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INTRODUCTION 

A warm-up is practiced for explosive muscle contractions and strenu-

ous joint movements during main exercises. Among those in the field, 

either jogging or running is a most common form of warm-up activity. 

Jogging and running are differentiated from walking as they include a 

flight phase [1]. Jogging and running can be further distinguished by the 

vertical ground reaction force traces: the peak values are observed at 

midstance during running while it is not during jogging [2]. In the field, 

however, this type of kinetic distinction between jogging and running is 

unattainable. Therefore, the pace (e.g., the speed at which an individual 

moves) is a typical determinative factor. Previously, the threshold of jog-

ging speed was reported as 9 km/h [3] or 10 km/h [4]. There are pros 

and cons of each warm-up mode. Jogging requires a low energy expen-

diture relative to running [5]; thus, each mode utilises different energy 

systems when completed within the same duration. For example, an in-

dividual who jogs could maintain the oxidative energy system when 

performing at a constant speed, but an individual who runs could prob-
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PURPOSE: To report the magnitude of changes in heart rate, muscle temperature, blood lactate concentration, blood pressure, and 
fatigue perception after treadmill jogging and running. 

METHODS: Eleven healthy male adults (174±7 cm, 72±10 kg) visited the laboratory twice. After a 10-minute rest each visit, subjects 
performed a treadmill jog (maintaining a speed of 9 km/h at a 1% incline) or a treadmill run (initially 5 km/h at a 1% incline, belt 
speed, and incline increased by 1 km/h and 0.5% every minute; average speed of 9 km/h). Heart rate and muscle (gastrocnemius) tem-
perature were recorded before, during, and after the treadmill jog/run. Blood lactate concentration, blood pressure, and fatigue percep-
tion were assessed before and after. The effect of the condition over time was analysed using parametric or nonparametric tests (p≤.05) 
with Cohen’s d effect sizes.

RESULTS: There was a condition effect over time in heart rate (F1,30 =22.16, p<.0001), blood lactate concentration (χ2 =34.88, df=3, 
p<.0001), systolic blood pressure (F1,30 =4.18, p=.05), and fatigue perception (F1,30 =10.24, p=.003). Specifically, subjects who ran 
showed a higher heart rate (187 vs. 158 bpm, p<.0001, d=2.11), blood lactate concentration (11.4 vs. 3.8 mmol/L, p<.0001, d=3.39), 
systolic blood pressure (164 vs. 147 mmHg, p=.006, d=1.34), and fatigue perception (2.7 vs. 5.0 cm, p=.0005, d=1.46) than those 
who jogged. There was a time effect (F1,30 =94.84, p<.0001) on muscle temperature, with a 1.5°C increase in muscle temperature after 
jogging/running (p<.0001, d=1.88).

CONCLUSIONS: While treadmill jogging and running induced a similar temperature increase in the gastrocnemius, running resulted in 
higher heart rate, blood lactate concentration, systolic blood pressure, and fatigue perception. These results can be used as a basis for 
planning warm-up protocols.
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ably be on the glycolytic energy system. Due to a higher intensity, run-

ning is thought to be more efficient to raise the core and muscle temper-

ature relative to jogging, but early energy exhaustion could occur, which 

will be an obvious disadvantage for overtime. 

It is important to know cardiovascular response, muscle temperature, 

and physiological and psychological fatigue when planning and deter-

mining the parameters of warm-up methods (e.g., mode, duration, and 

intensity). Up to date, there have been numerous studies [6-10] reporting 

the changes following various warming-up on aforementioned out-

comes. Although the data from these studies are valuable, the body’s 

immediate responses following the most popular modes of warm-up, 

jogging and running, are not fully understood. A recent systematic re-

view suggested that a period of 10-minute warm-up appears to be effec-

tive in maximising best athletic performance [11]. A direct comparison 

between a 10-minute jogging and running would help us to characterise 

each mode of warm-up in terms of cardiovascular response, muscle 

temperature, and physiological and psychological fatigue. Strength and 

conditioning personnel would benefit from knowing the status or level 

of an individual who performs jogging or running. Athletes would fur-

ther benefit from having options when choosing their best warm-up 

strategy. Therefore, we were interested in quantifying the magnitude of 

changes in heart rate, the gastrocnemius temperature, blood lactate con-

centration, blood pressure, and fatigue perception following treadmill 

jogging or running. While we expected that subjects with the running 

condition would show higher values in each dependent measurement 

than those with jogging. Due to the intensity, individuals who perform 

similar exercise as warm-up would benefit from referencing the results 

when intervening warm-up activities at the similar duration and intensi-

ties. 

METHODS

1. Design Overview and Experimental Approach 

A repeated-measures design was used in which heart rate, muscle 

temperature, blood lactate concentration, blood pressure, and fatigue 

perception were recorded during two separate sessions at least two-

weeks apart. Subjects were asked to keep their habitual diet and fast 

within three hours prior to visiting the laboratory. As mentioned in the 

introduction, the speed of jogging was defined as < 9 km/h [3] or 10 km/

h [4]. The study concerning about the peak vertical ground reaction 

force to define jogging reported a speed of 7.2 km/h [2]. This suggests 

that 7.3 km/h could be considered as running. After conducting a pilot 

study on a treadmill for jogging speeds, we decided that a belt speed of 

7.3 km/h was too slow to be a running speed. Similarly, a speed of 10 

km/h was too fast for our subjects to complete the 10-minute run. 

Therefore, we selected a belt speed of 9 km/h for the jogging condition. 

In each session, subjects performed a 10-minute treadmill jog (a constant 

belt speed at km/h at a 1% incline) or run (starting at 5 km/h at a 1% in-

cline, then a belt speed of 1 km/h and an incline of 0.5% were increased 

every minute). The order of exercise protocols was not randomised: all 

subjects performed treadmill jogging first followed by treadmill run-

ning. Mean ambient temperature and relative humidity (standard devia-

tion) in the laboratory were 23.1 (0.6)°C and 43.5 (6.8)% for jogging and 

22.8 (0.7)°C and 71.3 (4.4)% for running, respectively.

2. Subjects 

Recreationally active, healthy adults who self-reported exercising at 

least three times per week for at least 30-minute each time were recruited 

through convenient sampling. Subjects had to be free of any musculo-

skeletal condition within the last six months, or any cardiovascular or 

neurological condition in their lives. Eleven individuals (22 ± 2 years, 174

±7 cm, 72 ±10 kg) volunteered for this study. The testing procedures of 

this study were approved by the institutional review board, and each 

subject gave written informed consent prior to participation.

The number of subjects were determined by our pilot work. When 

expecting the difference of 25 bpm (with a standard deviation of 23) in a 

comparison of post-exercise heart rate, a minimum number of subjects 

to statistically differentiate the treadmill jog and run (with an alpha of 

0.05 and a beta of 0.2) was estimated as nine.  

3. Testing Procedures 

On arrival to the laboratory, subjects laid in a prone position on a 

treatment table and rested for 10-minute to achieve stability of the auto-

nomic nervous system [7] and to attach the heart rate monitor and tem-

perature probe. While in this position, a heart rate monitor (sampled at 

60 Hz; Polar Beat, Polar Electro Inc., New York, USA) was applied to the 

chest. The subjects’ sex, height, and weight were entered on the applica-

tion (Polar H10, Polar Electro Inc., New York, USA), which was wireless-

ly connected into the monitor, recoding the heart rate values. A thermis-

tor probe (sampled at 60 Hz), connected to a digital logger thermometer 

(N543, NT logger, NKTC, Tokyo, Japan), was attached to the proximal 

1/3 of the medial gastrocnemius on the left limb. Specifically, the therm-
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istor probe was covered by a passive insulation disk (wetsuit material 

neoprene rubber, size of a 2.5 cm diameter with a 3-mm thick) [12], then 

secured with a film dressing (Tegaderm film, 3M, St. Paul, USA). This 

technique [13] allowed us to noninvasively estimate tissue temperature. 

The chest strap and the thermistor probe remained in place for the re-

minder of the 10-minute rest period. 

At the completion of the rest period, the values in heart rate and gas-

trocnemius temperature were recorded as the pre-measurements. After-

wards, subjects were asked to sit on a chair to obtain pre-measurement 

values for the rest of the dependent measurements. To assess blood lac-

tate concentration, the subjects’ fingertips were poked by a lancet needle 

(26G, Moa Lab, Seoul, Korea), then an amount of 0.7 μL was sampled on 

the test strip (Lactate Test Strips, Nova Biomedical, Waltham, USA). The 

sampled strip was inserted into the blood lactate concentration analyser 

(Lactate Plus, Nova Biomedical, Waltham, USA). The value of blood lac-

tate concentration on the monitor of the analyser was recorded [14]. Fa-

tigue perception was recorded using a 10-cm visual analogue scale (VAS) 

[9]. The terms “non-fatigued” and “fully fatigued” were written at each 

end of the scale. Subjects were asked to mark a vertical line on the scale 

to quantify the current level of fatigue. Blood pressure was measured us-

ing an electric automated blood pressure monitor (HEM-7121, Omron 

Healthcare, Kyoto, Japan) [15]. While subjects sat on a chair with the left 

arm resting on the treatment table, an inflatable pressure-cuff (22 cm ×

32 cm) was wrapped around the brachial artery of the left arm and gen-

tly tightened using the Velcro on the pressure-cuff. After pressing the 

start button, the pressure-cuff was automatically inflated and slowly de-

flated, the values of the systolic and diastolic blood pressure on the mon-

itor were recorded. 

Subjects then performed either treadmill jogging or running (see 1. 

Design overview and experimental approach) at each session. After jog-

ging or running, post-measurements were obtained in the same manner 

as the pre-measurements.

4. Statistical Analysis 

Normal distribution on the baseline at each condition was tested us-

ing the Shapiro-Wilk test. If the data were normally distributed, the 

equality of variance between conditions was then checked using a F-test. 

If the data showed equal variance, parametric tests were performed. A 

mixed model (random variable: subject; fixed variables: condition and 

time) analysis of variance and Tukey-Kramer comparisons as post-hoc 

tests were conducted. If the baseline data were not normally distributed 

or the variances were not equal, nonparametric tests (Kruskal-Wallis and 

Dunn multiple comparisons as post-hoc tests) were performed. The sta-

tistical package R (version 4.0.5. R development core team) was used for 

all tests (p≤ 0.05 for all tests). To determine practical significance, Co-

hen’s d effect sizes (ES =[X1-X2]/σpooled) [16] were also calculated. 

RESULTS 

Baseline data of all dependent variables were normally distributed, 

and showed equal variance, except blood lactate concentration (F = 8.69, 

p< .0001, Table 1). Therefore, blood lactate concentration was analysed 

using nonparametric tests.

1. Heart Rate 

There was a condition effect over time in heart rate (condition × time: 

F1,30 =22.16, p< .0001, condition: F1,30 =23.00, p< .0001; time: F1,30 =  

1,107.30, p< .0001: Fig. 1A). Specifically, heart rate was increased after ei-

ther condition (jog: p< .0001, d = 6.65; run: p< .0001, d =15.75). At post-

measurements, subjects who ran showed 19% higher heart rate (187 

bpm) than those who jogged (158 bpm, p< .0001, d =2.11).

2. Muscle Temperature

There was no condition effect over time in the gastrocnemius temper-

ature (condition × time: F1,30 = 0.37, p=.55, condition: F1,30 =2.02, p=.17: 

Fig. 1B). Regardless of condition (time: F1,30 = 94.84, p< .0001), there was 

a 1.5°C of gastrocnemius temperature increase at post-measurements 

(p< .0001, d =1.88).

 

3. Blood Lactate Concentration

There was a condition effect over time in blood lactate concentration 

χ2 =34.88, df=3, p< .0001: Table 1). Specifically, blood lactate concentra-

tion increased after jogging (p=.02, d =1.63) and running (p< .0001, d =  

3.39). However, the amount of increase in running (11.4 mmol/L) was 

much higher than jogging (3.8 mmol/L, p=.04, d = 4.29).

 

4. Blood Pressure

There was a condition effect over time in systolic blood pressure (con-

dition × time: F1,30 = 4.18, p=.05; condition: F1,30 = 9.15, p=.005; time: 

F1,30 = 60.31, p< .0001: Table 1) in that the systolic blood pressure in-

creased after the jogging (p=.02, d =1.70) and running (p< .0001, d =  

2.94). Additionally, a greater systolic blood pressure was recorded after 
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running (131 to 164 mmHg) as compared with the jogging condition 

(128 to 147 mmHg, p=.006, d =1.34). 

There was no condition effect over time in diastolic blood pressure 

(condition × time: F1,30 = 0.42, p=.52; condition: F1,30 = 0.60, p=.45). Re-

gardless of condition (time: F1,30 =10.41, p=.003), the diastolic blood 

pressure increased at post-measurements (p=.003, d = 0.03). 

5. Fatigue Perception

There was a condition effect over time in fatigue perception (condition

× time: F1,30 =10.24, p=.003, condition: F1,30 =21.56, p< .0001; time: F1,30 =  

10.24, p=.003: Table 1). There was no jogging induced fatigue (2.7 in 

VAS for both pre- and post-measurements). However, subjects with the 

running condition felt 83% greater fatigue perception at post-measure-

ments (3.1 to 5.0 in VAS, p=.0005, d =1.46).

DISCUSSION 

The purpose of this study was to compare the body’s immediate re-

sponses after a treadmill jog and run, and to compare the magnitude in 

changes. Our hypotheses were mostly accepted in that the running con-

dition resulted in higher values in heart rate, blood lactate concentration, 

blood pressure, and fatigue perception. These results support the general 

idea that the intensity of a warm-up protocol is linearly related to physi-

ological and psychological demands. Although they are not a suggestion 

of a new idea, our data provide the extent of changes in physiological 

(blood lactate concentration and blood pressure) and psychological (fa-

tigue perception) factors after a short bout of jogging or running. 

Changes in heart rate or lower-leg muscle temperature recorded in min-

utes also show our body’s immediate response during each exercise. 

Table 1. Changes in heart rate, gastocnemius temperature, blood lactate concentration, blood pressure, and fatigue perception before and after the tread-
mill jogging and running

Jog Run Statistical Results

Heart rate (bpm)
Pre-measurement 68.9 (6.3) 69.2 (6.0) W=0.97, p=.87; W=0.96, p=.75;
Post-measurement 157.7 (17.8)a 187.3 (8.7)b,c F=1.66, p=.26; 

F1,30 =22.2, p<.0001

Gastrocnemius temperature (°C)
Pre-measurement 33.0 (0.7) 32.9 (0.7) W=0.94, p=.51; W=0.96, p=.80;
Post-measurement 34.7 (0.4) 34.4 (0.9) F=1.16, p=.75;

F1,30 =0.37, p=.55

Blood lactate concentration (mmol/L)
Pre-measurement 1.4 (0.4) 1.3 (0.3) W=0.95, p=.61; W=0.95, p=.70;
Post-measurement 3.8 (2.0)a 11.4 (2.5)b,c F=8.69, p<.0001;

χ2 =34.9, df=3, p<.0001

Systolic blood pressure (mmHg)
Pre-measurement 127.5 (9.3) 130.8 (9.9) W=0.97, p=.85; W=0.91, p=.27;
Post-measurement 146.6 (13.0)a 163.5 (12.2)b,c F=1.84, p=.20;

F1,30 =4.18, p=.05

Diastolic blood pressure (mmHg)
Pre-measurement 77.5 (7.6) 74.5 (9.4) W=0.96, p=.83; W=0.97, p=.88;
Post-measurement 82.9 (10.1) 82.6 (6.6) F=0.95, p=.91;

F1,30 =0.42, p=.52

Fatigue perception (cm)
Pre-measurement 2.7 (1.7) 3.1 (1.5) W=0.90, p=.15; W=0.88, p=.09;
Post-measurement 2.7 (1.3) 5.0 (1.7)b,c F=1.55, p=.32;

F1,30 =10.24, p=.003

Data are mean (standard deviation). The W and p-values in the top rows are the results of Shapiro-Wilk tests (baseline of the jogging and running, respec-
tively). The F- and p-values in the middle rows are the results of F-test for the equality of variance between conditions. The statistics in the bottom rows are 
the results of parametric (analysis of variance) or nonparametric tests (Kruskal-Wallis: blood lactate concentration).   
aDifferent from jog at pre-measurement (p<.05),    
bDifferent from run at pre-measurement (p<.05),   
cDifferent from jog at post-measurement (p<.05).   
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These practical implications could be applied when planning and imple-

menting warm-up protocols prior to exercise training or cardiovascular 

exercise for rehabilitation.

Cardiovascular activity responds to the demands placed on exercise, 

which is regulated by the autonomic nervous system [17]. Specifically, 

the heart rate increase during exercise is determined by the facilitation of 

sympathetic activity and the inhibition of parasympathetic activity [18]. 

At the post-measurement, our subjects showed a higher heart rate when 

running (187 bpm), as compared with jogging (158 bpm). For the run-

ning condition, heart rate was increased linearly with the intensity 

(treadmill belt speed and incline). Subjects with the jogging condition 

exercised at a constant intensity (a belt speed of km/h at an incline of 1%). 

While the heart rate at the end of the jog was recorded as 158 bpm, more 

than 90% of it was achieved within the first 2-minute of jogging (Fig. 

1A). The rapid increase at the initial stage of jogging (first 2- or 3-min-

ute) is thought to be from the physical demands for the exercise intensity. 

Although the level of blood lactate concentration and fatigue perception 

were different, the average values during jogging and running were 143 

vs. 141 bpm, respectively. Based on those, we assume that subjects for 

both conditions spent a similar amount of energy. Since energy expendi-

ture to complete a warm-up activity influences later tasks in athletic per-

formance [19], future study should attempt to compare energy expendi-

ture on both warm-up activities. 

Regarding the amount of increased gastrocnemius temperature, there 

was a similar amount of temperature increase after the two conditions 

(jog: 1.7°C; run: 1.5°C). Since a rise in muscle temperature could facilitate 

the contractile function (e.g., force/velocity relationship) [20], our 

10-minute warm-up protocols, either jogging, or running, are consid-

ered as effective in terms of thermal effects. A recent study [9] reported 

an increase of quadriceps muscle temperature of 1.5 and 2.2°C after the 

high (80% VO2max) and moderate (60% VO2max) intensity of treadmill 

run, respectively. In this study [9], the difference of 0.7°C resulted in a 1 

cm difference in vertical jump height. A review paper [21] also suggested 

that a difference in muscle temperature of 1°C could result in the varia-

tion of athletic performance by up to 5%. Assuming the other contribut-

ing factors are similar (e.g., environmental condition), our exercise con-

ditions would produce a similar level of warm-up effects. We used the 

insulation disk technique to record muscle temperature, which measures 

Fig. 1. Changes in heart rate (A) and gastrocnemius temperature (B) during the treadmill jogging and running. Data are mean (standard deviation).
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at depth of 2.2 cm from the skin surface of the gastrocnemius [22]. This 

suggests that muscle temperatures at deeper tissues were probably higher 

than 1.5°C after jogging or running. With that being said, we assume 

that temperature in the quadriceps muscle was also higher than 1.5°C 

since it has bigger muscle mass and greater blood flow [23,24]. Although 

our jogging and running protocol produced similar thermal effects, the 

advantages related to non-thermal effects (also known as precondition-

ing the muscles) [25] such as postactivation potentiation [26], spinal-re-

flex excitability [10], and twitch contraction [27] on each warm-up con-

dition could be different. 

Change in blood lactate concentration is considered as description of 

the fatigue process, especially in muscle metabolism [28]. The blood 

concentration value after running (11.4 mmol/L) was 67% higher than 

jogging (3.8 mmol/L). Although not measured, this difference could 

have been attributed to different energy systems for each condition (e.g., 

jog: aerobic; run: glycolytic). This is indirectly supported by the changing 

pattern in other data since the level of heart rate (16%), systolic blood 

pressure (10%), and fatigue perception (46%) were also higher in subjects 

with the treadmill run. While a value of the blood lactate concentration 

>10 mmol/L is considered as the status of severe lactic acidosis [29], our 

running protocol should be considered as a high intensity exercise. Our 

blood lactate concentration value after running (11.4 mmol/L) could be 

compared to previous data (11.6 mmol/L) after two maximal 200 m 

freestyle swimming trials [6]. It has been suggested that a variation of 0.7 

mmol/L could be considered measurement error at the level of 10 mmol/L 

when using a portable lactate analyser [30]. Since our value (11.4 mmol/L) 

exceeds the threshold (10 mmol/L), coaches and athletes should be aware 

of it when interpretating our results.

As expected, the systolic blood pressure increased in both conditions 

(jog: 147 mmHg; run: 164 mmHg) while the diastolic blood pressure did 

not change over time. Due to differences in the exercise intensity, sub-

jects with the running condition probably needed more oxygen delivery 

to their working muscles (e.g., lower-extremity). This put an additional 

demand on the cardiovascular system, which increased the systolic 

blood pressure and heart rate in our results. While the systolic blood 

pressure could go up to 190 mmHg (females) or 210 mmHg (males) 

when exercising at a high intensity [31,32], our value after running (164 

mmHg) also indirectly indicates the exercise intensity in our running 

protocol. It should be noted that the time between the treadmill run and 

the blood pressure assessment took approximately 4-minute. Since car-

diovascular function (heart rate and blood pressure) is rapidly adapting 

[33], we assume that the actual systolic blood pressure was higher than 

what we observed. Recorded blood pressures at the pre-measurements 

were higher than what are considered normal (systolic: <120 mmHg; 

diastolic: <80 mmHg) [34]. Since having the rest period (>10-minute) 

for cardiovascular stability prior to the treadmill jog or run, influence of 

the fingerstick on the autonomic nervous system could be a good candi-

date to explain why our subjects showed higher blood pressure values. 

We acknowledge that this is a methodological weakness; thus, in future 

studies, researchers should be aware of this effect on the measurement 

order.

Our study has limitations that should be noted when applying the re-

sults. First, our interventions, treadmill jogging and running, were not 

randomised: all subjects performed jogging first followed by running. A 

study design with prospective randomisation is considered as gold stan-

dard for examining cause-and-effect relationships. Randomisation is 

particularly important for providing the intervention effects (e.g., benefit 

or harm) [35]. Our study purpose was to observe the responses, not to 

determine the superiority between jogging and running. Additionally, 

two-weeks was sufficient for potential learning effect from the first ex-

periment while many sports science studies [36,37] with a crossover de-

sign had a washout period of a week. Therefore, we believe that the re-

sults were minimally affected by the order effects. We also acknowledge 

that not all subjects (n =5) visited the laboratory at the same time of the 

day due to scheduling conflicts. Our subjects were recreationally active, 

healthy male college students. Untrained or well-trained individuals at 

different ages may respond differently. Care should be taken when refer-

encing our data to pathological populations such as hypertension or dia-

betes. Recorded mean relative humidities in the laboratory during the 

data collection sessions were different (jog: 44%; run: 71%). Since a short 

bout of exercise at a high-intensity level is not compromised by the rela-

tive humidity [38], it is unlikely that the outcomes were affected by the 

differences. 

CONCLUSION 

We compared physiological and psychological responses following 

10-minute treadmill jogging and running. Subjects who ran showed 

higher values in heart rate (187 vs. 158 bpm), blood lactate concentration 

(11.4 vs. 3.8 mmol/L), systolic blood pressure (164 vs. 147 mmHg), and 

fatigue perception (5.0 vs. 2.7 cm) compared with those who jogged. The 

temperature increases in the gastrocnemius muscle in both conditions 
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were similar (jog: 1.7°C; run: 1.5°C). Our data could be used as basis for 

planning and implementing warm-up protocols for recreationally active 

young adults. 
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