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Abstract 
To explore the effects of 8-week polarized training (POL), high-
intensity interval training (HIIT), and threshold training (THR) 
interventions on the cardiorespiratory fitness (CRF) of untrained 
healthy young adults. This study recruited 36 young adults and 
randomly assigned them to POL, HIIT, THR, or control (CG) 
groups to undergo an 8-week training intervention. The training 
impulse applied to all three intervention groups was identical. The 
training intensity was divided into Zone 1, 2, and 3 (Z1, Z2 and 
Z3) on the basis of the ventilatory thresholds (VT). The weekly 
training intensity distribution for POL was 75% of Z1 and 25% 
of Z3; HIIT was 100% of Z3 and THR was 50% of Z1 and 50% 
of Z2. Each group underwent Bruce protocol testing and supra-
maximal testing before, during, and after the intervention; rele-
vant CRF parameters were assessed. 8 weeks of POL and HIIT 
significantly increased VT2 (p < 0.05); 8 weeks of POL, HIIT, 
THR and significantly increased VO2max and TTE (p < 0.05). The 
effect size of POL in relation to VO2max and TTE improvements 
was greater than that of HIIT and THR (g = 2.67 vs. 1.26 and 
1.49; g = 2.75 vs. 2.05 and 1.60). Aerobic training models with 
different intensity distributions have different time effects on im-
proving CRF. Relative to HIIT and THR, POL improved more 
variables of CRF. Therefore, POL is a feasible aerobic training 
method for improving CRF. 
 

Key words: Ventilation threshold, Aerobic metabolism adapta-
tion, Training intensity distribution. 

 
 

Introduction 
 

Improving cardiorespiratory fitness (CRF) is closely asso-
ciated with improvements in personal health conditions. 
Numerous studies have ascertained that in both adults and 
adolescents (Raghuveer et al., 2020), low CRF is a risk fac-
tor for death (Ross et al., 2016), diabetes (Zaccardi et al., 
2015), cancer (Schmid and Leitzmann, 2015), and other 
health-related diseases. Therefore, an individual must im-
prove and maintain their CRF to maintain their health con-
dition. 

The physiological benefits of exercise training stim-
uli are determined by the intensity and amount of training 
stimulation (Gormley et al., 2008). However, the optimal 
training combination for enhancing cardiopulmonary func-
tions and health has yet to be determined at the time of 
writing. Studies have reported on the dose - response effect 
of exercise intensity and training amount in relation to CRF 
(Ross et al., 2015). Studies have indicated that aerobic 
training intensity is a key factor influences CRF (Laursen,  
2010). When determining the exercise intensity domain of  

each personnel, the first and second ventilatory thresholds 
(VT1 and VT2) are to define three exercise intensity zones 
(Z1 [below VT1], Z2 [between VT1 and VT2], and Z3 
[above VT2]; Lucia et al., 1999). Foster et al. (2001) pro-
posed the application of training impulse (TRIMP; i.e., the 
product of training intensity and training duration) to quan-
tify training load and design aerobic exercise with varying 
levels of intensity on the basis of exercise intensity zones. 
Studies have revealed that most people performed high-in-
tensity interval training (HIIT), moderate-intensity contin-
uous training (MICT), or threshold training (THR) in Z3, 
Z2, or Z1 - Z2, respectively, and attained satisfactory re-
sults (Macpherson et al., 2011; Muñoz et al., 2014). 

Studies have suggested incorporating a combination 
of high-volume low-intensity training and low-volume 
high-intensity training into programs for endurance ath-
letes who require high training loads. This training method 
is called polarized training (POL). POL is conducive to im-
proving and maintaining CRF, and it can reduce the risk of 
overtraining. For the training intensity distribution of POL, 
75 - 80%, 0 - 10%, and 15 - 20% of training are spent in 
Z1, Z2, and Z3, respectively (Carnes and Mahoney, 2018; 
Muñoz et al., 2014; Pérez et al., 2018). Studies have veri-
fied that POL can improve the CRF and other exercise-re-
lated attributes of professional and recreational endurance 
runners and provide superior effects to those of other train-
ing interventions (Carnes and Mahoney, 2018; Muñoz et 
al., 2014; Stöggl and Sperlich, 2014). 

However, some studies did fail to find a CRF im-
provement after POL intervention (Festa et al., 2020; Pérez 
et al., 2018; Treff et al., 2017), scholars have indicated that 
the effects of POL training on maximal oxygen intake 
(VO2max) and time to exhaustion (TTE) are not significantly 
greater than those of HIIT (Stöggl and Sperlich, 2014) or 
THR (Festa et al., 2020; Pérez et al., 2018). The incon-
sistency in literature findings may be related to the limita-
tions of the experiment adopted in each study, such as the 
ceiling effect. For example, if participants only comprise 
professional or recreational athletes (Festa et al., 2020; 
Muñoz et al., 2014; Neal et al., 2013; Pérez et al., 2018; 
Stöggl and Sperlich, 2014) with existing high training 
loads and excellent physical conditions, the effect of POL 
on CRF and other relevant variables may be nonsignificant. 
The above-mentioned conflicting results regarding the ef-
fectiveness and definition of POL intensity distribution for 
endurance athletes are subject to ongoing discussions. 
(Burnley et al., 2022a; Burnley et al., 2022b; Foster et al., 
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2022a; Foster et al., 2022b). Furthermore, most of the stud-
ies that observed the effects of different training intensity 
distributions have conducted experiments that focused on 
the distribution ratio and have not considered experiments 
in which TRIMP was kept as a constant (Carnes and Ma-
honey, 2018; Neal et al., 2013; Stöggl and Sperlich, 2014). 
Other studies have employed the number of sessions, dis-
tance covered, and duration of training to quantify training 
volume (Treff et al., 2017); however, how varying intensity 
affects TRIMP has been ignored. The aforementioned fac-
tors could have resulted in POL and other training methods 
being unsuitable for comparison. 

Therefore, the present study designed training pro-
grams with different intensity distributions but identical 
TRIMP. Additionally, supramaximal testing was con-
ducted to verify the effect of POL, HIIT, and THR on CRF. 

 

Methods 
 
Participant characteristics 
This study recruited 36 untrained young adults. After the 
study procedure was explained, the participants signed in-
formed consent forms. The participants were required to 
(1) maintain their regular lifestyle and dietary habits and 
(2) not to perform additional exercise training. The experi-
ment was implemented with the approval of the Fu Jen 
Catholic University Institutional Review Board (No. 
C107083). 

Table 1. Characteristics of participants and training intensity 
distribution. 

Variable 
CG 

(N = 9) 
HIIT 

(N = 9) 
POL 

(N = 9) 
THR 

(N = 9) 
Age (yr) 19.2 ± 0.8 19.3 ± 1.4 19.4 ± 0.7 19.2 ± 0.7
Height (cm) 172 ± 2.5 172.7 ± 5.3 174.9 ± 5.9 174.5 ± 3.6
Weight (kg) 68.3 ± 7.1 71.0 ± 12.8 65.0 ± 11.3 69.1 ± 8.6
BMI (kg/m2) 23.1 ± 2.8 23.7 ± 3.8 21.2 ± 2.7 22.7 ± 2.8
Percent Body 
Fat (%) 

21.7 ± 5.8 17.7 ± 7.6 15.4 ± 7.0 18.3 ± 5.5

Skeletal Mus-
cle Mass (kg) 

29.8 ± 1.7 32.7 ± 4.7 30.5 ± 3.5 31.5 ± 3.2

Z1 %HRmax N/A N/A 67.1 ± 4.1 65.6 ± 3.9
Z2 %HRmax N/A N/A N/A 81.5 ± 2.0
Z3 %HRmax N/A 92.5 ± 2.2 91.8 ± 1.2 N/A 
 
Study design 
The present study was an 8-week, parallel-group, random-
ized controlled trial designed to compare the CRF improve-
ments resulting from various training intensity distribu-
tions with identical TRIMP (180 TRIMP/week) (Figure 1). 
The 36 participants were randomly assigned to the control 
group (CG), POL, HIIT, or THR group (Table 1). Each par-
ticipant, except for the control group, completed three 
training sessions weekly. Their CRF was evaluated before 
(pre-test), during (mid-test), and after (post-test) the inter-
vention. Training intensity was adjusted individually after 
week 5.

                                          
 

 

 
 

                                   Figure 1. Training intensity distribution and exercise training program. 
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CRF testing 
The participants were instructed to refrain from overeating 
2 h before exercise testing and to familiarize themselves 
with the procedures of the treadmill test. The same famil-
iarization testing procedures and time of day (± 2 h) were 
applied for all tests and participants. 

The participants’ V
．

O2max, first ventilation threshold 
(VT1), and second ventilation threshold (VT2) during max-
imal exercise testing were analyzed (Metalyzer 3B, Cortex, 
Leipzig, Germany). The Bruce protocol was used to assess 
CRF. The initial slope and speed of the treadmill were 10% 
and 2.7 km/h, respectively; every 3 min, the slope and 
speed were increased by 2% and 1.4 km/h, respectively. 
The participants ran continuously until exhaustion. The 
Borg rating of perceived exertion (RPE) scale was used to 
measure exertion. The participants wore heart rate moni-
tors (H10, Polar Electro Oy, Kempele, Finland) during the 
testing process. VO2max (average of 15 s) was defined as a 
plateau in VO2 with a deviation ≤ 2.0 mL/kg−1/min−1. How-
ever, if a VO2 plateau was not observed, then at least two 
of the following conditions must be met to determine 
VO2max: (1) respiratory exchange ratio (RER) ≥ 1.10; (2) ± 
10 bpm of age-predicted maximum heart rate (HRmax = 208 
- 0.7 × age); and (3) RPE ≥ 18. 

VT1 and VT2 were used as cut-points for personal-
izing training intensities. To determine VT1 and VT2, 10-s 
averages of oxygen intake were obtained during the CRF 
test. Two independent observers, who were experienced in 
exercise physiology, blindly identified VT1 and VT2. In 
case of disagreement, the opinion of a third researcher was 
sought to reach a consensus. VT1 was identified based on 
the criteria of an increase in VE/VO2 with VE increasing 
non-linearly in addition to the nonconcurrent increase in 
VE/VCO2. VT2 was identified based on the concurrent in-
crease in VE/VO2 and VE/VCO2. 
 
Supramaximal testing 
To verify the accuracy of the CRF data, this study em-
ployed supramaximal testing after the participants had 
completed the CRF test and rested for 20 - 60 min (Nolan 
et al., 2014). During the rest period, participants who per-
ceived themselves to be fully rested were allowed to start 
the supramaximal test. The test included a warm-up phase 
with 2 min of running at a 50% workload and 1 min of run-
ning at a 70% workload; for the supramaximal testing, a 
105% workload (computed from the final stage of CRF 
testing) was applied, and a participant continued until      
exhaustion (Astorino et al., 2009). The criteria for exhaus-
tion and method of data acquisition were identical to those 
used for the CRF test. 
 
Maximal aerobic speed test 
The initial speed and slope for maximal aerobic speed test-
ing was 8 km/h and 1%, respectively. The speed for the test 
was progressively increased by 1 km/h every 2 min while 
the slope was maintained at 1%, and testing was conducted 
until a participant was exhausted (Machado et al., 2013). 
The indicators used to determine exercise exhaustion were 
(1) failure to keep up with an applied speed, (2) having a 
HRmax that was within (208 - 0.7 × age) ± 10, and (3) hav-
ing an RPE of >18. The participants’ relative running speed 

and heart rate (HR) for each intensity zone during the in-
tervention were determined. 
 

8-week Training Intervention 
Control group 
The participants in the control group did not receive any 
form of training intervention throughout the experiment 
period. The participants were required to maintain their 
regular lifestyles and avoid engaging in additional activi-
ties and exercises. 
 

HIIT group 
The training intensity distribution of the HIIT only com-
prised Z3 (Figure 2). Three sessions per week were con-
ducted, with each training session lasted 20 min and com-
prised five sets of 2-min Z3 exercises (90% VO2max) sep-
arated by 2-min active rest (≥VT2). 
 

 

 

 
 

Figure 2. Percentage of time spent in Z1, Z2, and Z3 by the  
HIIT, POL, and THR. 
 
POL group 
The training intensity distribution of the POL was 75% and 
25% of training time spent in Z1 and Z3 (Figure 2), respec-
tively. Three sessions per week were conducted, each train-
ing session lasted 40 min and comprised 30 min of Z1 
(95% VT1) and 10 min of Z3 (five sets of 1-min Z3 exer-

cises [90% V
．

O2max] separated by 1-min active rest [≥ 
VT2]). 
 

THR group 
The training intensity distribution of the THR was 50% of 
training time spent in Z1 and the other 50% spent in Z2 
(Figure 2). Three sessions per week were conducted, each 
training session lasted 40 min and comprised 20 min of Z1 
(95% VT1) and 20 min of Z2 (50% - 95% VT2).  
 

Exercise intensity monitoring 
Prior to each training session, each participant wore a heart 
rate monitor (OH1, Polar Electro Oy, Kempele, Finland). 
The applied training speed was adjusted for each partici-
pant to reach the targeted HR zone. If a participant’s HR 
deviated from the target zone corresponding to their target 
exercise intensity (Z1, Z2 or Z3), the instructor made minor 
speed adjustments (≤0.5 km/h) to maintain their HR within 
the target zone. Additionally, if the participant’s RPE or 
average HR (5 - 10 bpm) decreased over 2 consecutive 
weeks of training (Zapata-Lamana et al., 2018), the initial 
speed was increased by 0.5 km/h for the subsequent train-
ing session to maintain the training load. 
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Statistical analysis 
The demographic characteristics and testing data were pre-
sented as mean (M) and standard deviations (SD). The per-
centage of changes in the CRF variables (%∆) was calcu-
lated using the following equation: ([post-test - pre-
test]/pre-test) × 100%. The results were referred to the third 
researcher in the case of conflicting results. SPSS 28.0 
(SPSS, Chicago, IL, USA) was employed for statistical 
analysis. A mixed-design two-way analysis of variance 
with Bonferroni post hoc analysis was used to test for dif-
ferences (groups [CG, HIIT, POL, and THR] × weeks 
[weeks 0, 4, and 8]). An independent Student’s t-test was 
performed to compare percentage of maximal heart rate 
(%HRmax) in Z1 and Z3 at week 8 among groups. Statistical 
significance was set at α = .05. Finally, the corrected effect 
size (ES) and Hedges’ g (g) values were used to measure 
the effect of the interventions. The following threshold for 

ES were employed: <0.2 = trivial, >0.2 = small, >0.6 = 
moderate, >1.2 = large, >2.0 = very large, and >4.0 = ex-
tremely large (Hopkins et al., 2009). 
 
Results 
 
Actual intensity of various training distributions 
Three 8-week aerobic training programs that had different 
training intensity distributions but shared the same TRIMP 
were implemented. In particular, the %HRmax differences 
between the POL and THR in Z1 were nonsignificant 
(67.1% ± 4.1% vs. 65.6% ± 3.9%, t = 0.809, p = .431). The 
%HRmax differences between the HIIT and POL in Z3 were 
nonsignificant (92.5% ± 2.2% vs. 91.8% ± 1.2%, t = 0.904, 
p = .380). Details of the %HRmax of the 3 training intervene 
tion are presented in Figure 3. 

 
 

 
 

 
 

                                    Figure 3. %HRmax of 8-week HIIT, POL, and THR training intervention. 
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Figure 4. Effect of 8-week HIIT, POL, THR training intervention on primary variables of CRF.  
 
Variables of CRF 
Post hoc comparison revealed that the VO2max for POL, 
HIIT, and THR on the posttest was significantly higher af-
ter the intervention than before (p = 0.012, 0.001 and 
0.005). The VO2max for POL was significantly higher after 
the intervention than during the intervention (p = 0.006), 
and the value during the intervention was significantly 
higher than that before (p = 0.004). The HRmax for POL, 
HIIT, and THR was significantly lower during the                
intervention than before (p = 0.030, 0.006 and 0.044). VO2 

at VT1 was significantly higher during the intervention than 
before it in the THR group (p = 0.015). VO2 at VT2 for 
HIIT and POL was significantly higher after the interven-
tion than during (p = 0.041 and 0.026) or before (p = 0.036 
and < 0.001). Furthermore, VO2 at VT2 for POL was sig-
nificantly higher during the intervention than before (p = 
0.037). TTE was significantly higher after and during the 
intervention than before in all three groups (p < 0.05). In 
the POL and THR, TTE was also significantly higher after 
the intervention than during (p = 0.002 and 0.017). VO2max, 
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VT1, VT2, and TTE did not significantly differ among the 
groups, and all of these CRF variables were more favorable 
than those of the CG group after the intervention (p < 0.05). 
In addition, post hoc comparison revealed that the VEmax 

was significantly higher after the intervention than before 
in the HIIT and POL groups (p = 0.034 and 0.017). In ad-
dition, RERmax was significantly lower during the interven-
tion than before in POL, HIIT, and THR groups (p = 0.004, 
0.009 and 0.006); in the THR and HIIT groups, RERmax 
was significantly lower after the intervention than before 
(p = 0.011 and < 0.001; Figure 4). 

All participants, except for the CG, exhibited signif-
icant improvements in VO2max, but only POL produced a 
large ES after 4 weeks of training (g = 1.56). After 8 weeks 
of training, HIIT and THR also increased VO2max with a 
large ESs (g = 1.26 and 1.49), and POL substantially in-
creased VO2max, with an extremely large ES (g = 2.67). In 
addition, after 4 weeks of training, POL improved TTE 
with an extremely large ES (g = 2.20). Finally, after 8 
weeks, HIIT and POL improved TTE with extremely large 
ESs (g = 2.05 and 2.75), and THR improved TTE with a 
large ES (g = 1.60; Table 2). 

 
Table 2. Effect size and changes (percentage) to CRF variables after 8 weeks of HIIT, POL, and THR training intervention. 

Variable Group 
Week 1 - 4 

∆ change (%) 
Week 5 - 8 

∆ change (%) 
All 

∆ change (%)
Week 1 - 4 
g (95% CI) 

Week 5 - 8 
g (95% CI) 

All 
g (95% CI) 

HRmax 

CG -1.8 + 1.5 0.5 + 2.6 -1.4 + 2.8 1.13 (0.29 to 1.94) 0.14 (-0.49 to 0.76) 0.46 (-0.21 to 1.11)
HIIT -2.7 + 2.3 0.2 + 3 -2.5 + 4.3 1.07 (0.24 to 1.85) 0.06 (-0.57 to 0.68) 0.53 (-0.16 to 1.18)
POL -3.1 + 1.9 0.2 + 2.9 -2.9 + 2.9 1.43 (0.49 to 2.34) 0.04 (-0.58 to 0.66) 0.87 (0.10 to 1.61) 
THR -2.5 + 2.3 -0.7 + 1.9 -3.2 + 1.7 0.98 (0.18 to 1.75) -0.32 (-0.95 to 0.33) 1.67 (0.63 to 2.66) 

V
．

O2 at 
VT1 

CG -7.1 + 8 3.8 + 11.7 -3.9 + 10.5 -0.82 (-1.54 to -0.06) 0.25 (-0.39 to 0.88) -0.44 (-1.08 to 0.23)
HIIT 4.7 + 11.6 8.7 + 9.3 13.9 + 16.5 0.35 (-0.31 to 0.98) 0.84 (0.08 to 1.57) 0.76 (0.02 to 1.47) 
POL 1.1 + 10.2 1.8 + 12.7 2.7 + 15.0 0.05 (-0.57 to 0.67) 0.10 (-0.53 to 0.72) 0.12 (-0.51 to 0.74)
THR 8.2 + 6.3 -1.3 + 9.6 6.6 + 9.8 1.22 (0.34 to 2.05) -0.21 (-0.83 to 0.43) 0.62 (-0.08 to 1.30)

V
．

O2 at 
VT2 

CG 0.8 + 14.2 -4.2 + 10.7 -3.3 + 18.7 -0.06 (-0.69 to.56) -0.39 (-1.02 to 0.27) -0.29 (-0.92 to 0.35)
HIIT 7.2 + 12.7 4.7 + 4.3 12.0 + 10.5 0.53 (-0.16 to 1.18) 1.00 (0.19 to 1.77) 1.03 (0.21 to 1.80) 
POL 6.5 + 6.3 7.1 + 6.7 14.0 + 6.5 1.02 (0.21 to 1.79) 1.10 (0.26 to 1.90) 2.02 (0.85 to 3.16) 
THR 1.2 + 10.2 4.9 + 13.2 5.2 + 8.4 0.04 (-0.59 to.66) 0.32 (-0.33 to 0.96) 0.58 (-0.12 to 1.24)

V
．

O2max 

CG -2.1 + 4.7 1.6 + 6.3 -0.6 + 7.0 -0.44 (-1.09 to 0.23) 0.22 (-0.41 to 0.85) -0.10 (-0.72 to 0.53)
HIIT 3.4 + 4.5 6.2 + 6.1 9.8 + 7.3 0.65 (-0.06 to 1.34) 0.87 (0.10 to 1.61) 1.26 (0.37 to 2.11) 
POL 7.6 + 4.5 4.9 + 3.2 12.9 + 4.6 1.56 (0.57 to 2.52) 1.41 (0.47 to 2.31) 2.67 (1.23 to 4.08) 
THR 2.6 + 3.8 4.7 + 5.2 7.3 + 4.6 0.54 (-0.15 to 1.20) 0.80 (0.05 to 1.51) 1.49 (0.52 to 2.43) 

V
．

Emax 

CG 2.2 + 19.9 -0.3 + 6.8 1.1 + 15.2 0.01 (-0.61 to 0.63) -0.09 (-0.71 to 0.54) -0.03 (-0.66 to 0.59)
HIIT 15.7 + 14.1 -0.3 + 4.5 15.2 + 13.1 1.04 (0.22 to 1.81) -0.13 (-0.75 to 0.50) 1.04 (0.22 to 1.82) 
POL 15.6 + 17.8 3.9 + 5.7 19.6 + 15.7 0.79 (0.04 to 1.50) 0.60 (-0.10 to 1.27) 1.18 (0.32 to 2.01) 
THR 3.5 + 3.1 -2.1 + 4.2 1.2 + 4.6 1.01 (0.20 to 1.79) -0.49 (-1.14 to 0.19) 0.26 (-0.38 to 0.89)

TTE 

CG 0.7 + 4.9 -0.7 + 3.6 0.0 + 5.0 0.12 (-0.51 to 0.74) -0.20 (-0.82 to 0.44) -0.03 (-0.65 to 0.60)
HIIT 6.6 + 4.8 5.2 + 5.8 11.9 + 5.9 1.17 (0.31 to 1.99) 0.83 (0.07 to 1.55) 2.05 (0.87 to 3.19) 
POL 8.3 + 4.0 3.4 + 1.8 12.0 + 4.8 2.20 (0.96 to 3.41) 1.76 (0.69 to 2.79) 2.75 (1.28 to 4.20) 
THR 5.5 + 5.3 3.4 + 2.6 9.1 + 5.4 0.96 (0.16 to 1.71) 1.19 (0.32 to 2.01) 1.60 (0.59 to 2.56) 

 
Discussion 
 
The present study tested the effects of training intensity 
distribution on CRF, obtaining the following findings: (1) 
4 weeks of THR intervention significantly improved VT1, 
and 8 weeks of HIIT and POL interventions significantly 
improved VT2; (2) 8 weeks of POL, HIIT, and THR inter-
ventions significantly improved VO2max and TTE; and (3) 
8 weeks of POL produced more favorable effects (ESs) on 
CRF than did HIIT or THR. These results support the hy-
pothesis that 8 weeks of POL, HIIT, and THR interventions 
at an equalized TRIMP can improve the CRF of healthy 
young adults. Furthermore, the intervention time required 
to achieve a significant CRF improvement differed among 
the three groups. The TRIMP of each training distribution 
was the same and based on the ACSM’s guidelines, which 
recommend 20 - 40 min of exercise to improve CRF in the 
general population (American College of Sports Medicine, 
2021). 

The overall training load is crucial to CRF improve-
ment. Studies have reported that differences in the overall 
training loads of training distributions can confound effects 

on CRF or exercise performance (Stöggl and Sperlich, 
2014; Zapata-Lamana et al., 2018) and limit the subsequent 
interpretation of results. The present study tested various 
training distributions with the same TRIMP and revealed 
nonsignificant differences in the Z1 %HRmax achieved 
through POL and THR and nonsignificant differences in 
the Z3 %HRmax achieved through POL and HIIT at week 
8. Therefore, the same overall training load resulted in a 
similar physical load for the various training distributions. 

The physical fitness level of participants may con-
found the results of others studies of POL for CRF im-
provement. Pérez et al. (2018) recruited ultramarathon run-
ners as participants and discovered that the VO2max did not 
significantly increase after 12 weeks of POL training (55.8 
vs. 54.9 mL/kg/min). Treff et al. (2017) recruited national 
team rowers as participants and discovered that the VO2max 
did not significantly increase after 11 weeks of POL train-
ing (68 vs. 68 mL/kg/min; ∆0.6%). Festa et al. (2020) com-
pared the pre- and post-intervention performance of leisure 
runners after 8 weeks of POL training and could not iden-
tify any improvements in VO2max (53.0 vs. 53.6 
mL/kg/min). The aforementioned studies indicate that a 
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ceiling effect could influence the results of POL training 
for participants with high physical fitness. However, 12 
weeks of POL intervention was shown to significantly in-
crease the VO2peak of women with overweight or obesity 
(Zapata-Lamana et al., 2018). In the present study, 8 weeks 
of POL intervention significantly improved the VO2max of 
untrained young adults (+12.9%). In summary, differences 
in fitness level may be a key influencing factor for inter-
vention effects. Therefore, researchers must practice cau-
tion when interpreting the effect of a POL intervention and 
implementing it in a practical setting. Given the potential 
ceiling effect, indicators other than VO2max (e.g., VT1 and 
VT2) should be and examined to clarify the effects of POL 
on CRF. 

In the present study, 8 weeks of HIIT or POL sig-
nificantly increased VT2. However, this effect was not 
achieved by THR, which could be attributed to the lack of 
high-intensity (Z3) training in THR; by contrast, POL and 
HIIT incorporate Z3 training. In a previous study, the in-
crease in VT2 achieved through HIIT was greater than that 
through MICT (Schaun et al., 2018), indicating that high-
intensity training helps to improve aerobic metabolism ef-
ficiency and delay anaerobic metabolism. Another study 
reported that VT2 increases are related to the capacity for 
performing long-duration, high-intensity aerobic exercises 
(Bunc et al., 1987). In the present study, POL (at the same 
TRIMP) increased VT2 while requiring shorter high-inten-
sity training relative to HIIT. This finding provides the un-
trained population (or even athletes) with an aerobic train-
ing model that can reduce the risk of overuse posed by ex-
cessive training intensity. 

The present study revealed that HRmax was signifi-
cantly lower during all three interventions than before. The 
underlying mechanism of HRmax alteration remains unclear 
(Whyte et al., 2008; Zavorsky, 2000), but Zavorsky (2000) 
suggested numerous explanations, including plasma vol-
ume expansion, enhanced baroreflex function, changes to 
the sinoatrial node, and a reduced number and density of ß-
adrenergic receptors. Kenney et al. (2019) suggested that 
HRmax changes occur because aerobic endurance training 
increases the time required for ventricular refilling, which 
increases stroke volume, thereby reducing HRmax. How-
ever, the causal relationship between aerobic training and 
HRmax remains unclear. 

Regarding the effect of aerobic training on the var-
iables of CRF, the results revealed 4 weeks of POL, HIIT, 
and THR interventions significantly reduced the RERmax. 
In particular, the RERmax of the POL and HIIT were signif-
icantly lower than CG. Evidence suggests that fat oxidation 
provides energy during short, intense exercise sessions 
(Essén-Gustavsson and Tesch, 1990; McCartney et al., 
1986). This could be the cause of the decrease in RERmax. 
Messonnier et al. (2005) reported that 4 weeks of aerobic 
training significantly reduced the RERmax of healthy seden-
tary adults, enhanced fat metabolism adaptations, in-
creased oxidizing enzyme activity and O2 intake, and in-
creased TTE. After 8 weeks of POL, HIIT, or THR inter-
vention, TTE significantly increased and was more favor-
able than that of the CG group. In particular, the ES of HIIT 
and POL in increasing TTE were greater than that of THR 
(g = 2.05 [HIIT] and 2.75 [POL] vs. 1.60 [THR]). The     

present study surmised that the changes in RERmax induced 
by 4 weeks of aerobic training could reflect the changes to 
the substrates of energy metabolism. In particular, the pre-
sent study proposes that these improvements can be en-
hanced by incorporating high-intensity training (e.g., POL 
and HIIT) into the training program design. 

After 4 weeks of HIIT training, V
．

Emax significantly 
improved, and this improvement maintained throughout 
the intervention. By contrast, the VO2max of the POL group 
improved only by the end of the intervention; this could be 
caused by the group’s high percentage of Z1 training (75%) 
and smaller amount of Z3 training stimulus. Accordingly, 
the present study inferred that the lack of Z3 training for 
the THR group resulted in its VEmax improving only in the 
first 4 weeks (weeks 1–4) and returning to baseline by the 
end of the intervention. During high-intensity exercise, lac-
tate and H+ levels increase, stimulating the respiratory con-
trol center to increase VE and accelerate CO2 expiration. In 
the final 4 weeks (weeks 5 - 8), only the POL group exhib-
ited a significant increase in VCO2max, with a 3.9% increase 
in VEmax (moderate ES). Regular exercise enhances the 
sensitivity of VCO2 chemoreceptors (Yamashiro et al., 
2021). One study revealed an increase in VE during the su-
pramaximal state of sprint interval training (SIT), during 
which the maximal reductions in muscle and blood acidity 
were achieved, resulting in increased VCO2 (Wood et al., 
2016). In the present study, the Z3 work–rest ratio for POL 
was similar to that applied for the aforementioned SIT in-
tervention. Accordingly, we speculated that POL consider-
ably improved ventilation efficiency in the final 4 weeks 
because of the adaptations from Z3, which increased the 
ventilatory CO2 and reduced its acidity, resulting in a 
longer TTE (g = 2.75). 

The improvements in the CRF of untrained young 
adults were similar among three exercise intervention 
groups. Other studies did not identify an optimal training 
distribution for improving CRF. Therefore, the present 
study examined ES to clarify the effects of the training dis-
tributions. The ESs of the improvements in VO2max (g = 
2.67) and TTE (g = 2.75) in the POL group were greater 
than those in the HIIT (g = 1.26 [VO2max] and 2.05 [TTE]) 
and THR (g = 1.49 [VO2max] and 1.60 [TTE]) groups after 
8 weeks of training. This result is similar to that of Carnes 
and Mahoney (2018), who revealed POL intervention had 
an ES (Cohen’s d = 0.85) that was greater than CrossFit 
endurance training. Similarly, Zapata-Lamana et al. (2018) 
reported that the ES of POL was greater than HIIT and 
MICT (g = 2.6 [POL] vs. 2.1 [HIIT] vs. 1.5 [MICT]). In 
the ongoing debate about the effectiveness of polarized 
training, Burnley et al. (2022a) emphasized the importance 
of Z2, which is supported by our finding that training in 
THR significantly impacted VT1 and improved aerobic ca-
pacity. However, we intentionally excluded Z2 training 
from POL. Our findings suggest that incorporating both Z1 
and Z3 components is crucial for CRF improvements, as 
the absence of Z3 may limit its enhancement. As noted by 
Foster et al. (2022a), a study (Treff et al., 2017) that 
"clamped" the Z1 training volume at 93% showed little dif-
ference in improved performance, underscoring the im-
portance of incorporating Z3 training. Laursen (2010) has 
suggested the possible explanation was that the molecular 
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signaling pathways for the low-intensity (Z1) and high-in-
tensity (Z3) components of endurance training induce the 
same metabolic adaptation, that is, CRF improvement. 
However, both pathways involve the activation of a key 
aerobic adaptation factor: PGC-1α. The POL intervention 
in the present study incorporated both intensity levels, and 
this could have resulted in POL achieving a greater ES than 
HIIT or THR on VO2max. In addition, relative to imple-
menting only SIT or endurance exercises, a combination of 
SIT and endurance exercises induces greater PGC-1α 
mRNA expression (Skovgaard et al., 2016). Studies have 
reported that high-volume low-intensity training (Z1) im-
proves CRF by increasing cardiac output and plasma vol-
ume, inducing adaptations pertaining to capillary and mi-
tochondrial biogenesis and enhancing the efficiency of key 
metabolic processes (Midgley et al., 2006; Romijn et al., 
1993; Stöggl and Sperlich, 2014). Other studies have pro-
posed that short-term high-intensity training (Z3) activate 
PGC-1α expression, thereby promoting mitochondrial syn-
thesis, which leads to adaptations of the cardiovascular 
(central) and musculoskeletal (peripheral) systems (Mac-
Innis & Gibala, 2017; Torma et al., 2019) and enhances the 
oxygen utilization efficiency of peripheral tissues (Mac-
pherson et al., 2011). Additionally, Z1 training helps to sta-
bilize hormone levels, prevent overuse, and compensate for 
the strenuous training load of Z3 (Hill et al., 2008). In sum-
mary, POL, which comprises both Z1 and Z3 training, cre-
ates an optimal environment for mitochondrial biogenesis 
and cardiovascular adaptation and ultimately improves 
CRF. This result suggests that individuals with poor CRF 
can benefit from POL training with a low high-intensity 
training load (Z3) and achieve CRF improvements that are 
similar to those achieved through HIIT while reducing the 
risks of poor recovery and overuse. 

 
Conclusion 
 
With TRIMP being a fixed constant, the effects of different 
training intensity distributions were compared. The effect 
of POL on CRF is similar to that of HIIT and THR; how-
ever, POL requires a lower high-intensity training load. In 
the present study, confounding factors (e.g., fitness levels 
and training impulse) were accounted for. Additionally, su-
pramaximal testing was performed to verify the accuracy 
of CRF testing and to clarify the benefits of aerobic training 
with different training intensity distributions. Results indi-
cated that the different training intensity distributions have 
different time effects on CRF improvement. The findings 
suggest that POL is effective aerobic training for improv-
ing CRF in untrained healthy young adults. Furthermore, 
POL can help individuals to maintain their training vol-
ume, recover from fatigue, and avoid overuse. 
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Key points 
 
 The effect of POL on improving V

．
O2max (12.9%) and time 

to exhaustion (12.0%) was greater than that of HIIT and 
THR. 

 THR mainly comprises moderate-intensity exercises (Zones 
1 and 2) and only improves aerobic metabolism (VT1). 

 Both POL and HIIT encompass Z3 exercises; this indicates 
that high-intensity training is conducive to enhancing the 
energy supply for aerobic metabolism and delaying com-
plete reliance on anaerobic metabolism. 
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