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1 Introduction 

The global incidence of diabetes is growing. It is estimated that the incidences will rise from 425 million in 

2017 to 629 million in 2045 [1], with type 2 diabetes mellitus (T2DM) accounting for 90% [2]. Furthermore, 

recent years have seen a lower average age of diabetes onset [3] so that more individuals may be expected 

to live longer with their disease and to face an increased accumulated lifetime risk of complications.  

Physical exercise is one of three cornerstones in the treatment in patients with T2DM as it slows disease 

progression and delays development of complications [4–7]. Regular strength and endurance training has 

beneficial effects on factors related to T2DM [8,9], but physical exercise must be performed regularly to be 

effective. The American Diabetes Association therefore recommends a weekly minimum duration of 150 

minutes of moderate to vigorous exercise [10].  

Recent research shows that the intensity of training matters, too; and high-intensity training (HIT) has been 

shown to be beneficial in patients with T2DM; viz. HIT positively affects blood glucose by reducing 24 h 

blood glucose concentration [11], decreasing fasting and 2h glucose and decreasing HbA1c [12]. This 

positive effect may be attributable to several factors such as increased GLUT4 content, increased activity of 

citrate synthase and increased protein content in the electron transport chain [11]. Endothelial physiology 

has also been improved, as well as endothelial-dependent vasodilator response and functional capability 

[13]. Research also suggests that HIT may outperform other kinds of training because it addresses a main 

concern voiced by patients with T2DM, namely that lacking time is claimed to be a barrier to regular 

training [14,15]. 

Monitoring the effect of training, most prior research has deployed invasive technologies such as tissue 

biopsies, blood tests and ultrasound [11,16–19]. These technologies command expert knowledge and 

special equipment, which is usually available only at hospitals or dedicated facilities. 

Remarkably little effort has gone into exploring how health improvements may be monitored using simpler 

techniques that may be mastered by the patients themselves, even in their own homes. This is surprising as 

the introduction of simple techniques that may be used by the patients themselves in their own homes may 

support patient motivation and self-efficacy regarding training. 

A battery of simple methods for monitoring the effect of HIT training could include taking the oral glucose 

tolerance test (OGTT), measuring blood pressure, monitoring weight and calculating fat composition.  

No current research, however, has investigated if the effect of short-term HIT can be measured using 

simple methods. If this shows to be the case, it opens for the opportunity for the patients to measure the 

effect of training by themselves at home. Likewise, extant knowledge on the ability of patients with 

diabetes to comply with HIT is sparse. 

The dual aim of the present study is, first, to investigate to which extent the effect of a short period of HIT 

leads to measurable changes detectable with simple self-testing methods in patients with T2DM; second, to 

investigate these patients’ compliance with HIT. 

 

2 Methods 

2.1 Participants 
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Ten adults with T2DM recruited from the healthcare centre in Aalborg Municipality (Sundhedscenter 

Nordkraft), Denmark, were recruited in collaboration with the physiotherapist employed at the healthcare 

centre. The participants were asked to obtain oral approval from their general practitioner (GP) of their 

participation in HIT to ensure that this was not contraindicated. Further criteria for inclusion were manifest 

T2DM diagnosed by GP and being able to participate in training performing the fixed test on set training 

days. Exclusion criteria were use of pacemaker and any conditions contraindicating training at high 

intensity. 

2.2 Experimental design 

2.2.1 Study overview 

VO2 max tests were performed on day -2, at baseline (day 0) and after 21 days, and training was performed 

on set days (day 3, 5, 7, 10, 12, 14, 17 and 19) as shown in Table 1. Baseline measures and post-tests were 

performed at day 0 and 21, respectively.  

Table 1: Study overview 

Day -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Activity VO2max    Base

line 
  T  T  T   T  T  T   T  T  Post-

test 

T: training 

At day -2, a VO2 max test was performed in order for the patient to become familiar with the test before the 

first actual test at day 0. The pre-test at day 0 was carried out at least two days before the first training 

session in order to allow patients to recover after the VO2 max test before training. After 8 times of training, 

the post-test was undertaken at day 21, i.e. two days after the last training session in order to avoid any 

acute effect of training. Both baseline and post-test were carried out on Fridays and training days were 

Mondays, Wednesdays and Fridays. The training was scheduled on the time of the day most suitable for the 

patients to limit time-related barriers to participate in training. This was primarily in the mornings or early 

afternoon.  

The pre- and post-tests contained the following: OGTT, blood pressure measurement, weight and fat% 

measurements and VO2 max test. Pretesting also contained a questionnaire about the patients’ daily level of 

physical activity and their medical history.  

2.2.2 Oral Glucose Tolerance Test (OGTT) 

Participants were instructed to continue a normal diet in the days leading up to the test. At the day of 

testing, they should meet fasting (and have fasted for at least 10 hours); and they were asked to take no 

medications that could influence blood glucose levels in the fasting hours (two forgot and they were 

instructed also to take medications prior to the post-test). At baseline, a small blood sample was collected 

by finger prick to determine fasting capillary blood glucose level (Accu-Check ® Aviva, Basel, Switzerland). 

The fingertip was disinfected before the finger prick and the first drop of blood was removed before 

applying a drop of blood in the glucose meter. The participants were then instructed to drink 75 mg of 

glucose (82.5g glucose monohydrate) dissolved into 300 ml of water. Blood samples were collected after 

30, 60, 90 and 120 minutes using finger prick. 

2.2.3 Blood pressure 
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Blood pressure was measured after 10 min of rest in a sitting position. An automatic blood pressure 

monitor was used (Omron, M4-I), and three measures were made. The lowest of the three values was used 

for calculations.   

2.2.4 Weight and fat% 

Weight and fat% were measured on a Tanita® digital scale with bioelectrical impedance (Tanita MC-180MA, 

Tokyo, Japan). The participants were instructed to step on the scale barefooted and to keep the hands with 

the handgrips slightly elevated from the torso.  

2.2.5 VO2max 

Bicycle test was performed on a bike ergometer (Corival Lode, Gronningen, The Netherlands) to exhaustion 

with direct measurement of oxygen consumption by breath-by-breath on Jaeger Masterscreen CPX 

(Intramedic A/S, Lyngby, Denmark). The participants were informed about the test-protocol before 

applying the equipment used for the test. Then there was a 5-min warm-up period on 50-75 watt followed 

by incremental 25 watt intensity increases per minute until exhaustion. The test was considered a VO2max 

if the respiratory exchange ratio (RER) value exceeded 1.10. Otherwise, it was categorised as a VO2peak 

test. 

2.2.6 Physical activity 

Physical activity was assessed by using the Physical Activity Scale (PAS) questionnaire [20]. PAS1 was used 

instead of the PAS2 as not all the participants were working in the daytime. The participants were asked to 

report time spent on different activities on an average weekday before the intervention. These activities is 

categorised into nine different categories with a corresponding metabolic equivalent (1 MET ~1 kcal/kg/h) 

ranging from low to high intensity. A total metabolic equivalent of task (MET) score was calculated as time 

spent on each category multiplied by the corresponding MET, and then all nine categories were added 

together. The categories were sleep (0.9 MET), TV-viewing/reading (1.0 MET), sitting/working (1.5 METs), 

standing up (2.0 METs), light work (3.0 METs), light-to-moderate activity (4.0 METs) moderate activity (5.0 

METs), moderate-to-high activity (6.0 METs) and high-intensity activity (>6 METs). As for the high intensity, 

a level of 7 METs was chosen in this study. 

2.2.7 Training 

The training consisted of 10 x 60 sec work on an indoor exercise bike at an intensity of ~90% of max heart 

rate (HRmax) interspersed by 60 sec of recovery. This training protocol was applied 3 times per week (Mon-

Wed-Fri) with a total amount of eight training sessions. Little et al (2011) have previously described this 

protocol [11]. The HR used for training was calculated based on the max HR found by the VO2 max test at 

baseline and measured by a Polar H7 Smart Bluetooth (Polar, Holte, Denmark). The intensity of 90% of 

HRmax was achieved by adjusting the resistance and/or pedal cadence (the last in the range of 80-110 rpm). 

During the recovery phase, the participants pedalled slowly at a lower intensity (~ 50 watt). Each interval 

was scored on Borg RPE Scale (rate of perceived exertion, RPE), which is a subjective scale where the 

participants’ experience of exhaustion is expressed in a number from 6 to 20. The value 6 is categorised as 

resting and 20 is exhaustion [21]. Perceived enjoyment of HIT was assessed using a 9-point Likert scale 

ranging from 1 (not enjoyable at all) to 9 (very enjoyable). After each training session, the participants were 

asked how enjoyable they would think it would be to engage in 1) a single bout of HIT (10 x 1 min) and 2) 

HIT at least 3 times/wk for the next 4 wk, and they were asked to rank their answers on the 9-point Likert 

scale. After each training session, the patients were encouraged to be seated and recover for a while to 

ensure well-being after training and observe for symptoms related to hypo- and hyperglycaemia.   
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2.3 Statistical analysis  

All analyses were performed using IBM SPSS Statistics software (version 23), and data are presented as 

means ± standard deviation (SD) unless otherwise stated. Changes in baseline and post-test values were 

assessed using the non-parametric alternative to the parametric Student´s t-test (Wilcoxon signed-rank 

test) as the sample size was too low to assume normality. P values <0.05 were considered statistically 

significant 

The measured HR was converted to intensity as percentage of max HR by the following formula: 

(measuredHR/maxHR)*100. The subjective given value on Borg REP scale was converted to intensity by the 

following formula: (given value/max value)*100.   

The participants signed informed consent after receiving written and oral information.  The study was 

presented to the local Ethics Committee but needed no ethical approval. The study was registered with 

Clinicaltrials.gov. 

3 Results 

3.1 Patients characteristics and physical values 

Ten patients (nine men and one woman) with T2D participated in the study. The average age was 56.1 ± 

12.6 years and the diabetes age was 2.7 ± 1.9 years. Based on the PAS, the average MET time for the 

patients was 51.55 ± 14.11 kcal kg-1 h-1. The patients’ physical values at baseline and after eight times of HIT 

are shown in Table 2.  

Three patients reported slightly reduced sensitivity in their feet as a complication of the T2DM. Of the ten 

patients included, only one patient took no medications. The remaining nine patients were on oral 

antidiabetics (of which two were supplemented with multiple daily injections of insulin analogues). 

Furthermore, medications were given for the following comorbidities: elevated cholesterol (six patients), 

hypertension (five patients), atherosclerosis (one patient), hypokalaemia (one patient), reduced 

metabolism (one patient), diuresis (one patient) and arrhythmia (one patient). No patients reported regular 

monitoring of their blood glucose.  

Table 2: Physical values at baseline and after eight times of HIT.   
 Baseline Post-test p-values (Wilcoxon) 
Weight (kg) 108.3 ±14.7 107.5±14.6 0.047 
Total fat (%) 31.83 ±5.8 31.57±5.6 0.173 
Fasting capillary blood glucose 
(mmol/l) 

7.33 ±1.97 6.97 ±1.5 0.185 

2h capillary blood glucose 
(mmol/l) 

10.9 ± 3.5 9.89±3.2 0.047 

VO2 max (l min-1) 2.75 ±0.67 2.76±0.78 0.959 
VO2 max (ml kg-1 min-1) 25.4 ±4.3 25.5±5.4 0.919 
Systolic blood pressure (mmHg) 145 ±16 136±18 0.053 
Diastolic blood pressure 
(mmHg) 

90 ± 10.9 85±10 0.015 

Values are in mean ± standard deviation (SD) 

3.2 Physical activity 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Physical activity measured as mean MET time on an average weekday was 51.55 ± 14.11 kcal/kg/day (range 

35.02 – 82).  

3.3 Compliance and perceived enjoyment 

All the ten recruited patients with T2DM showed 100% compliance on all study parameters. HIT training 

was well tolerated, viz. 6.10±1.23 for the question “How enjoyable would it be to engage in a single bout of 

HIT (10 x 1 min)” and 6.5±1.17 for the other question “How enjoyable would it be to engage in HIT at least 

three times/wk for the next 4 wk”). 

3.4 Intensity 

Figure 1 shows the intensity of training measured by HR as percentage of max HR and the intensity 

calculated by the Borg RPE scale. The average intensity was 85.49±4.92% of HRmax for all participants at all 

intervals. The calculated intensity using RPE was 70.15 ± 13.17 %. 

Figure 1: The mean intensity for each interval measured in percentage of HRmax and percentage of Borg RPE 

scale. 

 

 

3.5 Glycaemic control  

 

Glycaemic control measured by fasting blood glucose and 2h blood glucose at baseline and after eight 
times of HIT are shown in Figure 2.  
Eight times of HIT showed no effect on fasting blood glucose (7.33±1.97 mmol/l to 6.97±1.5 mmol/l. 
p=0.185; Figure 1). Blood glucose measured 2 hours after the glucose load in OGTT showed a significant 
decrease in blood glucose values (10.9 ±3.5 mmol/l to 9.89±3.2 mmol/l p= 0.047; Figure 2). 
 
Figure 2: Glycemic control measured as fasting blood glucose concentration and 2h blood glucose 

concentration. Measured at baseline and after eight times of training.  
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Figure 2: 2 hour blood glucose baseline 10.9 ±3.5 mmol/l and posttest 9.89±3.2 mmol/l. P = 0.047. Fasting blood glucose baseline 

7.33 ±1.97 mmol/l and post-test 6.97 ±1.5 mmol/l. P=0.185 

 

3.6 Blood pressure 

 

Figure 3 displays the diastolic and systolic blood pressure measured at baseline and after eight times of HIT.  
It can be seen in the figure that HIT caused a reduction in diastolic blood pressure (90 ± 10.9mmHg to 
85±10mmHg. p=0.015), whereas no change was observed in the systolic pressure (145 ±16mmHg to 
136±18mmHg. p=0.053) (Figure 3)  
 

Figure 3: Blood pressure measured at baseline and after 8 times of HIT 

 

Figure 3: Diastolic blood pressure baseline 90±10.9 mmHg and post-test 85±10 mmHg. P=0.015. Systolic blood pressure baseline 

145±16 mmHg and post-test 136±18 mmHg. P=0.053 
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3.7 Body composition 

  

Post-test revealed a significant decrease in weight from 108.3±14.7 kg to 107.5±14.6 kg (p=0.047) after 
eight times of HIT. Total fat percent showed no change (31.83 ±5.8% to 31.57±5.6. p= 0.173) (Table 2). 
 
4 Discussion 

This is to our knowledge the first study reporting the effect of HIT using simple, non-invasive methods that 

have the potential to be applied in the daily life of patients with T2DM by the patients themselves. 

The aims of the study were to investigate to which extent a short period of HIT can improve cardio-

metabolic status in patients with T2DM using simple self-testing methods, and to investigate these 

patients’ compliance with HIT. 

We observed significant improvements in key parameters such as 2h-glucose, weight and diastolic blood 

pressure after only eight times of HIT. We also observed a high HIT training compliance.  

4.1 Physical activity 

Using PAS, the participants scored 51.55 ± 14.11 kcal/kg/day which is a more than adequate physical 

activity level and well above the general suggested threshold of 45 kcal/kg/day that corresponds to a 

moderate physical activity level [22]. However, the PAS level was based on a self-reporting questionnaire; 

and it is likely that these self-reported measures were overestimated as the cardiorespiratory fitness 

measures showed only low-to-very-low scores related to age according to the chart of Astrand [23]. This 

presumption is further supported by Thomas et al (2004), who showed that 67% of a sample size of 406 

patients with T2DM was categorised as inactive [24]. Therefore, either we have recruited very active 

participants, or they have overestimated the level of their physical activity in the questionnaire; we believe 

that the latter explanation is the more likely one in light of their VO2 max values. 

4.2 Exercise capacity 

In the present study, HIT intensity was scored lower by the RPE as shown in Figure 1, which is a subjective 

measure, than by HR, which is an objective measure. These findings are in agreement with earlier studies 

reporting an increased risk of exercising at higher intensity when using RPE in patients with T2DM [25] and 

a low validity by using RPE in indoor cycling [26]. This discrepancy between RPE and HR measures was 

particularly outspoken in the first intervals. Altogether, this indicates that HR is more valid than RPE for 

measuring intensity and preventing exercising at a too high intensity.  

4.3 Glycaemic control 

We found a marked difference between the degree of glycaemic control assessed by fasting blood glucose 

(Figure 2) which remained constant (baseline: 7.33±1.97 mmol/l; post-test: 6.97±1.5 mmol) and 2h OGTT 

(baseline: 10.9±3.5 mmol/l; post-test: 9.89±3.2) which decreased significantly (P = 0.047). Previous studies 

report divergent results of HIT on fasting blood glucose [12,16–19]. These discrepancies could be rooted in 

the general limitation associated with using fasting blood glucose as a measure of glycaemic control, viz. 

that the fasting blood glucose level depends on the food ingested one or more days before the level is 

measured [27] .  

One possible solution to this challenge could be to control food intake on the day or the days leading up to 

test days, but this approach does not resemble everyday life and cannot be easily integrated into daily 

routines, wherefore we deselected this option.   
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We chose to use the OGTT, because it is less prone to reflect the impact of previous food intake than 

fasting blood glucose. Although OGTT outperforms fasting blood glucose in terms of reliability, only few 

studies have used the OGTT to evaluate the effect of HIT, and their results are conflicting. One study found 

a significant decrease in 2h glucose [12] after 8 weeks of using the same protocol as in the present study. 

Another study reports no effect after 12 weeks using a different training protocol [16].  OGTT simply 

depicts the change in blood glucose after a glucose challenge and does not explain the physiological and 

pathophysiological mechanisms behind. It is therefore often supplemented with other tests with more 

explanatory power, e.g. the HOMA-index [12,16,18] and biopsy [28]. However, in the present study, we 

wished to examine the effect of HIT using relatively simple methods and not to explore the mechanisms 

behind the effect, wherefore these other tests were deselected.  

We also deselected other methods like HbA1c, which is often used to measure long-term control of blood 

glucose, or continuous glucose monitoring (CGM) as used by Little et al (2011) [11]. We chose not to use 

HbA1c, which reflects the average glucose concentration over the past 8 to 12 weeks [29], because the 

training period in the present study was only 2.5 weeks and we therefore could not expect to find an effect 

on HbA1c. Furthermore, measuring the HbA1c is not doable at home by the patients themselves because 

laboratory equipment is needed. Retrospectively, a baseline HbA1c would have been appropriate to 

describe the patient’s diabetes-status at baseline; however, this was not included as the aim of the study 

was to examine the effect of HIT by using simple methods. We considered using CGM, which might have 

shown improvements in the present study as was the case in the study of Little et al (2011) [11], who used 

the same training protocol and almost the same duration. However, CGM requires training and 

considerable knowledge making this method more complicated than OGTT, which can be carried out by the 

patients themselves at home with the use of a glucose solution and blood from a finger prick. In addition, 

the result from OGTT can easily be interpreted.  

4.4 Blood pressure 

In the present study, the diastolic blood pressure was decreased significantly (baseline: 90±10.9 mmHg; 

post-test: 85±10 mmHg. P=0.015), whereas the systolic pressure showed no change (baseline: 145±16 

mmHg; post-test: 136±18 mmHg). Other studies show diverging results concerning changes in blood 

pressure. One study found a decrease in both pressures, possibly due to a longer training period [12]; 

another showed no lowering effect on blood pressure after 12 weeks of HIT [16] even though the baseline 

values were almost similar in the two studies, and in both cases close to normal. Alvarez et al (2016) found 

only a decrease in systolic blood pressure after 16 weeks of training [19], whereas in the present study, a 

significant decrease was found in diastolic pressure. An explanation for this disparity between the results of 

our study and those of others could be a higher starting value in the diastolic pressure in the present study 

(90 ± 10,9 mmHg) than in the study by Alvarez et al (2016) (77 ± 1 mmHg) [19]. Altogether, the results of 

the impact of HIT on blood pressure show inconsistency, and further studies are recommended to clarify 

this issue.  

4.5 Body composition 

In the present study, we detected no change in fat%, but a significant decrease in weight (baseline: 

108.3±14.7 kg; post-test: 107.5±14.6 kg. P=0.047). Other studies report variable effects of training on fat 

percentage and weight. Some show a positive effect on both weight and fat% [12,17], whereas others show 

an effect only on fat% [16] or weight [19]; and others again found no loss of either fat or weight [11,18]. 

The diversity in findings could be attributed to the diversity in methods applied. The present study 

specifically deploys simple methods, which, of course, all things equal will be less reliable than the DXA, 
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which is estimated to be a very valid measure (Prior, 1997). Still the present study used bioelectric 

impedance because of its feasibility. Furthermore, it was not expected to measure a change in fat% in the 

present study due to the short training period.  

4.6 Compliance 

In the present study, training compliance reached 100%. This high level of compliance largely corresponds 

with levels reported by other studies which used different HIT protocols and different durations of training 

period (2 weeks to 12 weeks) [11,12,16,18,30,31]. Altogether, this implies a high feasibility of HIT.  

The present study scored lower than the study of Little et al. on the fondness of HIT (6.10±1.23 vs. 8.1±1.0 

and 6.5±1.17 vs 7.9±1.0 in the two questions, respectively), but together the results indicate a fairly good 

response towards HIT.  

4.7 Limitations 

A measure of caution is required when interpreting the results of the present study. The sample size is too 

small to make conclusions generalizable to the entire population of patients with T2DM, and more studies 

with larger sample sizes are therefore needed to establish the effect. Furthermore, the duration of the 

training period was very short (only eight times of training); even so, we found that HIT did have a 

beneficial effect. This suggests that the effect of HIT can be ascertained very quickly, even when measured 

by simple methods. Though, it should also be taken into consideration that the included patients’ fasting 

and 2h glucose concentrations indicated a relatively good glycaemic control already at baseline.  

We also speculate that patients may find it easier to commit themselves to a short 2.5-week HIT training 

schedule without losing enthusiasm, and that compliance would decline if the HIT training schedule was 

considerably longer.  

The methods for monitoring HIT training progress in this study were chosen with a view to their potential 

use in the patients’ daily lives. We therefore deliberately deselected golden standard methods otherwise 

used to measure the effect of training on blood glucose control, e.g. biopsies, venous blood samples, 

clamps, etc.  

In patients with diabetes (both type 1 and 2) taking insulin, hypoglycaemia is a risk factor during and after 

training [32]. Performing intense training as HIT can cause post-training hyperglycaemia in patients with 

type 1 diabetes [33]. In the present study, no blood glucose was measured after training and neither a 

hypo- nor a hyperglycaemic status could therefore be detected in the two patients using insulin analogues. 

Though, no symptoms were detected in the recovery state immediate after training or reported from the 

patients between training sessions regarding this issue. Still, this aspect should be taken into considerations 

in future studies   

4.8 Perspectives 

We found that patients themselves may monitor HIT progress; and we speculate that this will increase their 

overall compliance with training. However, the practicality of self-monitoring relies on the patient’s ability 

to use the simple methods and to interpret the results. Using this approach should therefore include 

thorough education both in the use of these methods, the frequency of measuring and how to understand 

the results. This should be addressed in future studies. Further studies into the link between patient 

empowerment and how own responsibility reflects on training compliance are warranted. Further studies 

are also needed to study the usability of OGGT as a method performed by the patients themselves.  
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5 Conclusion 

In conclusion, this study shows beneficial improvements in factors relating to T2DM after performing HIT 

only eight times. These improvements were shown by the use of simple methods that are easily transferred 

into daily life, giving patients with T2DM the opportunity to monitor effects to HIT and thereby increase 

their compliance to training. Further studies are needed to examine if the effect from this study can be 

replicated in a larger scale. Also, there are diverging results from different studies concerning fat% and 

blood pressure, among others, and the effect of HIT on these factors needs to be studied further. 
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Highlights  

• Simple self-testing methods could be used to measure improvements after 8 times of HIT 

• HIT improved 2h blood glucose concentration, diastolic blood pressure and weight 

• HIT was well-tolerated, and no adverse events were recorded 

 


