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ABSTRACT  

Insulin-like growth factor 1 (IGF-1) is a dichotomous 

hormone. While beneficial for growth/repair, and regulating 

muscle hypertrophy, high concentrations of IGF-1 are 

associated with increased risk of cancer and mortality.  

Factors thought to mediate IGF-1 include dietary protein and 

exercise.  The purpose of this study was to analyze acute 

effects of dietary protein and/or exercise on plasma free IGF-

1 and the time-course thereof to inform individuals who may 

benefit from increased IGF-1 (muscle growth/repair) or 

reduced IGF-1 (risk/diagnosis of cancer).  Twenty-four 

participants (11 females, 24.9±4.6y) completed the three-way 

crossover study consisting of: (1)a high protein (42g) meal; 

(2)exercise (20min with four 30sec sprints); and (3)exercise 

followed by a high protein meal.  Blood samples were 

collected fasted at rest, immediately after rest (or 5min after 

exercise), and at regular intervals throughout a 5h recovery. 

An additional fasted venipuncture was performed the morning 

following each condition (24h after baseline).  Free IGF-1 

was higher at immediately after exercise in the exercise 

condition (p=0.04).  In the protein condition the 24h IGF-1 

was 17.5% higher (p=0.02) than baseline.  IGF-1 did not 

change over time in response to exercise with protein.  The 

data gleaned from this study can enhance the knowledge of 

the time-course effects from protein and/or exercise on IGF-1. 

This study can provide a foundation for future research to 

investigate optimal timing and dosage to enhance muscle 

protein synthesis for athletes, as well as investigate whether 

consistent high protein meals may chronically elevate IGF-1 

and increase the risk of deleterious health outcomes.  
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INTRODUCTION  

Insulin-like growth factor 1 (IGF-1) stimulates growth, repair, and is an important regulator of 

muscle hypertrophy (1).  However, high concentration of IGF-1 is associated with increased risk 

of some types of cancer (2, 3) and mortality (4).  Factors that are thought to mediate blood IGF-1 

concentration include dietary protein (5, 6) and exercise (5, 6).  Could it be possible to 

manipulate diet and exercise to produce acute increases in IGF-1 that maximize the benefits of 

exercise but stave off the deleterious effects of long term increases in IGF-1?  In order to answer 

this question, we first need to better understand the acute response of IGF-1 to a single dose of 

dietary protein, exercise, and protein with exercise.  In this way, future research can expand upon 

our findings and analyze the long-term effects of each mediating factor.      

Previous research investigating the effects of dietary protein on IGF-1 in cross sectional studies 

has shown that chronic elevations in dietary protein are associated with increased IGF-1 

concentration (7) and increased cancer risk (8, 9).  However, no study has tracked the acute IGF-

1 response to a single dose of dietary protein.   

While numerous studies have examined the effect of exercise on IGF-1 concentration (10, 11), 

the results appear to be contingent upon exercise type.  Resistance (12, 13) and sprint (14) 

exercises have been shown to elevate IGF-1 concentration and endurance exercise (15, 16) has 

been shown to decrease IGF-1 concentration.   

Studies investigating the acute IGF-1 response to the combined effect of exercise and protein 

ingestion have predominantly used resistance exercise (17, 18) or endurance running (19) and 

have failed to show significant changes in IGF-1 concentration, indicating a possible interaction 

effect between protein and exercise.  Thus, this study seeks to determine to identify possible 

interactions between dietary protein and sprint exercise, the condition which is most applicable 

to athletes that routinely consume protein after exercise to increase muscle anabolic properties.  

Furthermore, there are no studies that have investigated the effects of all three conditions 

(protein, exercise and protein with exercise) in the same individuals.   

The present study was designed to better understand the impact a single dose of protein and 

exercise, can have on IGF-1 and, specifically, if exercise modulates any protein-induced increase 
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in IGF-1 concentration.  Therefore, the purpose of this study was to analyze acute effects of 

dietary protein and exercise, independently and combined, on free IGF-1 concentration and the 

time-course thereof.   

METHODS 

Participants. 

Participants were recruited locally via flyers, social media postings and Otago University email 

lists.  All participants (males = 13, females = 11) were healthy, not on medication (other than 

birth control pills or vitamins/minerals), not diabetic nor in any identifiable disease state, 

BMI<30 not pregnant or lactating nor planning pregnancy, and were physically capable of 

participating in physical activity (Table 1).  

Experimental Design 

This randomized, three-way crossover study was performed in Dunedin, New Zealand between 

January and March 2019.  Trials were conducted at the same time of day for each participant, 

separated by a minimum of one week, and maximum of 17 days (mdn = 7 days).  The three 

conditions consisted of: (1) a high protein (42 g) meal; (2) exercise (20 min with four 30 second 

sprints); and (3) exercise followed by a high protein meal.  Participants were randomly assigned 

to complete the three conditions in one of six possible orders via a random number generator 

(Microsoft Excel for Office 365 MSO 16.0).  The trials were not blinded; however, participants 

were not told the condition in which they participated until they reported to the facility the 

morning of testing and the subsequent analysis of the samples was blinded.  The study was 

approved by the University of Otago Ethics Committee (H18/133), conformed to the standards 

set by the Declaration of Helsinki, and written informed consent was obtained from all 

participants.  The study was registered with the Australian New Zealand Clinical Trials Registry 

(ACTRN12618001919202p).   

Pre-condition Testing  

After providing written informed consent, and at least one week prior to participating in the first 

condition, anthropometric measurements, bio-electrical impedance analysis (BIA; InBody230 
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GBC BioMed, Auckland, N.Z.) for body composition, and a maximal oxygen capacity (VO2max) 

test were conducted.  Participants completed the Physical Activity Readiness Questionnaire 

(PAR-Q) to assess suitability to perform maximal exercise, and an exercise history questionnaire 

to determine the amount of exercise they have been performing in the three months preceding the 

experiment.  No one was excluded based on the results of the PAR-Q.  The VO2max test was 

performed on a cycle ergometer (Velotron, Seattle WA, USA) via a modified Andersen protocol 

(20) and was used to set the workload for the exercise condition of the study as well as to detect 

the training status of the participants (20).     

Experimental Conditions 

Protein Condition 

Participants reported to the testing facility in the morning after a 10 h overnight fast.  Participants 

confirmed that they did not perform exercise for 24 h prior to testing and body composition was 

assessed using BIA.  Thirty min after the baseline assessment point (the first blood sample) 

(Figure 1), participants were immediately handed a high protein liquid meal (whey protein 

isolate and dextrose mixed in almond milk) to consume within 10 min. The high protein meal 

provided 45 g of protein, 28 g of carbohydrate, and 12 g of fat, totaling 1707 kJ.  After 

consuming the high protein meal participants rested quietly for the remainder of the session, 

consuming only water. At the completion of the session, participants were provided with a meal 

consisting of mini pizzas (or allergen-free equivalent) (1410 kJ, 14.2 g protein, 7.8 g fat, and 

50.9 g carbohydrates per pizza), which they consumed ad libitum at the competition of the first 

condition.  The number of pizzas consumed was then replicated after the participants’ second 

and third sessions.  Participants left the facility and were instructed to record their diet from the 

time they left the facility until 10 h before their final blood draw of the condition (24 h after the 

baseline blood draw).  They were told to replicate this diet after each condition (including a fast 

for 10 h before their final blood draw of each condition).  In addition, participants were asked to 

refrain from physical activity until after they had returned to the facility the next morning.   
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Exercise Condition 

The protocol was the same as in the protein condition, however, instead of resting quietly prior to 

consuming the meal, participants performed a 20-minute exercise session on a cycle ergometer 

consisting of four cycles of: 4 min at 15% of aerobic threshold power followed by 30 seconds of 

maximum effort at 100% of aerobic threshold power. Upon completion of the exercise, 

participants received an isocaloric low-protein liquid meal, which they were instructed to 

consume within 10 min.  The low-protein meal consisted of: dextrose and cocoa powder mixed 

in almond milk (1657 kJ, 65 g carbohydrate, 5.9 g protein, 11.6 g fat).   

Protein and Exercise Condition 

The protocol was the same as in the exercise condition. However, exercise was followed by 

consumption of the high protein liquid meal instead of the low-protein meal (compositions as 

noted in prior sections).   

Blood Collection  

A venous cannula (BD Adsyte Pro 20 GA 61 mL/min, Sandy, Ut) was inserted into the 

antecubital vein approximately 10 min after the participant arrived for testing.  Blood samples 

were collected at rest, immediately after rest or within five min of concluding exercise 

(depending on the condition), and at regular intervals during the recovery period (Figure 1).  

Samples were collected from the cannula into syringes and immediately transferred to EDTA 

vacutainer tubes (K2E 10.8mg, Plymouth, UK), inverted 8 times, refrigerated, and within an 

hour of collection, centrifuged at 2000 g for 10 min (Digisystem Laboratory Instruments Inc., 

Table Top Centrifuge, New Taipei City, TW).  Plasma was aliquoted into two microcentrifuge 

tubes (1.5 mL) and frozen at -80◦C until later analysis.  The cannula was removed after the five h 

of testing.  The fasted 24 h blood samples were collected into EDTA vacutainer tubes (K2E 

10.8mg, Plymouth, UK), which were treated and processed in the same manner as above. 

Analytical Methods 

Free IGF-1 concentration was measured using commercially available enzyme-linked 

immunosorbent assays (ab211651 Human IGF1 SimpleStep ELISA Kit, Cambridge, UK).  
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Absorbance was read on a microplate reader at 450 nm (BioRad Model680, Hercules, CA).  All 

analyses were performed in duplicate, and all analyses for each participant were performed 

within the same assay batch to reduce inter-assay variance in compliance with recommended 

laboratory procedures (21).  The intra-assay variance was 15.2%.     

Statistical Analysis 

Data are expressed as mean ± SD.  Data were analyzed using STATA statistical software 

(STATA IC 15, College Station, TX, USA).  A P<0.05 was considered statistically significant.   

A sample size of 24 participants was chosen to provide 80% power to detect a treatment effect of 

a 0.5 standard deviation difference in mean IGF-1 area under the curve (AUC) response, 

assuming a within participant correlation of 0.7 and an alpha of 0.05.  Total AUC was calculated 

by trapezoidal reconstruction for the time period between baseline and 300 min (i.e. total 

duration of a session). Differences in area under the curve between conditions was calculated by 

a within subject repeated measures analysis of variance (ANOVA).  A within subject repeated 

measures ANOVA was also used to detect between condition difference in: baseline IGF-1 

concentration, incremental AUC, peak IGF-1 concentration, time of peak concentration, IGF-1 

concentration at 24 h, and change in IGF-1 concentration from baseline to peak.   

A multilevel mixed-effects linear regression was run to investigate the change in IGF-1 

concentration over time for all three conditions.  Tests of simple main effects were run to 

determine which time points were significantly different from baseline in each condition. 

A separate multilevel mixed-effects linear regression was utilized to investigate potential 

differences between the baseline measure and 24 h after baseline in each condition.  Tests of 

simple main effects were conducted to determine if IGF-1 concentration at 24 h after baseline 

was significantly different from baseline in each condition.   

RESULTS 

Twenty-four recreationally active males and females completed the study. The characteristics of 

these participants are presented in Table 1. Participants that could not complete the study were 

excluded from the analysis. Reasons for the dropouts included: scheduling conflicts due to the 
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time commitment necessary to complete the study (four), fainting when the cannula was inserted 

into their arm or being uncomfortable with blood draws (five), inability to find a suitable vein for 

cannulation (one), or family emergency (one).  

Changes in IGF-1 Concentration over Time 

In the protein condition, IGF-1 concentration did not change over the first 300 min (p=0.56).  

However, at 24 h IGF-1 concentration was 3.41 pg/mL higher (95% CI 0.64 to 6.07; p=0.02) 

than at baseline (Figure 2).   

In the exercise condition IGF-1 concentration was significantly higher at 30 min (immediately 

after exercise) (Δ 3.14 pg/mL; 95% CI 0.39 to 5.90; p=0.04) (Figure 2).  At none of the other 

timepoints was IGF-1 different from baseline (including at 24 h (Δ 2.65 pg/mL; 95% CI 2.62 to 

2.68; p=0.69)).  

In the exercise and protein condition IGF-1 concentration did not change over time (first 300 min 

p=0.712) or from baseline to 24 h (Δ 1.63 pg/mL; 95% CI 1.60 to 1.66; p=0.391).  

Differences between Conditions 

The plasma IGF-1 AUC was not significantly different between conditions (p=0.69) (Figure 2).  

The baseline IGF-1 concentration (p=0.93), peak concentration (p=0.88), change from baseline 

to peak concentration (p=0.37), and change from baseline to 24 h concentration (p=0.63) were 

not statistically significant between conditions.  The difference in IGF-1 concentration at 24 h 

between conditions approached significance (p=0.07).  The time to peak concentration within the 

first 300 min was significantly longer in the protein condition than the exercise condition (85.00 

± 34.64 min; p=0.01) and the protein with exercise condition (66.41 ± 35.63 min; p=0.04).  The 

time to peak concentration was similar in the protein with exercise and exercise only conditions 

(p=0.51). 

DISCUSSION  

To our knowledge, our study is the first to show that IGF-1 concentration is increased 24 h after 

ingesting protein (45 g). We also observed an increase in IGF-1 concentration immediately 

following high-intensity interval cycling, which is similar to that observed with previous 
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research, indicating such exercise produces elevations in IGF-1 concentration immediately after 

exercise (22, 23). Interestingly, when exercise preceded protein ingestion no increase in IGF-1 

concentration at 24 h was observed.   

Differences Between Conditions and Potential Mechanisms:  

When analyzing the differences between conditions for summary measures, the AUC was similar 

in all three conditions.  However, the shapes of the IGF-1 concentration response curves were 

different (Figure 2).  Therefore, it is possible that the different stimuli (dietary protein vs exercise 

vs protein with exercise) elicit different release mechanisms or a change in the sensitivity.   

The mechanisms through which dietary protein affects free IGF-1 concentration have yet to be 

fully elucidated. However, studies investigating the effects of consecutive days of high protein 

diets have shown IGF-1 to increase linearly with protein dose (24). Interestingly, our results 

indicate no significant changes in IGF-1 concentration for up to 5 hours after ingestion, but a 

significant, increase at 24 h.  It is possible that the hepatic release of IGF-1 is a slow process and 

any rise in IGF-1 caused by dietary protein may not be immediately observed in the circulation.  

The mechanisms underlying the release of IGF-1 after exercise are not fully understood either.  

However, there are three leading theories(25) : 1) exercise increases growth hormone secretion, 

which results in increased hepatic production of IGF-1 and circulating IGF-1(26); 2) growth 

hormone secretion stimulated by exercise induces endogenous production of IGF-1 by the 

muscle; 3) exercise stimulates the active muscle to produce IGF-1 independently of circulating 

growth hormone(27). Thus, differences in the time course response of IGF-1 concentration 

between our experimental conditions may be due to independent regulatory mechanisms 

associated with protein consumption and exercise.  However, the mechanisms of IGF-1 release 

during this investigation was not a part of our intent.   

Effects of Dietary Protein: 

The most novel finding of our study is that IGF-1 concentration was significantly greater than 

baseline at the 24 h measure after ingesting protein. This increase has not been observed 

previously and may be indicative of a delayed effect caused by the consumption of protein. Since 

the half-life of IGF-1 is six h (28) and the stability of IGF-1 concentration can increase due to 
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binding proteins (28), it is possible that dietary protein consumption causes changes in 

circulating IGF-1 by creating a complex with binding protein and extending the half-life to 15 h 

(28).  Regrettably, we were unable to assess IGF binding proteins. The change in IGF-1 

concentration 24 h after protein ingestion may have implications for long term IGF-1 regulation.  

Since an elevation was seen with a single high protein meal, it is possible that multiple high 

protein meals on a consistent basis may chronically or repeatedly elevate IGF-1 concentration. 

Future research should address this supposition and determine the validity of our speculation.   

It should be noted that we chose to monitor IGF-1 concentration for five h after baseline and at 

one time point 24 h after baseline. These time points were chosen in order to monitor the IGF-1 

response immediately following protein ingestion, where we would have expected to see the 

most change.  We used the 24 h measure to reduce any potential effects of circadian IGF-1 

release and reveal how the effects of each condition altered the fasted, morning IGF-1 

concentration. Thus, we feel any change observed in IGF-1 was due to the condition and not the 

timing of sampling.    

Effects of Exercise:  

The observed effects of exercise on IGF-1 concentration, are in agreement with others who 

conducted two thirty second sprints on a cycle ergometer with four min recovery between sprints 

(29), demonstrating that high-intensity exercise acutely elevates IGF-1 concentration (30).  Part 

of this observed response may be due to plasma volume shifts.  Plasma volume shifts occur 

during the onset of exercise due to osmotic movement of water from the intravascular space to 

the active muscle (31). We did not measure hematocrit (nor hemoglobin) and thus do not know 

the magnitude of the hemoconcentration. However, we did measure an increase in IGF-1 

concentration immediately after exercise of 16 percent. Based upon the observed 

hemoconcentration with this type of exercise, ~2 percent as reported by others (29), we feel 

confident to conclude that the post-exercise rise in IGF-1 was in response to the exercise bout 

and not solely hemoconcentration.  Moreover, as free IGF-1 should move with the plasma out of 

the vascular space, any effect of plasma volume shifts should not affect the observed 

concentration in reflecting IGF-1 release (32). Furthermore, the physiological influence of 
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hormones on target tissue receptors is affected by concentration change, regardless of the 

mechanism by which that change is implemented (33).   

Despite an acute transient increase in IGF-1, exercise appears not to result in any lasting changes 

in IGF-1, as the concentration measured at 24 h was not different from baseline.  This is 

consistent with several other previous studies that also found no change the morning after a 36 

km run(15), one hour of single-leg kicking (in men(34) and women in both the luteal and 

follicular phase(35)), moderate duration resistance exercise(36), long duration resistance 

exercise(36), moderate duration cycling(36), and long duration cycling(36).  However, it is 

possible that when exercise induces a large energy deficit, decreases in IGF-1 concentration can 

occur since reductions in IGF-1 24 h after an ultra-endurance race have been observed in male 

participants (37). In addition,  decreases in body weight/fat mass and decreases in IGF-1 have 

been observed as a result of restricted energy intake in military personnel during simulated field 

operations (38).   

Effects of Protein with Exercise:  

Previous studies have investigated the relationship between protein consumed immediately after 

exercise and IGF-1. However, most of these studies involved resistance exercise (17, 18) or 

endurance running (19, 39) and failed to find a significant effect of protein with exercise on IGF-

1 concentration. Our study is the first to monitor the effects of dietary protein with intermittent 

high-intensity sprint cycling exercise.  Our results indicate that the combination of dietary 

protein and exercise dose not result in any statistically significant change in IGF-1 concentration 

over time.  This is a surprising result given that previous studies have shown ingestion of protein 

after exercise results in greater skeletal muscle anabolism when compared to exercise and a 

placebo beverage(40, 41).  Thus, we would have expected exercise and dietary protein to have an 

additive effect on IGF-1 concentration. This was not the case; but it is possible that under 

different conditions it may have occurred. Since no such additive effect was observed with our 

protocol, further research is needed to determine the optimal conditions (timing, dose type of 

protein) for protein supplementation after exercise to enhance IGF-1 and protein synthesis. 

When protein ingestion was preceded by exercise there was no effect on IGF-1 the following 

morning.  The effect of exercise on protein induced IGF-1 release may be indicative of a 
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protective mechanism produced by exercise in which IGF-1 concentrations return to baseline 

faster.  It is possible that an exercise induced increase in IGF-1 binding proteins reduced the 

quantity of free IGF-1 in circulation (42). However, without measuring the concentration of IGF-

1 binding proteins we are unable to confirm this theory.  To our knowledge, this is the first study 

with a subsequent 24 h, measure to investigate the effects of exercise with protein on IGF-1.  An 

additive, or perhaps synergistic, effect when protein ingestion was preceded by exercise could 

have been expected. That is, specifically showing a significant increase after exercise (due to 

stimulator actions of the physical activity and plausible localized IGF-1 release) as well as at 24 

h (due to the previously observed 24 h increase in the protein condition and plausible systemic 

IGF-1 release).  Surprisingly, this was not observed.  The total lack of response suggests a 

potential antagonism action exists from the interaction of protein ingestion and exercise (i.e., as 

manipulated in this study).  We cannot explain why such an action would occur, but it could 

represent pre- or post-secretion regulatory events that control IGF-1 levels in the circulation and 

maintain homeostasis. Future research needs to pursue this interesting finding and elucidate the 

mechanism(s).  

CONCLUSIONS:  

Our results demonstrate that the timing and magnitude of plasma free IGF-1 concentration are 

influenced differently by exercise, than with protein ingestion, or when protein ingestion is 

preceded by exercise.  Our results are the first to describe the time course response of free IGF-1 

to dietary protein.  While all three conditions resulted in a similar area under the curve for IGF-1 

concentration, the timing and magnitude of change in IGF-1 concentration were different.  

Dietary protein did not produce significant changes in IGF-1 concentrations in the initial 5 h 

after ingestion, but it did significantly increase IGF-1 concentration 24 h after baseline.   The 

exercise with protein condition, a single bout of intermittent sprint exercise followed by protein 

ingestion, most closely resembles the current practices of athletes seeking to maximize skeletal 

muscle growth by the consumption of protein directly after a workout.  The 24 h increase in IGF-

1 observed in the protein only condition was mitigated by performing exercise with protein.  This 

finding may be important for the long-term health of athletes or individuals on a high protein 

diet.  Since it appears that exercise prior to protein ingestion provides a protective mechanism it 

may be possible to mitigate the harmful effects of a high protein diet with exercise. The data 
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gleaned from this study can enhance the knowledge of the time course of effects from protein 

and exercise on IGF-1 concentration.  In addition, this study can provide a foundation for future 

research to investigate optimal timing and dosage combinations to enhance muscle protein 

synthesis for athletes, as well as investigate whether multiple high protein meals on a consistent 

basis may chronically elevate IGF-1 concentration and increase the risk of deleterious health 

outcomes.  
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Tables 

Table No. 1: Participant characteristics (n=24; m=13, f=11) 

Age (year) 24.9 ± 4.6 

Height (cm) 173.9 ± 10.6 

Body mass (kg) 71.9 ± 12.6 

Body fat (%) 18.5 ± 8.4 

VO2max (ml/kg/min) 47.0 ± 9.9 

Values are means ± SD 
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Table No. 2: Differences Between Trials 

 Protein 

Condition 

Exercise 

Condition 

Protein & Exercise 

Condition 

Area Under the Curve (pg/mL/h) 97.26 ± 

42.12 

99.15 ± 

35.10 
94.66 ± 38.56 

Peak IGF-1 Concentration (pg/mL) 24.67 ± 8.37 24.91 ± 7.71 25.24 ± 8.36 

Time to Peak IGF-1 Concentration within 

first 300 min (min after baseline) 

182.50 

±102.37 

97.50 ± 

95.38 
116.09 ± 94.57 

Baseline IGF-1 Concentration (pg/mL) 19.80 ± 9.32 19.48 ± 8.08 19.18 ± 6.78 

24 h IGF-1 Concentration (pg/mL) 23.27 ± 8.76 21.95 ± 8.27 20.07 ± 9.68 

Change from Baseline to 24 h IGF-1 

Concentration (pg/mL) 
3.41 ± 6.37* 2.65 ± 7.99 1.63 ± 8.58 

Values are means ± SD 

Statistically different 24 h from baseline * 

 

Figure 1:  Protocol 

Time 

(h:min) 
0 0-:30 :30 

:30-

:40 
1:00 1:30 2:00 2:30 3:00 4:00 

5:0

0 

5:0

5 

BREAK 

OVER 

NIGHT 

24:

00 

Condition: 

Protein 

Only 
              

Condition: 

Exercise 

Only 
   

 

          

Condition: 

Exercise & 

Protein 
   

 

          

Figure 1: Timeline of protocol.  P= protein meal, C= isocaloric placebo meal, = blood draw, 

= seated and quiet rest, = cycling exercise protocol, = overnight rest, = pizza 
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Figure 2: Mean free IGF-1 concentration (pg/mL) from fasted, morning baseline through 300 

min after baseline and next morning fasted IGF-1 concentration (1440 min). * significant change 

from baseline free IGF-1 concentration 


