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The Impact of Varying Dietary Protein 
on Serum IGF-I, IGFBP-1, and IGFBP-3 

During 6 Days of Physical Activity
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This study was designed to investigate the impact of dietary protein intake on serum 
concentrations of IGF-I and IGFBP-1 and relative amounts of serum IGFBP-3 
during 6 d of physical activity. Ten men (23.8 ± 2.0 y of age) were assigned to 1 
of 3 trials in a random crossover design. Each trial was isocaloric but with vary-
ing amounts of dietary protein: 50 g, 100 g, or 200 g. Subjects expended 500 
kcal through treadmill running or weightlifting on alternate days for 6 d. Fasting 
blood samples were obtained for measurement of IGF-I, IGFBP-1, and IGFBP-3. 
Pre–post 24-h urine was measured for urea nitrogen. 50 g/d of protein resulted in 
a negative nitrogen balance, whereas 100 g/d and 200 g/d resulted in a positive 
nitrogen balance—200 g greater (P < 0.05) than 50 g and 100 g. Baseline IGF-I, 
BP-1, and BP-3 were not different among treatments. IGF-I decreased (P = 0.002) 
during the 6 d. Postintervention IGFBP-I was greater (P = 0.03) than at baseline. 
Postintervention IGFBP-3 values were not different from baseline or between trials. 
A 6-d modification of protein intake, while in energy balance, during a strength 
and conditioning program does not appear to modify serum concentrations of 
IGF-I or IGFBP-1 or relative amounts of IGFBP-3.
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Insulin-like growth factor-I (IGF-I) is a protein hormone that mediates the 
effects of growth hormone and is reported to have numerous anabolic effects on 
skeletal muscles and other tissues (1, 2, 22, 27). Insulin-like growth-factor binding 
proteins (IGFBP) control the activity of IGF-I by regulating the amount of IGF 
available to bind to IGF receptors (23). Because IGF-I is anabolic by nature and 
mediates growth in many tissues, including muscle, it is of interest to the scientific 
community and to the general public to examine these hormones. Therefore, the 
responses of IGF-I and 2 of its 6 known binding proteins, IGFBP-1 and IGFBP-3, 
have received considerable attention in regard to the effect that exercise and nutri-
tion have on them (4, 5, 6, 14).

Endurance and resistance exercise have shown varied affects on serum 
concentrations of IGF-I and IGFBP-3. After their 16-wk training intervention, 
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Manetta et al. (22) reported an increase in serum concentrations of IGF-I (~12%) 
and IGFBP-3 (~20%) in trained cyclists but not in their sedentary counterparts. 
Similarly, Koziris et al. (17) demonstrated increased serum concentrations of total 
IGF-I of as much as 76% and of IGFBP-3 from 30% to 97% in college swimmers 
after 4 mo of endurance training. Likewise, both acute (5) and long-term (6) resis-
tance training have been shown to increase serum IGF-I levels. Bermon et al. (5) 
studied 32 healthy elderly subjects and found a significant increase in serum IGF-I 
immediately (18%) and 6 h (7.5%) after strength training. In addition, Borst et al. 
(6) reported a 20% increase in serum concentrations of IGF-I after 13 and 25 wk 
of resistance training.

In contrast to the aforementioned studies, numerous researchers have been 
unable to show an increase in serum IGF-I and IGFBP-3 with either endurance (10, 
26, 30) or resistance (6, 17, 18, 28, 31) training. These studies, however, varied with 
respect to subject demographics and the protocol used. Moreover, most exercise 
studies relating to IGF-I do not control for energy or macronutrient intake, and 
because energy intake is known to affect IGF-I and IGFBPs, it must be considered 
when discussing this hormone (37).

An adequate nutritional intake of calories and protein appears to be necessary 
to maintain normal serum concentrations or circulating levels of IGF-I and IGFBP 
(37). Research has shown that serum concentrations of IGF-I are diminished after 
fasting (8, 14, 16, 37), and a diet adequate in protein and carbohydrates is needed 
to return IGF-I levels back to prefasting values (14). Recently, we reported that the 
addition of a dietary protein supplement (84 g/d) to a diet already providing 1.0 
g·kg–1·d–1 of protein during a 6-mo strength and conditioning program resulted in 
a significant increase in serum concentrations of IGF-I (4). Although a change in 
energy balance (primarily energy restriction) has a rather sudden effect on the IGF 
system, the effect of changes in protein balance has not been determined.

The purpose of this study was to determine the impact of varying amounts 
of protein intake on serum concentrations of IGF-I and IGFBP-1 and relative 
amounts of IGFBP-3 during 6 d of strictly monitored physical activity in healthy 
college-age men. Accordingly, the central hypothesis of this study was that a low 
protein intake (50 g/d of protein) would result in diminished serum concentrations 
of IGF-I, whereas moderate protein intake (100 g/d of protein) would not alter 
serum concentrations of IGF-I and high protein intake (200 g/d of protein) would 
increase serum concentrations of IGF-I.

Methods

Subjects

A preparticipation health-history questionnaire was used to screen all individuals 
for inclusion in this study. Volunteers consisted of 10 healthy men (21–28 y of 
age) who were physically active (exercised more than 3 d/wk for 45–60 min) and 
free of any liver, kidney, or metabolic disease. All subjects gave written consent 
to participate, and the protocol was approved by the human subjects committee at 
South Dakota State University. Subject data are presented in Table 1.
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Experimental Protocol

Baseline testing included measuring resting energy expenditure, body composi-
tion via air-displacement plethysmography, maximal oxygen uptake (VO

2max
), and 

1-repetition-maximum (1-RM) lifts. All testing was completed in the morning (6:30 
to 9:30 AM) after a 10- to 12-h fast. Subjects abstained from vigorous exercise and 
caffeine and alcohol intake during the 48 h before the initial visit.

Before each trial, study participants consumed an isocaloric diet (based on 
a dietary recall to ensure palatability) and the current daily recommended intake 
for protein (0.8 g·kg–1·d–1) for 3 d while abstaining from any vigorous physical 
activity or planned exercise. After 3 d of an isocaloric nutrient intake and 0.8 g 
protein·kg–1·d–1, subjects were randomly assigned to consume a low-protein diet (50 
g protein per day), moderate-protein diet (100 g protein per day), or high-protein 
diet (200 g protein per day) for 1 wk in a crossover study design. Subjects ran on 
a treadmill at 70% of their VO

2max
 for approximately 30 min, the time needed to 

expend 500 kcal, and lifted weights in a circuit fashion to expend ~500 kcal on 
alternate days for 6 d. Each morning, after a 12-h overnight fast, during the 6-d 
intervention and on the first posttest day (Day 7), subjects reported to the human-
performance laboratory to have blood samples taken from the antecubital vein. 
On the day immediately before starting the trial diet and on the last day of each 
protocol, subjects completed a 24-h urine collection. All trial periods were separated 
by a minimum of 5–7 d.

Trial 1: Subjects consumed 50 g of protein per day for 6 d (50 g) and an iso-
caloric diet (enough calories to account for resting energy expenditure, as 
well as daily activities and the calories expended during exercise).

Trial 2: Subjects consumed 100 g of protein per day for 6 d (100 g) and an 
isocaloric diet.

Trial 3: Subjects consumed 200 g of protein per day for 6 d (200 g) and an 
isocaloric diet.

Table 1  Subject Characteristics, N = 10

Characteristic Mean ± SD
Age (y) 23.8 ± 2.0

Height (cm) 181.7 ± 7.3

Body weight (kg) 87.4 ± 11.0

% Body fat 18.1 ± 8.3

Fat mass (kg) 16.3 ± 9.6

Fat-free mass (kg) 71.4 ± 8.9

VO
2peak

 (mL·kg–1·min–1) 56.3 ± 4.3

Resting metabolic rate (kcal/d) 2076.0 ± 113
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Testing and Training Protocol

Resting energy expenditure was determined using indirect calorimetry (ParvoMed-
ics, TrueOne 2400, Sandy, UT) by the method of Weir (39). Subjects were instructed 
to arrive at the laboratory in the morning after a 10- to 12-h fast and with minimal 
previous activity. They rested for 10 min before beginning the test, and then energy 
expenditure was measured for 20 min.

Estimated energy expenditure for daily activities was determined by an activity 
questionnaire according to method of Ainsworth et al. (3). By adding the resting 
energy expenditure, daily physical activity, and the predetermined caloric cost of 
the exercise conducted in this study (500 kcal), we determined the appropriate 
caloric intake needed for each subject.

Maximal oxygen consumption (VO
2max

) was determined during a graded 
treadmill (Trackmaster, Pensacola, FL) exercise test using a metabolic cart (Parvo-
Medics, TrueOne 2400, Sandy, UT) so that exercise intensity during each training 
day would be established as a percentage of VO

2max
. The test protocol began with a 

3-min warm-up at 4.0 miles/h, 0% grade. This was followed by 2 min each at 5, 6, 
and 7 miles/h, 0% grade. The speed was held constant at 7 miles/h, and the grade 
was increased 2% every 2 min until the subject could no longer keep pace.

Body volume was measured via air-displacement plethysmography (Bod Pod 
Life Measurement Instruments, Concord, CA) using the procedure recommended 
by the manufacturer. Percentage body fat was calculated using the equation of 
Siri (32).

During the study, subjects ran on a treadmill (Trackmaster, Pensacola, FL) 
and weight-trained in the applied physiology laboratory’s weight room for all 3 
trials. All exercise was supervised by a certified strength and conditioning specialist 
(CSCS, National Strength and Conditioning Association). Running intensity corre-
sponded to 70% of subjects’ maximal oxygen consumption. The duration of exercise 
varied for each individual, but it took approximately 30–40 min for participants to 
expend 500 kcal. All individuals were accustomed to the exercise—only those who 
exercised on a treadmill more than 3 d per week for 30–60 min per session were 
recruited. Weight training corresponded to 60% of subjects’ 1-RM, and 3 circuits 
were completed. One circuit was completed in the following order: leg press, 
seated calf raise, bench press, isolateral pull-down, squat, seated shoulder press, 
biceps preacher curl, triceps extension, inclined bench press, lat pull-down, seated 
cable row, and 3 abdominal exercises (1 set of 12–15 repetitions of each exercise; 
Magnum Fitness, South Milwaukee, WI). A pilot study was conducted to determine 
how many sets were required to expend 500 kcal (data not presented).

All individuals were supplied with a detailed dietary plan for each day of the 
3 trials during this study. All diets were analyzed with Food Processor software (v. 
8.1, ESHA Research, Salem OR) and consisted of an isocaloric diet with varying 
amounts of protein intake. Each diet plan provided 50 g of protein per day. Similar 
diet plans were provided during each of the 3 trials, except that additional protein 
for the 100-g/d and 200-g/d trials was provided by Myoplex CarbSense Ready-to-
Drink shakes (EAS, Golden, CO). Each serving of the shake provided 150 kcal, 
3.5 g fat, 5 g carbohydrate, and 25 g protein. Compliance was determined through 
daily contact, specific questioning of the participants by the research staff, and 
collection of daily food logs.
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Serum and Urine Measurements

Blood samples were analyzed for serum concentrations of IGF-I and IGFBP-1 and 
for relative amounts of IGFBP-3. All blood samples were collected in Vacutainer 
collection tubes, allowed to clot, and centrifuged. Serum was aliquotted and 
immediately stored at –40 °C until analysis. Serum concentrations of IGF-I were 
measured in duplicate by radioimmunoassay using the methods of Daughaday et 
al. (9). Recovery of [125I]IGF-I added to human serum before acidified ethanol 
extraction was 89%. The IGF-I interassay coefficient of variation (CV) was 
7.1%, and intra-assay CV was 4.8%. Assay sensitivity was 5.96 pg/tube. Serum 
concentrations of total IGFBP-1 were determined by enzyme-linked immunosorbent 
assay (ELISA; DSL-10-7800, DSL, Inc, Webster, TX). Assay sensitivity was 0.25 
ng/mL, the interassay CV was 6.1%, and the intra-assay CV was 4.3%. Relative 
amounts of serum IGFBP-3 were analyzed by 1-dimensional SDS-PAGE and 
Western ligand blot analysis (13). Relative abundance of the 40- and 44-kDa forms 
of IGFBP-3 was determined by phosphorimagery (Bio Rad, Hercules, CA). Urine 
samples were measured for total volume, and an aliquot was frozen at –40 °C until 
analysis for urinary urea nitrogen by the urease method (21, 29).

Calculations and Statistics

Nitrogen balance was calculated as described by Isley et al. (14). A 2-way 
repeated-measures analysis of variance with time and treatment as factors was 
used to determine the main effect of protein on serum concentrations of IGF-I and 
IGFBP-1, relative abundance of IGFBP-3, urinary urea nitrogen, nitrogen balance, 
and dietary variables. A Tukey post hoc test was used to identify significant differ-
ences when a significant F-ratio was obtained. Significance is reported at P < 0.05, 
and all values are reported as least-square means ± SEM unless noted otherwise 
in tables or figures.

Results

Nutritional Information

During the 3 d before the beginning of the exercise program, subjects were pre-
scribed an isocaloric diet with a daily protein content of 0.8 g·kg–1·d–1 (Table 2). 
Beginning with the first day of exercise, the energy intake of the diet remained 
isocaloric but increased by 500 kcal to account for the increase in energy expendi-
ture for the exercise. Energy intake was not different among trials. Dietary protein 
intake was altered as described previously and was different among the 3 trials 
(Table 2).

Urinary Urea Nitrogen and Nitrogen Balance

Baseline urinary urea-nitrogen concentrations were not different between trials 
(pre: 50 g, 578.7 ± 128.6; 100 g, 581.0 ± 128.6; 200 g, 450.0 ± 128.6 mg/dL; 
Figure 1). A Time × Treatment interaction (P = 0.0004) was found for urinary 
urea nitrogen, with postintervention levels for the 200-g trial being different from 
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Figure 1 — Relationship between protein intake and 24-h urinary urea-nitrogen excretion 
measured before and on Day 6 of the exercise program. Values are least-squares mean ± 
SEM. *P < 0.05 compared with preintervention value of same trial.

Table 2  Nutritional Composition for Subjects Participating in Three 
6-d Exercise Trials to Expend 500 Calories While Consuming an 
Energy-Balanced Diet With Varying Protein Intake

Prediet 50-g Diet 100-g Diet 200-g Diet

Calories, kcal 2304 ± 288 2780 ± 314 2802 ± 291 2825 ± 301

Carbohydrate, g 420 ± 70 544 ± 59a 504 ± 72a 390 ± 61a

  % of kcal 72 ± 6 78 ± 2a 72 ± 6b 55 ± 4c

Fat, g 43 ± 10 50 ± 8a 53 ± 9ab 61 ± 9b

  % of kcal 17 ± 4 7 ± 1 8 ± 1 8 ± 1

Protein, g 73 ± 10 57 ± 3a 105 ± 3b 199 ± 4c

Protein, g/kg 0.8 ± 0.1 0.6 ± 0.1a 1.2 ± 0.16b 2.3 ± 0.3c

  % of kcal 12 ± 1 8 ± 1a 15 ± 2b 28 ± 3c

Data are mean ± SD. Treatments with different superscript letters were significantly different (P < 
0.05) from one another.

the baseline (pre) 200-g value, as well as from postintervention values obtained 
during the 100-g and 50-g trials (post: 50 g, 322.1 ± 72.1; 100 g, 471.9 ± 72.9; 
200 g, 825.9 ± 72.1 mg/dL).

Nitrogen balance was negative at baseline for all trials before the initiation of 
the exercise program and nutritional intervention, despite the subjects’ consuming 
the recommended 0.8 g·kg–1·d–1 of protein (pre: 50 g, –4.3 ± 1.3; 100 g, –6.6 ± 1.3; 
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200 g, -3.3 ± 1.3 g/d; Figure 2). Nitrogen balance remained negative in the 50-g trial 
but significantly increased in the 100-g and 200-g trials (post: 50 g, –3.2 ± 1.3; 100 
g, 1.3 ± 1.3; 200 g, 6.3 ± 1.3 g/d; Time × Treatment P = 0.007). The postinterven-
tion measurement of nitrogen balance for the 200-g trial was significantly greater 
than the postintervention measurements for the 50-g and 100-g trials.

IGF-I System Response

Baseline serum concentrations of IGF-I were not different between treatments (pre: 
50 g, 223.9 ± 16.9; 100 g, 210.4 ± 15.1; 200 g, 214.9 ± 15.9 ng/mL; Figure 3). There 
was a significant effect of time, with serum concentrations of IGF-I decreasing (P 
= 0.002) during the intervention (post: 50 g, 173.7 ± 15.9; 100 g, 185.9 ± 15.1; 
200 g, 178.2 ± 15.9 ng/mL; Figure 3). There was, however, no time-by-treatment 
interaction. The effect of varying protein intake during the exercise did not have 
an effect on serum concentrations of IGF-I.

Serum concentrations of IGFBP-1 were not different among treatments at 
baseline (pre: 50 g, 17.5 ± 2.3; 100 g, 19.9 ± 2.4; 200 g, 18.8 ± 2.4 ng/mL; Figure 
4[A]). The 6-d intervention did result in a significant effect of time (P = 0.03), with 
serum concentrations of IGFBP-1 being greater than baseline samples (post: 50 g, 
24.4 ± 2.3; 100 g, 23.6 ± 2.4; 200 g, 21.8 ± 2.4 ng/mL). There was no difference 
between trials.

Because of the significant decline in serum IGF-I and increase in IGFBP-1 
during the intervention, the ratio of IGF-I to IGFBP-1, an indirect measure of 
IGF-I availability, was analyzed to determine whether the intervention altered the 
availability of free IGF-I. There was, however, no effect of time or treatment on 
this variable.

Figure 2 — Nitrogen balance during the 24 h before the initiation of and on Day 6 of 
the exercise program. Values are least-squares mean ± SEM. *P < 0.05, different from 
preintervention for 100-g and 200-g trials. †P < 0.05, postintervention 200 g compared 
with 100 g and 50 g.
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Relative amounts of serum IGFBP-3 at baseline were not different between 
treatments for the 40-kDa IGFBP-3 isoform (pre: 50 g, 1.03 ± 0.07; 100 g, 0.88 ± 
0.07; 200 g, 0.83 ± 0.07 arbitrary densitometric units [ADU]; Figure 4[B]) or for 
the 44-kDa IGFBP-3 isoform (pre: 50 g, 1.08 ± 0.06; 100 g, 1.08 ± 0.06; 200 g, 
0.95 ± 0.06 ADU; Figure 4[C]). After 6 d of intervention, the relative amounts of 
IGFBP-3 were not different from baseline or between trials for the 40-kDa IGFBP-
3 isoform (post: 50 g, 0.89 ± 0.07; 100 g, 0.86 ± 0.07; 200 g, 0.80 ± 0.07 ADU; 
Figure 4[B]) or for the 44-kDa IGFBP-3 isoform (post: 50 g, 1.08 ± 0.06; 100 g, 
0.97 ± 0.06; 200 g, 0.92 ± 0.06 ADU; Figure 4[C]).

Discussion
An improvement in nitrogen balance has been reported to be associated with an 
increase in serum concentrations of IGF-I (14, 24). It has not been determined, 
however, whether changes in protein balance while in energy balance affect changes 
in IGF-I. For this reason we wanted to investigate the result of short-term alterations 
in protein intake during 6 d of physical activity, both of which would influence 
nitrogen balance and in theory affect the IGF system. The primary finding from 
this investigation was that varying the protein intake between 50 g/d and 200 g/d 
during 6 d of physical activity in trained individuals did not elicit changes in the 
IGF system. Although nitrogen balance was negative during the trial in which the 
subjects consumed only 50 g of protein per day and was positive during the trials 
in which they consumed 100 g and 200 g per day, the change from negative to 
positive nitrogen balance did not appear to affect serum concentrations of IGF-I 
or IGFBP-1 or relative amounts of IGFBP-3. This is in contrast to the results of 

Figure 3 — Serum IGF-I concentrations (ng/mL) during 6 d of a strength and condition-
ing program while subjects consumed protein intakes of 50, 100, or 200 g/d. Values are 
least-squares mean ± SEM.
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Figure 4 — Serum concentrations of IGFBP-1 (A) and relative abundance of IGFBP-3 (40 
kDa and 44 kDa, [B] and [C], respectively) before and after a 6-d strength and condition-
ing program while subjects consumed protein intakes of 50, 100, or 200 g/d. Values are 
least-squares mean ± SEM.
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others who have reported that nitrogen balance was significantly related to serum 
IGF-I concentrations (11, 14, 24, 33). The reason for the discrepancy might be that 
our subjects were receiving adequate energy, whereas the other studies induced a 
negative energy balance through fasting or caloric restriction (11, 14, 24, 33).

IGF-I plays a considerable role in mediating a number of metabolic and 
anabolic processes in the cells (see Jones and Clemmons [15] for a review). The 
action of IGF-I is even more complex, considering that it is regulated by 6 binding 
proteins that either stimulate or inhibit IGF-I action (15, 37).

Both endurance and resistance training increase one’s protein requirements 
(20, 35, 36). In the present study, the 3-d diet before the initiation of the exercise 
intervention did not provide enough protein for the subjects, as evidenced by the 
negative nitrogen balance during baseline (pre) data collection. This negative nitro-
gen balance occurred despite the intake of 0.8 g·kg–1·d–1 of protein and no exercise 
for 48 h. During the 50-g trial, subjects remained in negative nitrogen balance. 
During the 100-g and 200-g trials, however, subjects were in positive nitrogen 
balance during the sixth day (post). Dietary intakes of protein, as used in the pres-
ent study, have been previously shown to result in positive nitrogen balances, in 
agreement with the present findings (35, 36).

Despite the differences in nitrogen balance among the 3 trials, serum concen-
trations of IGF-I and IGFBP-1, as well as relative abundance of IGFBP-3, were 
unaffected by the 3 dietary treatments in the present study. Serum concentrations of 
IGF-I exhibited a similar decline in all 3 trials, ~10%, despite the positive nitrogen 
balance observed in the 100-g and 200-g trials. Smith et al. (34) demonstrated that 
protein restriction (0.66 g·kg–1·d–1) in sedentary adults in an amount similar to our 
50-g trial (0.6 g·kg–1·d–1) also resulted in an ~10% decline in plasma concentra-
tions of IGF-I.

Whereas the 6 d of physical activity used in the present study were enough of 
a stress to affect protein metabolism, the additional protein was unable to influence 
serum concentrations of IGF-I and IGFBP-1 or relative abundance of IGFBP-3. The 
reason for the decline in serum concentrations of IGF-I might be an underestimation 
of the subjects’ energy requirements. Although care was taken to determine the 
energy requirements of daily activities, it is possible that the participants underre-
ported daily activities, leading to a negative energy balance, which has been shown 
to reduce serum concentrations of IGF-I (14, 25, 33, 34).

An alternative explanation for our results is that a combination of protein and 
energy (specifically carbohydrate) must be provided in surplus in order to elicit an 
increase in serum concentrations of IGF-I (37) during exercise training. Research 
from Forbes et al. (12) and Kraemer et al. (18) supports our conjecture. Forbes et 
al. (12) observed an increase in plasma IGF-I concentrations while overfeeding 
subjects 1200 to 1600 kcal/d. Kraemer et al. (18) reported an increase in serum 
concentrations of IGF-I during 3 d of resistance training when subjects consumed 
an additional 1800 kcal and 150 g of protein per day. Our subjects were consuming 
an isocaloric diet, with the increase in dietary protein being offset by a decrease in 
dietary carbohydrate. Thus, the subjects might not have been consuming enough 
carbohydrate to support the elevated protein intake.

Despite the lack of an effect of protein on serum concentrations of IGF-I and 
IGFBP-1, as well as relative abundance of IGFBP-3, during the 6 d of intervention, 
there is concern that protein restriction results in an attenuation of the biological 
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actions of IGF-I (8, 19). Thissen et al. (38) reported that the administration of 
recombinant human IGF-I to protein-restricted rats did not restore growth rates 
in rats despite the normalization of serum concentrations of IGF-I. Bourrin et al. 
(7) concur in reporting the failure of recombinant human IGF-I to restore bone 
formation in protein-restricted rats. Although it is possible that resistance to IGF-I 
occurs during suboptimal protein intake, we are unable to determine whether IGF-I 
resistance occurred in the present study.

In conclusion, the results of the present study indicate that short-term (6-d) 
alterations in protein intake might not affect serum concentrations of IGF-I or 
IGFBP-1 or relative abundance of IGFBP-3. The reasons for this could be insuf-
ficient energy intake to match the increased protein intake or an underreporting of 
daily physical activity by the participants, leading to a negative energy balance.
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