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Abstract. [Purpose] Blood lactate reduction helps in understanding muscle recovery. Although light exercise and 
stretching are known interventions to reduce its concentration, the impact of skeletal muscle mass on blood lactate 
clearance is unknown. This study aimed to determine the relationships between blood lactate reduction and skeletal 
muscle mass following exercise. [Participants and Methods] Healthy non-athletic males performed squat jumps for 
1 minute and 30 seconds. Blood lactate level was measured before and immediately after the exercise and then every 
2 minutes for a period of 20 minutes. The decrease in blood lactate level was estimated as the difference between 
the minimum and maximum values. The rate of decrease was calculated by dividing the decrease in blood lactate 
level by time. Blood lactate level was measured using Lactate ProTM 2, while skeletal muscle mass was assessed us-
ing InBody 430. [Results] There was a significant positive correlation between skeletal muscle mass, the amount of 
blood lactate level reduction, and the rate of reduction of blood lactate level. [Conclusion] Our results demonstrated 
that greater skeletal muscle mass enabled a greater decrease in blood lactate level, suggesting that skeletal muscle 
mass may be involved in the reduction of blood lactate level after a squat jump. Interventions to increase skeletal 
muscle mass may promote more efficient lactate metabolism and muscle fatigue recovery.
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INTRODUCTION

Blood lactate (BLa) has been widely used in the clinical and sports field of physiotherapy as an indicator of muscle fatigue. 
BLa has been considered to be related to the prevention of muscle overload and/or maintenance of exercise performance1, 2), 
and is assumed as an index of recovery from muscle fatigue and performance3, 4). At present, specific factors affecting muscle 
fatigue have not been fully elucidated; however, in isolated muscle models, it has been reported that acidosis, phosphate ions, 
and calcium ions are associated with each other in a complex manner5, 6). Several recent studies show that lactate accumula-
tion is not suggestive of muscle fatigue6), but lactate is generally evaluated as one of the biomarkers for metabolism change 
in cases of muscle fatigue7). Lactate is produced when muscle glycogen is consumed during glycolysis, which is an energy 
supply system8). Lactic acid is an important energy substrate9–11), that is reportedly produced by working muscle cells and 
circulated in the blood, and then metabolized in various tissues such as the brain, heart, liver, and skeletal muscles9, 11). In 
other words, efficient reduction of BLa indicates that the lactate carried to each tissue is metabolized and reused indirectly as 
an energy substrate. BLa is relatively easy to be measured at clinical settings compared to other muscle fatigue-related factors 
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as mentioned above, and is frequently used in various sports such as full squat exercise2) swimming training12) and 30-km 
running13). In recent years, several studies have focused on BLa reduction using various interventions and environmental 
settings3, 14, 15), and demonstrated that active light exercises, massages, and oxygen supplements efficiently reduced BLa after 
performance3, 14, 16). In addition, Monedero & Donne reported that the higher the BLa reduction rate due to the intervention, 
the better the maintenance of performance3). However, few studies have investigated the relationships between individual 
biological factors and BLa reduction. Skeletal muscles have the ability to metabolize BLa as well as the ability to contract for 
physical exercise, and are often the target of therapeutic intervention in physical therapy. Lactate metabolism in the skeletal 
muscles occurs in the mitochondria17). Hambrecht et al. demonstrated that walking training for 6 months in patients with 
chronic heart failure increased mitochondrial activity by 41%, which was closely associated with improved aerobic capacity 
(r=0.66)18). Mitochondria in the skeletal muscles have an increased level of dehydrogenase activity, for which lactate19) is 
used; this may promote the decrease in BLa levels. An individual with a large amount of skeletal muscle can be regarded 
as having a large amount of lactate-metabolizing tissue; thus, it can be hypothesized that a higher decrease in BLa may be 
observed with a greater amount of skeletal muscle mass. In this study, we performed a squat jump (SJ) exercise on healthy 
non-athletic males and measured BLa before and after SJ. SJ is used not only for the evaluation of sports performance20), but 
also for athlete training21) and assessment of anterior cruciate ligament injury22). We adopted SJ as an exercise task because 
it is not complex, and the load is sufficient even for healthy adults20, 21). The purpose of this study was to investigate whether 
BLa reduction increases as the amount of skeletal muscle increases.

PARTICIPANTS AND METHODS

A total of 15 healthy non-athletic males were included in this study (Table 1). Their consent for participation in this study 
was taken through written and oral explanations. Each participant performed SJ for 1 minute and 30 seconds at a pitch of 
46 beats per minute. SJ was defined in this study as follows: For squatting, the legs were opened up till the shoulder width, 
the knees were bent at 90°, and the trunk and lower legs were set in parallel. For jumping, the participants were instructed to 
jump upwards as high as possible while swinging their upper limbs upwards. In order to draw out maximum effort from each 
participant, the examiner did not inform the participants of the exercise time in advance and instructed them to continue SJ 
until the examiner’s signal. BLa was measured before exercise (pre), immediately after exercise (post), and then at 2-minute 
intervals until 20 minutes later (2, 4, 6, 8, 10, 12, 14, 16, 18, 20), from the fingertips of the dominant hand using a simplified 
device, Lactate ProTM 223) (ARKRAY, Inc., Kyoto, Japan). After the examiner disinfected the blood collection site and dried 
it sufficiently, the examinee performed a puncture using a medical puncturing device (Naturalette Petit, ARKRAY, Inc.). A 
small amount of blood was collected, and the Lactate ProTM 2 sensor (ARKRAY, Inc.) was directly attached to the blood to 
measure the lactate concentration. Heart rate (HR) and Borg scale were recorded at the same time as BLa measurement. HR 
was measured with Polar M200 (polar Electro Japan, Tokyo, Japan). InBody430 (Inbody Japan, Tokyo, Japan) was used for 
skeletal muscle mass measurements. For data analyses, the amount of BLa reduction was calculated by subtracting the mini-
mum value of BLa from its maximum value. The amount of decrease in BLa depends on its peak value, which is influenced 
by the physical characteristics of each participant. The BLa reduction rate was determined by dividing the amount of BLa 
reduction by time. The reason for using the rate of decrease in addition to the amount of decrease in BLa was to evaluate the 
metabolic rate per minute since the peak value of BLa varied among participants. Skeletal muscle mass index (SMI) was 
calculated by dividing the total muscle mass of the extremities by square of the height (m). The normality test was performed 
using the Shapiro-Wilk test. To examine the exercise load, repeated-measures analysis of variance or the Friedman test was 
performed using mean values to compare the pre values of BLa, HR, and the Borg scale with the post values and those taken at 
each measurement point. The relationships among BLa, skeletal muscle mass, and SMI were examined by Pearson’s product 
moment correlation coefficient or Spearman’s rank correlation coefficient. The significance threshold was set at p<0.05. All 
statistical analyses were performed with EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan), 
a graphical user interface for R software (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, EZR 
is a modified version of R commander designed to add statistical functions frequently used in biostatistics24). Sample size 
calculation was performed using G*Power25) based on the data from a prior study, and the calculated minimum requirement 
was 11. Effect size, statistical power, and p-value were set at 0.70, 0.80, and 0.05, respectively, by conducting a pilot study. 
All authors performed in accordance with the ethical standards of the Helsinki Declaration and the participants signed an 
informed consent form. This study was approved by the Medical Ethics Committee (approval no. 4520).

Table 1.  Characteristics of the participants (n=15)

Age 
(years)

Height 
(cm)

Body weight 
(kg)

Skeletal muscle mass 
(kg)

SMI 
(kg/m2)

Mean (SD) 21.5 (1.41) 172.3 (5.59) 61.1 (6.73) 29.7 (2.86) 7.57 (0.42)
SD: standard deviation; SMI: skeletal muscle mass index.
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RESULTS

None of the participants opted out of the study, and data from all 15 participants were used for the analysis. The mean 
values of BLa, HR and Borg scale for each measurement time (pre, post, 2, …. 20) are shown in Table 2. In the results of the 
Shapiro-Wilk test, BLa showed no normality at 10 and 12 minutes (p<0.05) and HR showed normality at all times (p>0.05). 
The Borg scale displayed no normality only for the post value (p<0.05). BLa levels were significantly increased at each time 
point as compared with the pre value (p<0.05). Similarly, the HR at each measurement was significantly higher than the pre 
value (p<0.01), and the Borg scale was significantly higher for up to 12 minutes than the pre value (p<0.05). The mean ± 
standard deviation values for the amount of BLa reduction (mmol/l), BLa reduction rate (mmol/l/min), skeletal muscle mass 
(kg), and SMI (kg/m2) of the participants were 6.47 ± 1.36, 0.54 ± 0.32, 29.7 ± 2.86 and 7.57 ± 0.42, respectively. The nor-
mality of the BLa reduction (p>0.05), BLa reduction rate (p<0.05), skeletal muscle mass (p>0.05), and SMI (p>0.05) were 
also determined using the Shapiro-Wilk test. The relationships between the amount of decrease in BLa, the rate of decrease 
in BLa, skeletal muscle mass and SMI are shown in Table 3. There was a significant positive correlation between decrease in 
BLa and skeletal muscle mass (r=0.71, p<0.01, R2=0.50). There was also a significant positive correlation between the rate 
of decrease in BLa and skeletal muscle mass (ρ=0.63, p<0.05, R2=0.40). The relationships between the amount of decrease 
in BLa, the rate of decrease in BLa, and SMI are shown in Table 3. A significant positive correlation was found between the 
decrease in BLa and SMI (r=0.71, p<0.01, R2=0.50) and the rate of decrease in BLa and SMI (ρ=0.59, p<0.05, R2=0.35), 
respectively.

DISCUSSION

This study aimed to investigate the relationships between skeletal muscle mass and BLa reduction. Compared with the 
pre-measurement, BLa, HR and Borg scale increased significantly after SJ. It was inferred from the HR and the Borg scale 
that the SJ provided a sufficient load for a muscle fatigue task. Petrovsky recorded surface electromyography (EMG) from the 
quadriceps muscle during the bicycle ergometer. Compared with 20% and 40% of the maximal oxygen uptake (VO2max), it 
was reported that muscle fatigue accompanied by an increase in EMG amplitude and a decrease in frequency was observed 

Table 2.  BLa and HR values measured at each time points (n=15)

Mean ± SD
BLa (mmol/l) HR (beats/min) Borg scale vs. prea (BLa) vs. preb (HR) vs. prea (Borg scale)

Pre 1.51 ± 0.25 72.8 ± 8.78 6.00 - - -
Post 6.23 ± 2.02 129.6 ± 14.2 16.6 ± 1.66 ** ** *
2 11.94 ± 2.11 115.2 ± 15.3 13.7 ± 1.67 ** ** *
4 12.05 ± 2.05 108.9 ± 11.2 12.3 ± 1.62 ** ** *
6 11.55 ± 1.98 104.9 ± 10.4 11.5 ± 1.59 ** ** *
8 11.20 ± 1.82 103.3 ± 10.3 10.5 ± 1.59 ** ** *
10 10.25 ± 2.21 101.7 ± 11.8 9.87 ± 1.89 * ** *
12 9.93 ± 2.18 100.2 ± 8.21 9.20 ± 1.60 * ** *
14 8.92 ± 2.08 98.5 ± 9.81 8.73 ± 1.69 ** ** ns
16 8.61 ± 1.88 97.6 ± 9.87 8.00 ± 1.63 * ** ns
18 7.62 ± 1.63 97.1 ± 9.50 7.67 ± 1.49 ** ** ns
20 7.39 ± 1.87 96.7 ± 8.50 7.20 ± 1.38 * ** ns
a Friedman test, b Repeated measure analysis of variance, *p<0.05, **p<0.01.
ns: not significant; SD: standard deviation; BLa: blood lactate; HR: heart rate.

Table 3.  Correlations between BLa decrease and skeletal muscle mass, SMI (n=15)

Correlation (r) Coefficient of determination (R2)
BLa reduction 

(mmol/l)
BLa reduction rate 

(mmol/l/min)
BLa reduction 

(mmol/l)
BLa reduction rate 

(mmol/l/min)
Skeletal muscle mass 0.71a** 0.63b* 0.50* 0.40*
SMI 0.71a** 0.59b* 0.50* 0.35*
a Pearson’s product moment correlation coefficient, b Spearman’s rank correlation coefficient, *p<0.05, **p<0.01.
BLa: blood lactate; SMI: skeletal muscle mass index.
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when exercise intensity exceeded 60% VO2max26). %VO2max is expressed as relative exercise intensity, and exercise inten-
sity is sometimes defined from HRmax27). The mean value of HR immediately after SJ, 129.6 (beats/min), in this study was 
calculated as a percentage of HRmax based on the formula reported by Tanaka et al.28) and converted to exercise intensity, 
which was 67% VO2max. In addition, the mean value of the Borg scale immediately after SJ was 16.6, which was calculated 
to be 71% VO2max from the conversion table for %VO2max, based on the Borg scale29). These were higher than the 60% 
VO2max reportedly causing muscle fatigue; therefore, SJ provided a sufficient load to cause muscle fatigue. We checked the 
relationships between BLa decrease, BLa decrease rate, skeletal muscle mass, and SMI. Our results showed a significant 
positive correlation between BLa reduction and skeletal muscle mass. Furthermore, since the BLa reduction rate also had a 
positive correlation with skeletal muscle mass, it may be possible to metabolize more lactate in a short time as the skeletal 
mass increases. Moreover, the decrease in BLa and the rate of decrease in BLa showed a significant positive correlation with 
SMI. This indicates that greater the skeletal muscle mass, better is the BLa clearance when compared at the same height. The 
limitation of our study was that we did not examine muscle fatigue using the change in physical performance. The SJ required 
a large amount of load; thus, it was necessary to consider its burden on the participants. In addition to HR and the Borg scale, 
performance tests such as vertical jumps are also important to confirm that the muscles are fatigued.

In conclusion, our results demonstrated that increased skeletal muscle mass was associated with a greater decrease in BLa 
after a high-intensity, short-term SJ task.
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