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ABSTRACT
Purpose:

responses when exposed to regular exercise training. The purpose of this study was to compare the 

Results: 2

2

2

Conclusions:

2

2max
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INTRODUCTION

It is well accepted that regular exercise training 

2
elevated triglycerides and impaired fasting blood 

mortality1

that considerable heterogeneity exists with respect to 
2

2-5

considerable individual variability in exercise-induced 
changes in common cardiometabolic risk factors 

exposed to regular exercise training6-8

7 reported that adverse 
responses in individual cardiometabolic risk factors 
ranged from 8 to 13% in sedentary adults 
undergoing 4 to 6 months of  aerobic exercise 

individualised and evidence-based approach to the 
exercise prescription is needed to enhance training 

9

such strategy that supports an individualised 
approach to the exercise prescription is the 

designing programs based on the unique abilities, 
needs and goals of  each individual10

model incorporates components of  

Therefore, the purpose of  this study was to compare 
the effectiveness of  two training programs for 

In contrast, the standardised exercise training 

METHODS

Participants

local university, as well as the surrounding 
community, via advertisement through the university 
website, local community newspaper, and word-of-

the study if  they were low-to-moderate risk as 

11

considered sedentary if  they reported not 
participating in at least 30 min of  moderate intensity 
physical activity on at least three days of  the week for 
at least three months11

for inclusion into the study if  they verbally agreed to 
continue previous dietary habits and not perform 
additional exercise beyond that required for the 

of  cardiovascular, pulmonary, and/or metabolic 
disease as determined by medical history 

signed an informed consent form prior to 

Baseline and post-program experimental 
testing procedures

obtained both before and after the exercise training 

have employed previously in exercise training 
interventions performed in our laboratory12

detail for each of  these measurement are provided 

and blood glucose measurement participants 
refrained from all food and drink other than water 

were also instructed to refrain from strenuous 

testing took place within 1 to 4 days of  the last 
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Resting Heart Rate and Blood Pressure measurement
The procedures for assessment of  resting heart 

followed11

for 5 minutes in a chair with a back support with feet 

of  radial artery in the left wrist and recording the 

sphygmomanometer in duplicate and separated by 

Anthropometric measurements

a medical grade scale and measured for height to the 

was determined via skinfolds11

of  the body using standardised anatomical sites 

measurements were performed until two were within 

measurements were obtained using a cloth tape 

measurement was taken at the narrowest point of  the 

Fasting blood lipid and blood glucose measurement

 Participants’ hands 
were washed with soap and rinsed thoroughly with 
water, then cleaned with alcohol swabs and allowed 

 sample was collected into heparin-coated 

 into the capillary tube without 
 were then dispensed 

immediately onto commercially available test 

Cholestech measured total cholesterol, high density 

analyser 

system has excellent reproducibility with standard 
clinical laboratory measurement of  plasma lipids and 
lipoproteins13-14 and meets the National Cholesterol 

reproducibility15

The procedures for assessment of  functional and 

followed10

using the stork-stand balance test to assess static 

the ground and bring the foot to lightly touch the 

Timing was stopped if  any of  the following 

direction, any part of  elevated leg lost contact with 

10 repetitions of  a weight the participant felt 

were performed to warm up muscles followed by 
1 minute rest period
5 repetitions at weight of  60-80% estimated 

followed by a 2 minute rest period

then warm up
• 

weight was increased until maximum weight 
participant can lift was established with 3 
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• 
researcher, weight was decreased until 
participant successfully lifted the heaviest 
weight possible

Maximal exercise testing

ramp graded exercise test on a motorised treadmill 

was increased by 1% every minute until the 

exchange data were recorded continuously during the 

exercise test, the metabolic analyser was calibrated 

2,  2 2 
2

was calculated by averaging the data collected 15s 

of  the two processed data points represented 
2

was determined by taking the difference between 

Determination of  ventilatory thresholds

time plotted against each relevant respiratory variable 

2 with no concurrent 
2 and departure from the 

2

2
16

reevaluated and collectively a consensus was agreed 

Randomisation and exercise intervention

to a non-exercise control group or one of  two 
exercise training groups according to a computer 
generated sequence of  random numbers that was 

research design in that participants were unaware of  

and supervision of  exercise sessions were unaware 
of  the group to which participants had been 

training groups performed 13wk of  exercise training 

model10

11

performed a similar frequency and duration of  

for both group were intended to satisfy the 
consensus recommendation of  150 min/wk1

exercise intensity method for the cardiorespiratory 

was prescribed exercise intensity according to a 

training group was prescribed exercise intensity 
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• 

• 

• 

10 and 
11

workloads on aerobic modalities accordingly during 

exercise prescription details for each training group 
over the course of  the 13wk training period are 

Resistance and functional exercise prescription

during week 4 of  the overall study for both treatment 
groups and was subsequently completed 3 days a 

sessions were supervised by researchers who closely 
monitored adherence to the prescribed program, 

Figure 1. Flow chart of experimental procedures and exercise prescription for each of the two exercise training treatment 
groups and the non-exercise control group after randomisation.  ACE IFT, American Council on Exercise Integrated Fitness 
Training, HR, heart rate; HRR, heart rate reserve; RT, resistance training; VT1, first ventilatory threshold; VT2, second ventilatory 
threshold.    
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ensured proper technique for each exercise, and 

details of  the resistance and functional exercise 

Standardised group
The resistance training program for the 

standardised treatment group was designed according 
11 and consisted of  single and 

multi-joint exercises completed using machine 

pulldown, seated row, bicep curl, tricep pushdown, 
seated leg press, seated leg extension, prone lying leg 

scale17 were completed for each lift and rated 
18

ACE IFT group

guidelines10 and consisted of  multijoint/multiplanar 
exercises completed using free weight and machine 

allowed for free motion during the exercise and 
therefore range of  motion was not limited to a 

matrix, kneeling/standing wood chops, kneeling/
standing hay bailers, dumbbell squat to 90-degree 
knee bend, standing one-arm cable row, step-ups 

Statistical analyses

2max as the main outcome 

a previous study19 were examined and the effect size 

2
approximately 12 participants would be needed for 
each of  the three groups20

there would be an approximate 20% dropout rate 

training studies2

randomised an additional three participants to each 
of  the exercise training groups and control group to 

 

 made using 
 changes were 

appropriate, 
normality was tested by examining normal plots of  

 

tests were 19

2

exercise training using a day-to-day variability, within 

previously in the literature5,21

all other outcomes and participants were categorised 

2

subsequently used to analyse the incidence of  
responders and non-responders to exercise training 
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RESULTS

for those participants who completed the 

 and non-exercise control groups did 

The exercise prescription in both treatment groups 
was well tolerated for the 28 of  32 participants who 

adherence to the total number of  prescribed training 

prescribed cardiorespiratory exercise intensity for 

Table 1. Physical and physiological characteristics at baseline and 13wk for control, Standardised, and ACE IFT groups. 
(Values are mean ± SD).

Parameter

Control group
(n=14; women = 8, men = 6)

Standardised group
(n=14; women = 6, men = 8)

ACE IFT group
(n=14; women = 6, men = 8)

Baseline 13wk Baseline 13wk Baseline 13wk

Age (yr) 62.4 ± 6.8 ____ 67.4 ± 8.3 ____ 64.9 ± 10.0 ____

Height (cm) 167.2 ± 9.5 ____ 167.0 ± 8.1 ____ 168.9 ± 10.7 ____

Body mass (kg) 76.2 ± 8.3 76.4 ± 7.7 82.3 ± 16.8 81.7 ± 17.2 84.0 ± 19.8 83.2 ± 18.8

Waist circumference (cm) 89.2 ± 7.7 89.4 ± 7.3 95.6 ± 14.0 93.3 ± 14.6 92.4 ± 11.2 89.1 ± 10.6*†

Body fat (%) 30.5 ± 4.2 31.7 ± 4.2* 35.0 ± 6.0 33.6 ± 4.8† 35.1 ± 6.4 31.9 ± 6.5*‡

Fat free mass (kg) 53.0 ± 6.2 52.2 ± 5.8* 53.5 ± 11.7 54.3 ± 12.0† 54.5 ± 12.2 56.7 ± 11.1*‡

Resting HR (b min-1) 66.8 ± 12.3 66.0 ± 8.4 75.3 ± 4.3 75.4 ± 6.9 71.4 ± 10.7 68.8 ± 14.7

Maximal HR (b min-1) 156.5 ± 10.4 155.0 ± 7.9 148.7 ± 9.6 150.4 ± 8.6 152.7 ± 11.0 154.9 ± 9.6*

VO2max (mL kg-1 min-1) 25.1 ± 4.7 24.7 ± 4.4 22.2 ± 11.0 24.0 ± 10.8*† 25.5 ± 6.3 29.1 ± 6.8*‡

Systolic BP (mmHg) 117.4 ± 9.8 120.5 ± 9.3* 121.6 ± 10.3 121.7 ± 12.4 125.4 ± 6.2 118.3 ± 5.2*‡

Diastolic BP (mmHg) 77.6 ± 8.7 81.3 ± 5.2 77.3 ± 7.9 77.4 ± 8.0 79.4 ± 5.5 74.9 ± 6.2*‡

Total cholesterol (mmol L-1) 5.17 ± 0.96 5.18 ± 0.79 5.03 ± 1.18 5.32 ± 1.44 5.08 ± 1.31 5.12 ± 1.25

HDL cholesterol (mmol L-1) 1.24 ± 0.59 1.21 ± 0.51 1.37 ± 0.49 1.41 ± 0.47 1.29 ± 0.52 1.42 ± 0.52*†

LDL cholesterol (mmolg L-1) 3.05 ± 0.84 3.07 ± 0.73 3.01 ± 0.64 3.10 ± 0.52 2.78 ± 0.72 2.76 ± 0.77

Triglycerides (mmol L-1) 1.41 ± 0.41 1.63 ± 0.54* 1.22 ± 0.66 1.12 ± 0.62*† 1.21 ± 0.46 1.09 ± 0.48*†

Blood Glucose (mmol L-1) 4.97 ± 0.28 5.03 ± 0.41 5.07 ± 0.52 5.10 ± 0.59 5.20 ± 0.44 5.00 ± 0.41*†

Right leg Stork-stand (sec) 37.4 ± 29.7 35.4 ± 29.6 31.9 ± 28.4 37.4 ± 32.0* 26.9 ± 25.0 44.6 ± 35.3*‡

Left leg Stork-stand (sec) 29.1 ± 20.6 26.3 ± 19.3* 24.7 ± 20.0 31.1 ± 23.8*† 26.3 ± 23.9 41.7 ± 28.5*‡

Bench press 5-RM (kg) 21.9 ± 17.6 21.6 ± 17.7 25.3 ± 17.4 28.6 ± 20.7*† 25.9 ± 14.7 32.0 ± 16.1*‡

Leg press 5-RM (kg) 53.3 ± 48.9 53.4 ± 48.0 51.6 ± 32.0 64.3 ± 37.1*† 67.3 ± 24.4 91.3 ± 31.8*‡

* Within-group change is significantly different from baseline, p<0.05; † Change from baseline is significantly different than control group, p<0.05;  

‡ Change from baseline is significantly different than control and Standardised groups, p<0.05.
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both treatment groups throughout the duration of  

 

2max, body fat 

standardised treatment group when compared with 

changes in body fat percentage, fat free mass, 
2

between-group and within-group changes from 

Table 2. Prescribed and actual exercise intensity for cardiorespiratory exercise for Standardised and ACE IFT treatment groups 
throughout the 13wk exercise intervention. 

Standardised Group (n=14) ACE IFT Group (n=14)

Week Prescribed 
intensity THR Actual HR Prescribed 

intensity THR Actual HR

1 40-45% HRR 105 ± 12 to 108 ± 12 107 ± 11 HR < VT1 104 ± 10 to 113 ± 10 109 ± 11

2 40-45% HRR 105 ± 12 to 108 ± 12 108 ± 12 HR < VT1 104 ± 10 to 113 ± 10 111 ± 9

3 40-45% HRR 105 ± 12 to 108 ± 12 107 ± 9 HR < VT1 104 ± 10 to 113 ± 10 112 ± 8

4 40-45% HRR 105 ± 12 to 108 ± 12 108 ± 10 HR < VT1 104 ± 10 to 113 ± 10 112 ± 8

5-6 50-55% HRR 112 ± 13 to 116 ± 14 113 ± 12 114 ± 11 to 123 ± 12 118 ± 10

7-8 50-55% HRR 112 ± 14 to 116 ± 15 115 ± 11 114 ± 11 to 123 ± 12 119 ± 11

9-13 60-65% HRR 118 ± 14 to 121 ± 14 120 ± 12 124 ± 12 to 132 ± 11 127 ± 10

Values are mean ± SD. HR, heart rate; HRR, heart rate reserve; THR, target heart rate; VT1, first ventilatory threshold; VT2, second ventilatory 

threshold.

Figure 2. Individual variability in relative VO2max response (% 
change) to exercise training in the Standardised (A) and ACE 
IFT (B) treatment groups.
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Incidence of VO2max non-responders and 
responders

2max responders and non-
responders to exercise training in both the 

2

treatment group experienced an undesirable change 
2

between treatment groups in several potential 

2max, exercise adherence, 

incidence of  individuals who experienced a favorable 
2

2

Incidence of cardiometabolic non-
responders and responders

cardiometabolic responders to exercise training were 

including age, baseline cardiometabolic risk factor 

Incidence of anthropometric non-
responders and responders

anthropometric responders to exercise training were 

treatment group when compared to the standardised 

factors of  responder/non-responder, including age, 
baseline anthropometric value, exercise adherence, 

Incidence of muscular and neuromotor 
fitness non-responders and responders

The incidence of  muscular and neuromotor 

contrast, the incidence of  muscular and neuromotor 

non-responder, including age, baseline muscular and 

DISCUSSION

2
cardiometabolic risk factors when compared to a 
standardised exercise prescription following 13wk of  

prescription increased training responsiveness when 
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compared to a standardised exercise training 

Therefore, these current results support both our 
research hypotheses and underscores the importance 
of  a personalised exercise prescription to enhance 

randomised, controlled trial to compare individual 
variation in training responses following 
comprehensive, individualised exercise training 

factors are known to mediate the heterogeneity in 
training responses, including the parameters of  the 

previously been demonstrated that one of  the most 
2max response 

to exercise training is a greater volume of  exercise22

of  exercise intensity prescription may underpin the 
2max response to 

exercise training23 3-4,24 that have 
reported widespread variability in the individual 

2max response to exercise training have used one 
of  several relative exercise intensity methods, 

2

methods elicit large inter-individual variation in the 
metabolic responses to exercise training23,25

premise, it has been suggested that the individual 
variation in metabolic response will subsequently 
lead to differences in the overall homeostatic stress 
from each training session which will ultimately 
result in heterogeneity in the exercise training 

of  a threshold based method for establishing exercise 
intensity might better normalise the metabolic 

10,26

threshold based exercise intensity prescription, as 

2max, systolic blood pressure, and body 

to exercise training elicited greater training 

treatment group when compared to the standardised 

stand scores and a higher incidence of  responders in 
all of  these parameters were also observed in the 

neuromotor exercise prescription can enhance 

problems linked to age-related declines in muscle 

In the past few decades both low cardiorespiratory 

attention as independent and powerful predictors of  

reduced risk of  all-cause mortality27

Williams28 showed in a meta-analysis that there was a 

individuals moved out of  the lowest quartile of  
29 

accounted for more overall deaths when compared 
to deaths which could be attributed to traditional 

2

from the current study have novel clinical and public 
health relevance, as a large number of  adults fall into 

30

2

2max was improved on 
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improvements likely have important long-term 
prevention implications as it has been previously 

2max was 
associated with an 18% reduction in deaths due to 

31

There are a few limitations to the present study 

size in our study is lower than other major exercise 
training studies in the literature19,22

advantages of  a smaller sample size were the ability 
to better supervise the exercise program and more 
closely interact with participants on a daily basis 
during exercise sessions32

adherence to the prescribed exercise program was 

while participants were instructed to maintain their 
regular dietary intake during the 13wk intervention, 
diet intake was not strictly controlled for in this 

behaviour outside of  the training program and 
prescribed medications were not monitored, and thus 

CONCLUSION

There is a wealth of  previous research reporting 
that regular exercise training confers positive effects 

numerous other cardiometabolic outcomes related to 

it has also been highlighted that considerable 
heterogeneity exists with respect to the individual 

study it was demonstrated that a personalised 

PRACTICAL APPLICATIONS

 In the present study an individualised exercise 

2

The individualised exercise prescription consisted of  

establishing exercise intensity for cardiorespiratory 

available, practitioners can make use of  the talk test 
to establish the appropriate and individualised 

exercise prescription33

provide important preliminary data for exercise 

design exercise training programs in the adult/older 
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