol. 106,
Issue. 4,
p.
1078.


	CrossRef
	Google Scholar






Beaudart, C.
Dawson, A.
Shaw, S. C.
Harvey, N. C.
Kanis, J. A.
Binkley, N.
Reginster, J. Y.
Chapurlat, R.
Chan, D. C.
Bruyère, O.
Rizzoli, R.
Cooper, C.
and
Dennison, E. M.
2017.
Nutrition and physical activity in the prevention and treatment of sarcopenia: systematic review.
Osteoporosis International,
Vol. 28,
Issue. 6,
p.
1817.


	CrossRef
	Google Scholar






Paddon‐Jones, Douglas
Coss‐Bu, Jorge A.
Morris, Claudia R.
Phillips, Stuart M.
Wernerman, Jan
McClave, Stephen A.
Hurt, Ryan T.
Martindale, Robert G.
and
Ochoa Gautier, Juan B.
2017.
Variation in Protein Origin and Utilization: Research and Clinical Application.
Nutrition in Clinical Practice,
Vol. 32,
Issue. 1S,


	CrossRef
	Google Scholar






周, 建烈
2017.
Update on Collagen Peptide in Sports Nutrition.
Hans Journal of Food and Nutrition Science,
Vol. 06,
Issue. 04,
p.
209.


	CrossRef
	Google Scholar






Zdzieblik, D.
Oesser, S.
Dressler, P.
Gollhofer, A.
and
König, D.
2017.
Effect of specific collagen peptides with various dosages on body composition in untrained men.
Proceedings of the Nutrition Society,
Vol. 76,
Issue. OCE4,


	CrossRef
	Google Scholar






Luo, Dan
Lin, Zheng
Li, Sha
and
Liu, Shen-Jia
2017.
Effect of nutritional supplement combined with exercise intervention on sarcopenia in the elderly: A meta-analysis.
International Journal of Nursing Sciences,
Vol. 4,
Issue. 4,
p.
389.


	CrossRef
	Google Scholar






Gomes, Mariana Janini
Martinez, Paula Felippe
Pagan, Luana Urbano
Damatto, Ricardo Luiz
Mariano Cezar, Marcelo Diacardia
Ruiz Lima, Aline Regina
Okoshi, Katashi
and
Okoshi, Marina Politi
2017.
Skeletal muscle aging: influence of oxidative stress and physical exercise.
Oncotarget,
Vol. 8,
Issue. 12,
p.
20428.


	CrossRef
	Google Scholar






Aspevik, Tone
Oterhals, Åge
Rønning, Sissel Beate
Altintzoglou, Themistoklis
Wubshet, Sileshi Gizachew
Gildberg, Asbjørn
Afseth, Nils Kristian
Whitaker, Ragnhild Dragøy
and
Lindberg, Diana
2017.
Valorization of Proteins from Co- and By-Products from the Fish and Meat Industry.
Topics in Current Chemistry,
Vol. 375,
Issue. 3,


	CrossRef
	Google Scholar






Yoshimura, Yoshihiro
Wakabayashi, Hidetaka
Yamada, Minoru
Kim, Hunkyung
Harada, Atsushi
and
Arai, Hidenori
2017.
Interventions for Treating Sarcopenia: A Systematic Review and Meta-Analysis of Randomized Controlled Studies.
Journal of the American Medical Directors Association,
Vol. 18,
Issue. 6,
p.
553.e1.


	CrossRef
	Google Scholar






Dent, Elsa
Morley, J.E.
Cruz-Jentoft, A.J.
Arai, H.
Kritchevsky, S.B.
Guralnik, J.
Bauer, J.M.
Pahor, M.
Clark, B.C.
Cesari, M.
Ruiz, J.
Sieber, C.C.
Aubertin-Leheudre, M.
Waters, D.L.
Visvanathan, R.
Landi, F.
Villareal, D.T.
Fielding, R.
Won, C.W.
Theou, O.
Martin, F.C.
Dong, B.
Woo, J.
Flicker, L.
Ferrucci, L.
Merchant, R.A.
Cao, L.
Cederholm, T.
Ribeiro, S.M.L.
Rodríguez-Mañas, L.
Anker, S.D.
Lundy, J.
Gutiérrez Robledo, L.M.
Bautmans, I.
Aprahamian, I.
Schols, J.M.G.A.
Izquierdo, M.
and
Vellas, B.
2018.
International Clinical Practice Guidelines for Sarcopenia (ICFSR): Screening, Diagnosis and Management.
The Journal of nutrition, health and aging,
Vol. 22,
Issue. 10,
p.
1148.


	CrossRef
	Google Scholar






Shang, N.
Chaplot, S.
and
Wu, J.
2018.
Proteins in Food Processing.
p.
301.


	CrossRef
	Google Scholar






Czajka, Anna
Kania, Ewa M.
Genovese, Licia
Corbo, Andrea
Merone, Giovanni
Luci, Cecilia
and
Sibilla, Sara
2018.
Daily oral supplementation with collagen peptides combined with vitamins and other bioactive compounds improves skin elasticity and has a beneficial effect on joint and general wellbeing.
Nutrition Research,
Vol. 57,
Issue. ,
p.
97.


	CrossRef
	Google Scholar






Ito, Naoki
Seki, Shinobu
and
Ueda, Fumitaka
2018.
Effects of Composite Supplement Containing Collagen Peptide and Ornithine on Skin Conditions and Plasma IGF-1 Levels—A Randomized, Double-Blind, Placebo-Controlled Trial.
Marine Drugs,
Vol. 16,
Issue. 12,
p.
482.


	CrossRef
	Google Scholar






Hong, Hui
Roy, Bimol C.
Chalamaiah, Meram
Bruce, Heather L.
and
Wu, Jianping
2018.
Pretreatment with formic acid enhances the production of small peptides from highly cross-linked collagen of spent hens.
Food Chemistry,
Vol. 258,
Issue. ,
p.
174.


	CrossRef
	Google Scholar






Arai, Hidenori
Wakabayashi, Hidetaka
Yoshimura, Yoshihiro
Yamada, Minoru
Kim, Hunkyung
and
Harada, Atsushi
2018.
Chapter 4 Treatment of sarcopenia.
Geriatrics & Gerontology International,
Vol. 18,
Issue. S1,
p.
28.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Collagen peptide supplementation in combination with resistance training improves body composition and increases muscle strength in elderly sarcopenic men: a randomised controlled trial








	Volume 114, Issue 8
	
Denise Zdzieblik (a1), Steffen Oesser (a2), Manfred W. Baumstark (a3), Albert Gollhofer (a1) and Daniel König (a1) (a3)

	DOI: https://doi.org/10.1017/S0007114515002810





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Collagen peptide supplementation in combination with resistance training improves body composition and increases muscle strength in elderly sarcopenic men: a randomised controlled trial








	Volume 114, Issue 8
	
Denise Zdzieblik (a1), Steffen Oesser (a2), Manfred W. Baumstark (a3), Albert Gollhofer (a1) and Daniel König (a1) (a3)

	DOI: https://doi.org/10.1017/S0007114515002810





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Collagen peptide supplementation in combination with resistance training improves body composition and increases muscle strength in elderly sarcopenic men: a randomised controlled trial








	Volume 114, Issue 8
	
Denise Zdzieblik (a1), Steffen Oesser (a2), Manfred W. Baumstark (a3), Albert Gollhofer (a1) and Daniel König (a1) (a3)

	DOI: https://doi.org/10.1017/S0007114515002810





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















