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High intensity interval training (HIIT) produces small 3 

improvements in fasting glucose, insulin, and insulin resistance in 4 

sedentary older men but not masters athletes. 5 
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Abstract 1 

The aim of the present investigation was to investigate whether 6 weeks' high intensity 2 

interval training (HIIT; 6 x 30 s sprints at 40% peak power, once every five days) preceded 3 

by 6 weeks' aerobic preconditioning would affect fasting insulin, glucose, and the 4 

homeostatic model assessment of insulin resistance (HOMA1-IR) in older men. A secondary 5 

aim was to establish whether lifelong exercisers (LEX) exhibited improved fasting insulin, 6 

glucose, and HOMA1-IR, compared to sedentary older males (SED). Twenty-two males (62 7 

± 2 years) comprised the SED group and 17 males (60 ± 5 years) were enrolled as LEX. 8 

Participants were tested at phase A (baseline), B (after preconditioning), and C (post-HIIT). 9 

There was no effect of time (P=0.116) or interaction (P=0.727) on insulin. However, there 10 

was an effect of group (P<0.001). In terms of magnitude, HIIT induced a small decrease in 11 

SED insulin compared to baseline (15.8 ± 8.1 uIU·ml-1 at baseline and 14.0 ± 7.8 uIU·ml-1 12 

post-HIIT; Cohen’s d=0.23) and compared to post-preconditioning (17.5 ± 9.7 uIU·ml-1; 13 

Cohen’s d=0.40). LEX insulin was unchanged throughout (all differences were trivial). 14 

Insulin was lower in LEX than SED at phase A (P<0.001, Cohen’s d=1.31), B (P=0.023, 15 

Cohen’s d=0.78), and C (P=0.004, Cohen’s d=1.01). There was no effect of time (P=0.290), 16 

group (P=0.166), or interaction (P=0.153) for glucose. In terms of magnitude, HIIT produced 17 

a small reduction in SED glucose compared to baseline (5.7 ± 1.3 mmol·l-1 at baseline and 18 

5.3 ± 0.9 mmol·l-1 post-HIIT; Cohen’s d=0.36), and compared to phase B (5.6 ± 0.8 mmol·l-1; 19 

Cohen’s d=0.35). LEX glucose was unchanged throughout (all changes were trivial). SED 20 

had moderately higher blood glucose than LEX at phase A (Cohen’s d=0.49), and B (Cohen’s 21 

d=0.63), but only a trivial difference existed at phase C (Cohen’s d=0.15). There was no 22 

effect of time (P=0.110), or interaction (P=0.569) on HOMA1-IR. However, there was an 23 

effect of group (P=0.002). In terms of magnitude, SED HOMA1-IR was unchanged from 24 

phase A to B (4.2 ± 3.0 and 4.5 ± 2.9 arbitrary units respectively [Cohen’s d=0.10]). 25 

However, at C (3.5 ± 2.6) there was a small decrease compared to B (Cohen’s d=0.36), and A 26 

(Cohen’s d=0.25). LEX experienced a small increase in HOMA1-IR from phase A to B (1.6 27 

± 1.3 and 2.3 ± 2.8 respectively [Cohen’s d=0.32]), followed by a small decrease from B to C 28 

(1.7 ± 1.1 at phase C [Cohen’s d=0.28]), and a trivial change from A to C (Cohen’s d=0.08). 29 

HOMA1-IR was lower in LEX than SED at baseline (P=0.002, Cohen’s d=1.12), after 30 

preconditioning (P=0.024, Cohen’s d=0.77), and post-HIIT (P=0.014, Cohen’s d=0.90). 31 

Results of this study provide preliminary evidence that HIIT preceded by preconditioning 32 

results in small improvements in fasting insulin, glucose, and HOMA1-IR in SED. Yet, a 33 

larger confirmatory study is required to determine whether these effects translate into a larger 34 

sample. 35 

 36 
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1 Introduction 1 

Typically, fasting blood glucose increases with age (O'Sullivan, 1974). Therefore, age is a 2 

risk factor for impaired fasting blood glucose (IFG; 6.1-6.9 mmol·l-1), and diabetes (Canadian 3 

Diabetes Association Clinical Practice Guidelines Expert et al., 2013). However, Amati and 4 

colleagues (2008) compared athletic and non-athletic young and old populations and 5 

observed athletic populations were more insulin sensitive than sedentary individuals, who 6 

were more insulin sensitive than obese individuals. Thus, these authors concluded that 7 

physical activity and adiposity, rather than age per se underlie insulin resistance. Yet, 8 

physical inactivity increases with age and thus type 2 diabetes prevalence increases with age 9 

peaking at 60–74 years. Shaw et al. (2010) estimated the number of 60-79 year old diabetics 10 

will increase from ~110 million worldwide to ~200 million worldwide from 2010 to 2030. 11 

Despite the importance of appropriate glycemic control, mechanisms which result in 12 

hyperglycemia are complex (Fujimoto et al., 2003; Bano, 2013; Forbes and Cooper, 2013; 13 

Kerner et al., 2014; Hargreaves, 2015). Insulin resistance is the decreased response of tissue 14 

(particularly hepatic, skeletal muscle, and adipose) to insulin actions and often precedes onset 15 

of hyperglycemia and predicts development of type 2 diabetes (Bajpeyi et al., 2009; Slentz et 16 

al., 2009; Beale, 2013). As tissues becomes resistant to insulin (i.e. less insulin sensitive), 17 

insulin is unable increase tissue glucose uptake, which results in elevated blood glucose. 18 

Fasting glucose and insulin are commonly assessed in blood plasma, whilst insulin sensitivity 19 

and resistance can be examined using the hyperinsulinemic euglycemic clamp which is the 20 

gold standard. However, the complicated measure of this technique resulted in the 21 

development of the Homeostatic Model Assessment (HOMA) which uses fasting blood 22 

glucose and insulin to estimate insulin resistance (HOMA1-IR) and β-cell function (HOMA1-23 

%B), and correlates well with results from clamp studies (Matthews et al., 1985). 24 

 25 

Exercise training is an effective method to improve fasting glucose (Cassidy et al., 2017; 26 

Sogaard et al., 2017). Leskinen et al. (2013) provided evidence of improved glucose 27 

homeostasis in active individuals, by reporting active twins with greater leg strength and 28 

muscle mass had lower fasting glucose than their inactive sibling (5.1 vs 5.6 mmol·l-1). 29 

Although active individuals exhibit improved fasting glucose compared to sedentary 30 

individuals (thus suggesting exercise is important for glucose homeostasis), the most 31 

effective exercise intensity for glucose homeostasis remains controversial. Moderate intensity 32 

aerobic training has shown to be more effective at improving insulin sensitivity (Bajpeyi et 33 

al., 2009; Slentz et al., 2009) and beta cell function (Slentz et al., 2009) than an equivalent 34 

energy expenditure of vigorous exercise in some instances. Conversely, O'Donovan and 35 

colleagues (2005) compared work-matched high intensity (80% peak oxygen uptake 36 

[VO2peak]) and moderate intensity (60% VO2peak) training over 24 weeks in healthy non-37 

diabetic, non-obese individuals and observed no difference in glucose, insulin, or HOMA-IR, 38 

suggesting no effect of intensity. These data are supported by Hoummard et al. (2004) who 39 

reported a greater improvement in insulin sensitivity in overweight/obese sedentary 40 

individuals with exercise ~170 min·wk-1 compared to ~115 min·wk-1 of equal intensity. 41 

However, the phenomenon of a larger exercise 'dose' resulting in greater glucoregulation is 42 

not consistent in all experiments (DiPietro et al., 2006; Kang et al., 1996). For example, a 43 

meta-analysis performed by Jelleyman et al. (2015) found that high intensity interval training 44 

(HIIT) was superior to moderate intensity continuous exercise (and no exercise controls) for 45 

improving insulin resistance, yet not different with regards to fasting glucose and insulin. 46 

One implication from this study may be that HOMA1-IR adds information beyond that of 47 

fasting insulin and glucose as HOMA1-IR integrates the metabolic interdependence between 48 

glucose and insulin, offering a measure of their relative equilibrium (Wallace et al. 2004). 49 

One important finding of the meta-analysis was that improved insulin resistance diminished 50 
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as the time since the last exercise session increased. This could be one drawback of low 1 

volume HIIT, due to its promotion as a time-efficient method to improve cardiometabolic 2 

health (Gillen and Gibala, 2014; Cassidy et al., 2017; Yasar et al., 2019). If insulin sensitivity 3 

is impaired during multiple non-exercising hours or days, it is not an appropriate strategy to 4 

improve glucose homeostasis. 5 

 6 

Whilst the effect of aerobic exercise in adults is clearly beneficial for glucose homeostasis 7 

(Bajpeyi et al., 2009; Jelleyman et al., 2015; Slentz et al., 2009), and recent evidence suggests 8 

HIIT may be efficacious for improving insulin resistance in young populations (Roberts et al. 9 

2013; Marson et al. 2016), there is a paucity of data concerning the influence of HIIT on 10 

fasting glucose, fasting insulin, and HOMA1-IR in older adults. Therefore, the aims of the 11 

present investigation were 1) to determine whether HIIT preceded by preconditioning 12 

exercise would impact fasting insulin, glucose, and HOMA1-IR in sedentary older men, 2) to 13 

investigate the influence of reduced training volume, yet increased training intensity on these 14 

parameters in masters athletes, and 3) to establish whether masters athletes exhibited superior 15 

fasting insulin, glucose, and HOMA1-IR compared to sedentary controls. We hypothesized 16 

that: 1) six weeks of HIIT, preceded by 6 weeks of preconditioning would improve fasting 17 

insulin, glucose, and HOMA1-IR in sedentary aging men, 2) masters athletes would 18 

experience no change to fasting insulin, glucose, and HOMA1-IR following reduced volume 19 

HIIT, and 3) fasting insulin, glucose, and HOMA1-IR would be superior in masters athletes 20 

compared to sedentary older male. 21 

  22 

2 Materials and Methods 23 

2.1 Participants 24 

Following approval to exercise by their general practitioner, participants provided written 25 

informed consent prior to the study which was approved by the institutional ethics committee 26 

(this study protocol has been previously published in full detail [see Grace et al. 2015]). 27 

Twenty-two males comprised the lifelong sedentary group (SED), and seventeen males were 28 

enrolled as lifelong exercisers (LEX) and acted as a positive control group (Table 1). The 29 

SED had not exercise routinely for >30 years although some had manual jobs which explains 30 

the relatively high VO2peak for sedentary individuals. The LEX group were highly active 31 

exercisers and had been so for the previous >30 years and were active masters national 32 

competitors in sports including triathlon, athletics, track cycling, road cycling, water-polo, 33 

and racquet sports. However, they were HIIT-naïve. On assessment days, participants arrived 34 

in the laboratory between 07.00–09.00 h, following an overnight fast and having abstained 35 

from strenuous exercise for >48 h. Participants were reminded to maintain standardized 36 

conditions prior to each assessment point which included arriving in a hydrated state having 37 

abstained from caffeine and alcohol consumption for 36 h. 38 

 39 

Table 1: Participant characteristics at baseline. SED = lifelong sedentary older males. LEX = 40 

lifelong exercising older males. VO2peak = Peak oxygen uptake. *Different to SED at the 41 

P<0.05 level. 42 

 SED (n=22) LEX (n=17) 

Age (years) 62 ± 2 (range 55-74) 60 ± 5 (range 53-71) 

Stature (cm) 175 ± 6 173 ± 6 

Mass (kg) 91 ± 16 78 ± 12* 

BMI (kg·m2) 29.5 ± 4.9 26.0 ± 2.5* 

Fat free mass (kg) 67 ± 7 65 ± 6 

Body fat percentage (%) 24 ± 17 16 ± 6* 

VO2peak (ml∙kg∙min-1) 28 ± 6 39 ± 6* 
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Peak power output (W) 699 ± 173 766 ± 163* 

Peak power output (W∙kg-1) 7.7 ± 1.6 9.7 ± 1.8* 

 1 

2.2 Blood draws and analysis 2 

Blood samples were collected at phase A, B, and C between 07:00-09:00 h, 48-72 hours 3 

following the last exercise session as previously described (Hayes et al., 2015; Hayes et al., 4 

2017; Herbert et al., 2017b). Samples were collected using a 21-gauge disposable needle 5 

equipped with Vacutainer tube holder (Becton Dickinson, Oxford, UK) following an 6 

overnight fast and 20 min supine rest. Blood was drawn from the antecubital vein, by the 7 

same phlebotomist. Approximately 14 mL of blood was drawn into two 10 mL serum 8 

separator tubes and allowed to clot at room temperature before being centrifuged at 6,000 9 

rpm at 15°C for 15 min. Resultant serum was divided into appropriate aliquots and stored in a 10 

-80°C freezer until analysis. Concentrations of insulin and glucose were measured by 11 

electrochemiluminescent immunoassay on the E601 module of the Roche Cobas 6000 12 

(Burgess Hill, West Sussex, U.K.). Inter- and intra-assay coefficients of variation (CV) over a 13 

6-month period were <5%. Analysis was conducted in the Clinical Biochemistry Laboratory 14 

at Royal Glamorgan Hospital (Wales, UK). HOMA1-IR was calculated using the following 15 

equation: HOMA1-IR = insulin x glucose ÷ 22.5 (Singh and Saxena, 2010). 16 

 17 

2.3 Body composition 18 

Stature was measured to the nearest 0.1 cm using a stadiometer (Seca, Birmingham, UK), and 19 

body mass and body composition was determined by a multi frequency bioelectrical 20 

impedance analyzer (BIA [Tanita MC-180MA Body Composition Analyzer, Tanita UK 21 

Ltd.]). GMON software (v1.7.0, Tanita UK Ltd.) was used to determine absolute and relative 22 

body fat. Fat free mass (FFM) was calculated by subtracting fat mass from total body mass. 23 

 24 

2.4 Peak oxygen uptake and Peak power output 25 

Peak oxygen uptake was determined using a Cortex II Metalyser 3B-R2 (Cortex, Biophysik, 26 

Leipzig, Germany) and a modified Storer Test (Storer et al., 1990) as previously described 27 

(Knowles et al., 2015). Expiratory airflow was achieved using a volume transducer (Triple 28 

V® turbine, digital) connected to an oxygen (O2) analyzer. Expired gases were analyzed for 29 

O2 with electrochemical cells and for carbon dioxide CO2 output with an infrared analyzer. 30 

The Metalyser was calibrated according to manufacturers’ guidelines prior to each test. After 31 

a 60 min warm-up period, the O2 and CO2 sensors were calibrated against environmental air 32 

in addition to reference gas of known composition (5% CO2, 15% O2, and 80% N2) with 33 

volume calibrated by five inspiratory and expiratory strokes using a 3 L pump. Five minutes 34 

of warm-up exercise preceded a ramped protocol until volitional exhaustion on an air-braked 35 

cycle ergometer (Wattbike Ltd., Nottingham, UK). Saddle height was adjusted relative to the 36 

crank position and the foot was secured to a pedal with clips and participants knee joint at 37 

almost full extension (approx. 170-180°). Participant cadence during familiarization trial 38 

dictated the cadence (either 70, 75, 80, or 85 rpm) to be maintained throughout the test. 39 

Participants warmed up on resistance setting level 1 (75 rpm = 100 W) at the cadence they 40 

would use in the test. During the ramped protocol, work-rate was increased each minute by 41 

raising the damper setting by one (equating to 18 W) until volitional exhaustion was 42 

achieved. Breath by breath oxygen uptake (VO2), carbon dioxide production (VCO2) 43 

respiratory exchange ratio (RER), and minute ventilation (VE) were displayed continuously. 44 

Heart rate (HR) was recorded every 5 s using short-range telemetry (Polar T31, Kempele, 45 
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Finland). Participants rated perceived exertion (RPE) using the Borg scale (1970), which was 1 

recorded during the last 10 s of each 1 min stage. Fingertip blood lactate (BLa) samples were 2 

collected into a portable automated lactate analyser (Lactate Pro, Arkray, Inc., Kyoto, Japan) 3 

within 45 s and again 5 min following the termination of the test. Time to VO2peak was 8:26 ± 4 

1:45 min (7:18 ± 1:25 min and 9:04 ± 1:52 min for SED and LEX respectively). VO2peak was 5 

confirmed when participants achieved a minimum of any three of the following criteria: RER 6 

>1.10, peak HR within 10 b·min-1 of age predicted maximum, [BLa] above 8 mmol·L-1, final 7 

RPE >18 on Borg scale. 8 

 9 

Peak power output (PPO) was established using the 6 s Herbert test (Herbert et al., 2015b) on 10 

an air-braked cycle ergometer (Wattbike Ltd., Nottingham, UK), which consists of a maximal 11 

6 s sprint from a standing start. Order of measurement was; blood sampling, body 12 

composition, PPO determination, and VO2peak assessment. 13 

 14 

2.5 Exercise Training 15 

Training is reported in accordance with the consensus on exercise reporting template (CERT) 16 

(Slade et al., 2016). To account for the contribution of aerobic conditioning exercise in SED, 17 

participants were tested at three phases (A, B, and C; Figure 1) which were interspersed with 18 

two six weeks training blocks (12 weeks training in total). As preconditioning, (training block 19 

1), six-weeks’ training that reflected the ACSM guidelines of 150 mins·wk-1 of moderate to 20 

vigorous exercise was prescribed to SED. SED completed a minimum of two sessions per 21 

week in accordance with the ACSM guidelines for older persons (Garber et al., 2011). 22 

Participants were given verbal instructions on the use of a Polar FT1 heart rate monitor 23 

(Polar, Kempele, Finland) and exercise intensities were self-monitored, enabling recording of 24 

exercise time, and average and peak heart rate (exercise was unsupervised, but heart rate was 25 

checked). The aim was to achieve an average heart rate reserve (HRR [Karvonen et al. 1957]) 26 

of approximately 55% for the first two weeks of the intervention. This was increased to 60% 27 

HRR for the subsequent weeks including 5-10 s of increased intensity (prescribed as 28 

'vigorous' in line with the ACSM guidelines [Garber et al., 2011]) every 10 min. The final 29 

two weeks included brief periods of exercise which elicited a HRR of 60-65% every 5 min. 30 

The mode of training was optional, and included walking, jogging, and cycling. During the 31 

six-weeks of preconditioning, SED exercised for 160 ± 15 min·wk-1. Heart rate was recorded, 32 

using %HRR as a determinant of exercise intensity. Exercise training logs, including heart 33 

rate data, were submitted to the research team on a weekly basis to ensure participants 34 

adhered to instructions. If required, interventions were amended, ensuring intensity and 35 

duration were achieved. No nonexercise component (e.g. dietary guidance) was provided and 36 

no adverse events occurred, according to self-reporting, when questioned at each training 37 

session by the lead researcher. Whilst SED underwent preconditioning, LEX maintained their 38 

habitual training (unsupervised) which totalled 281 ± 144 min·wk-1 structured training. 39 

Exercise type, frequency, intensity (recorded by heart rate telemetry), and duration of training 40 

was recorded. 214 ± 131 min·wk-1 and 67 ± 52 min·wk-1 was spent at <65% heart rate reserve 41 

[HRR]), and >65% HRR respectively. 42 

 43 

Both groups underwent HIIT from phase B to C (training block 2). HIIT was performed on a 44 

cycle ergometer (Wattbike Ltd., Nottingham, UK) every five days, for six weeks (nine 45 

sessions in total). Rationale for this frequency comes from our previous work which 46 
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identified five days of rest was required for recovery of peak power output (PPO) following 1 

HIIT in older males (Herbert et al., 2015a). Sessions consisted of 6 x 30 s sprints at 40% 2 

PPO, with a cadence between 75 rpm and 100 rpm, interspersed with 3 min active recovery. 3 

Rationale for this intensity comes from our previous work which demonstrated this protocol 4 

achieved >90%HRR in a similarly aged cohort, and achieved improvements in muscle power 5 

(Sculthorpe et al., 2017) which is imperative in aging cohorts (Manini and Clark, 2012). 6 

Sessions were conducted in groups of 4-6, supervised by a member of the research team in an 7 

exercise physiology laboratory. HIIT was conducted according to participants' availability, 8 

but primarily during traditional working hours (i.e. 09.00-17.00 h). No adverse events were 9 

reported, and no nonexercised component (i.e. nutritional guidance) was provided. During 10 

this phase, HIIT was the sole exercise performed by both groups. 11 

 12 

 13 
Figure 1: The CONSORT (Consolidated Standards of Reporting Trials) flow chart depicting 14 

transition of lifelong sedentary (SED) and lifelong exercising (LEX) participants though the 15 

study. HIIT = high intensity interval training.  = blood draw. 16 

 17 

 18 
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2.6 Statistical Analysis 1 

Data were analyzed using Jamovi version 1.2.2.0. Following a Shapiro-Wilk test of normality 2 

and Levene’s test for homogeneity of variance, a 2 x 3 (group [SED, LEX] x time [phase A, 3 

B, C]) repeated measures analysis of variance (ANOVA) was conducted to test for 4 

differences between groups and time points. Where sphericity was violated, Greenhouse-5 

Geisser corrections were applied. Where a main effect or interaction effect was observed, 6 

one-way ANOVA with posterori T-test and Bonferroni correction was conducted to 7 

determine differences between phase A, B, and C, and a posterori T-test with Bonferroni 8 

correction was conducted to determine differences between SED and LEX at a given testing 9 

phase. Relationships between variables was determine using Pearson’s product-moment 10 

correlation coefficient. Alpha level was not set dichotomously as 'significant' or otherwise as 11 

recommended by the American Statistical Association (Hulbert et al., 2019). Effect size for 12 

paired comparisons was conducted using Cohen's d whereby the difference in means between 13 

two samples was divided by the pooled standard deviation (SD). Thresholds of 0.2, 0.5, and 14 

0.8 for small, moderate, and large effects were used for Cohen's d (Cohen, 1988). All data 15 

were normally distributed. Data are presented as mean ± SD in text and figures are presented 16 

as grouped dot plots, as recommended by Drummond and Vowler (2012).  17 

 18 

3 Results 19 

Adherence was 100%. To allow for comparison with other literature, training intensities were 20 

compared with power at VO2peak. In most cases, 40% PPO exceeded power at VO2peak; in 4 21 

cases (1 SED; 3 LEX), it exceeded 90% of power at VO2peak (92; 92; 96; 98% respectively). 22 

In SED, training intensity was 279 ± 69 W, which was 141 ± 27% of power at VO2peak. In 23 

LEX, training intensity was 306 ± 65 W, which was 126 ± 22% of power output at VO2peak.  24 

 25 

3.1 Insulin 26 

There was no effect of time (P=0.116) or interaction (P=0.727) on insulin (Figure 2). 27 

However, there was an effect of group (P<0.001). When examining the SED group alone, 28 

there was no effect of time (P=0.170). SED insulin was unchanged from phase A to B (15.8 ± 29 

8.1 and 17.5 ± 9.7 uIU·ml-1 respectively [Cohen’s d=0.19]). From phase B to C there was a 30 

small decrease (14.0 ± 7.8 uIU·ml-1 at phase C [Cohen’s d=0.40], and the decrease from A to 31 

C was also small (Cohen’s d=0.23). When examining the LEX group alone, there was no 32 

effect of time (P=0.907). LEX insulin was unchanged from phase A to B (6.9 ± 5.1 and 7.3 ± 33 

5.4 uIU·ml-1 respectively [Cohen’s d=0.08]), B to C (7.4 ± 4.5 uIU·ml-1 at phase C [Cohen’s 34 

d=0.02]), and A to C (Cohen’s d=0.10). Insulin was lower in LEX compared to SED at phase 35 

A (P<0.001, Cohen’s d=1.31), B (P=0.023, Cohen’s d=0.78), and C (P=0.004, Cohen’s 36 

d=1.01).  37 

 38 

3.2 Glucose 39 

There was no effect of time (P=0.290), group (P=0.166), or interaction (P=0.153) for glucose. 40 

When examining the SED group alone, there was no effect of time (P=0.057).  SED glucose 41 

remained unchanged from phase A to B (5.7 ± 1.3 and 5.6 ± 0.8 mmol·l-1 respectively 42 

[Cohen’s d=0.09]). There was a small decreased in SED glucose from phase B to C (5.3 ± 0.9 43 

mmol·l-1 at phase C [Cohen’s d=0.35], and SED glucose at phase C was lower than at phase 44 

A (Cohen’s d=0.36).  Furthermore, 3/22, 3/22, and 2/22 from the SED group presented with 45 

IFG (6.1-6.9 mmol·l-1) at phase A, B, and C respectively. 3/22, 2/22, and 1/22 presented with 46 

fasting blood glucose ≥7 mmol·l-1 (diabetic) at phase A, B, and C respectively. As such, 6/22 47 

5/22, and 3/22 presented with blood glucose >6 mmol·l-1 at phase A, B, and C respectively. 48 

When examining the LEX group alone, there was no effect of time (P=0.949). LEX 49 

experienced no change in glucose from phase A to B (5.2 ± 0.6 and 5.2 ± 0.4 mmol·l-1 50 
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respectively [Cohen’s d=0.05]), B to C (5.2 ± 0.3 mmol·l-1 at phase C [Cohen’s d=0.04]), or 1 

A to C (Cohen’s d=0.03). Furthermore, 2/17, 0/17, and 0/17 from the LEX group presented 2 

with IFG at A, B, and C respectively, whilst none were considered diabetic at any stage. SED 3 

had moderately higher blood glucose than LEX at phase A (Cohen’s d=0.49), and B (Cohen’s 4 

d=0.63), but only a trivial difference existed at phase C (Cohen’s d=0.15). 5 

 6 

3.3 HOMA1-IR 7 

There was no effect of time (P=0.110), or interaction (P=0.569) on HOMA1-IR. However, 8 

there was an effect of group (P=0.002). When examining the SED group alone, there was no 9 

effect of time (P=0.112). SED HOMA1-IR was unchanged from phase A to B (4.2 ± 3.0 and 10 

4.5 ± 2.9 arbitrary units respectively [Cohen’s d=0.10]). However, at C (3.5 ± 2.6) there was 11 

a small decrease compared to B (Cohen’s d=0.36), and A (Cohen’s d=0.25). When examining 12 

the LEX group alone, there was no effect of time (P=0.961). LEX experienced a small 13 

increase in HOMA1-IR from phase A to B (1.6 ± 1.3 and 2.3 ± 2.8 respectively [Cohen’s 14 

d=0.32]), followed by a small decrease from B to C (1.7 ± 1.1 at phase C [Cohen’s d=0.28]), 15 

and a trivial change from A to C (Cohen’s d=0.08). HOMA1-IR was lower in LEX than SED 16 

at phase A (P=0.002, Cohen’s d=1.12), B (P=0.024, Cohen’s d=0.77), and C (P=0.014, 17 

Cohen’s d=0.90). 18 

 19 
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 1 
Figure 2: (upper panel) insulin, (middle panel) glucose, and (lower panel) HOMA1-IR, in 2 

a group of sedentary (SED) and lifelong exercising (LEX) older males. Data are presented as 3 

mean ± SD, plus individual data points. *Denotes differences between groups at this 4 

experimental phase at the P<0.05 level. 5 

 6 

3.4 Correlative Analysis 7 

At phase A, insulin correlated with glucose (P=0.001, r=0.531), fat mass (P<0.001, r=0.729), 8 

body fat percentage (P<0.001, r=0.728), but not FFM (P=0.636, r=0.078). Glucose was 9 
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correlated with fat mass (P=0.002, r=0.490), body fat percentage (P=0.005, r=0.444), but not 1 

FFM (P=0.993, r=0.001). These correlations persisted at B and C (P<0.05). The change in 2 

(∆) glucose from A to C was associated with ∆body fat percentage (P=0.041, r=-0.328). 3 

∆insulin was related to ∆FFM from A to B (P=0.021, r=0.369), but not B to C, or A to C (all 4 

P>0.05). With regards VO2peak, insulin (P<0.001, r=-0.720), and HOMA1-IR (P<0.001, r=-5 

0.636), were correlated with VO2peak at phase A, and these correlations persisted at B and C 6 

(P<0.05). Glucose was not related to VO2peak at phase A (P=0.193, r=-0.213). ∆VO2peak was 7 

not correlated with ∆insulin (P=0.284, r=-0.176) ∆glucose (P=0.083, r=0.281) or ∆HOMA1-8 

IR (P=0.494, r=-0.113) 9 

 10 

4 Discussion 11 

Results of this study indicate that the 12-week intervention produced small improvements in 12 

fasting glucose, insulin, and HOMA1-IR in the SED group and three individuals experienced 13 

improvement in clinical status (i.e. diabetic, impaired fasting glucose, euglycaemic) over the 14 

study period. No changes were observed to any biomarkers in LEX, suggesting HIIT does not 15 

improve fasting glucose homeostasis in this group, despite them being HIIT-naïve at 16 

enrollment. Finally, masters athletes had superior glucoregulatory biomarkers compared to 17 

sedentary older adults, evidenced by lower fasting insulin, glucose, and HOMA1-IR at phase 18 

A (and in some instances, throughout the study period). Previous work from our lab 19 

demonstrated LEX exhibit a preferential or more ‘youthful’ hormonal profile compared to 20 

SED (Hayes et al., 2015; Elliott et al., 2017; Herbert et al., 2017a). The present investigation 21 

expands on these data by reporting improved markers of glucose homeostasis because of 22 

lifelong exercise, which were not enhanced by HIIT. 23 

 24 

In reporting small reductions in insulin, glucose, and HOMA1-IR post-HIIT, our results 25 

cautiously corroborate some (Hwang et al., 2016), but not all (Heiskanen et al., 2016; 26 

Connolly et al., 2017) previous studies reporting improved glucose homeostasis following 27 

HIIT compared to moderate intensity continuous training (MICT). For example, Heiskanen et 28 

al. (2016) investigated HIIT versus MICT for a period of two weeks and reported no change 29 

to fasting glucose and insulin following HIIT or MICT in healthy middle aged men (~47 30 

years of age, BMI of ~26 kg·m2, peak oxygen uptake of ~35 ml∙kg∙min-1, and fasting glucose 31 

of ~5.5 mmol·l-1). Connolly et al. (2017) trained subjects for 12 weeks and reported no 32 

change to fasting blood glucose in healthy middle-aged females (~44 years of age, BMI of 33 

~26 kg·m2, peak oxygen uptake of ~25 ml∙kg∙min-1, fasting glucose of ~4.1 mmol·l-1) in a 34 

HIIT, MICT, or control group. However, Hwang et al. (2016) observed improved HOMA1-35 

IR post-HIIT compared to a MICT and a control group after only eight weeks, but with no 36 

change to blood glucose in healthy adults (~64 years of age, BMI of ~27 kg·m2, peak oxygen 37 

uptake of ~25 ml∙kg∙min-1, fasting glucose of ~5.2 mmol·l-1). Due to ambiguity of findings 38 

discussed, training duration is evidently not the primary factor which determines HIIT-39 

induced improvements to glucose homeostasis. Participant characteristics may have 40 

influenced results observed. For example, our SED group had a greater BMI and fasting 41 

blood glucose than participants in the previously mentioned studies (Heiskanen et al., 2016; 42 

Hwang et al., 2016; Connolly et al., 2017). Therefore, it is possible that fasting blood glucose 43 

had more ‘potential’ to decrease with exercise training. This is supported by findings of Little 44 

et al.( 2011) who studied only two weeks of HIIT in type II diabetics and observed 24 h 45 

blood glucose concentrations were reduced from ~7.6 to ~6.6 mmol·l-1 after training. As 46 

these individuals presented with the highest blood glucose on enrollment and underwent the 47 

shortest programme of HIIT out of these studies discussed, we propose glucose levels on 48 

commencement of an exercise programme likely determine the probability of positive 49 

change. Similarly, body composition changes were more pronounced within the present 50 
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investigation and those with a larger BMI are more prone to lose mass with training (Herbert 1 

et al., 2017a; Jackson et al., 2017), and glucose homeostasis is related to adiposity (Ratzmann 2 

et al., 1979; Bianco et al., 2014). This speculation is supported by Sogaard et al.  (2017) who 3 

reported  improved insulin sensitivity after 6 weeks’ HIIT in overweight sedentary 4 

individuals (~63 years of age, BMI ~31 kg·m2), suggesting glucoregulatory benefits from 5 

HIIT, or indeed any exercise training, are more likely to occur in less fit, fatter, or more 6 

sedentary individuals. It is also possible that variance in results could be partly attributable to 7 

age, as Sogaard et al. (2017), Hwang et al. (2016), and this investigation all studied HIIT in 8 

participants with a mean age >60 years. We suspect age per se is not the definitive variable 9 

determining efficacy of HIIT for improving glucoregulatory biomarkers, but sedentary older 10 

people have been sedentary for longer than sedentary middle-aged or younger individuals. 11 

Therefore, the negative consequences of physical inactivity have had greater time to 12 

accumulate and manifest, and exercise may have more scope to exert a positive effect. This is 13 

supported by the lack of change in LEX, who were age-matched with SED, but had superior 14 

glucoregulatory biomarkers on enrollment compared to SED. 15 

 16 

One explanation for greater results after HIIT compared to preconditioning may be the larger 17 

depletion of muscle glycogen during HIIT compared to moderate intensity training (Gollnick 18 

et al., 1974; Van Loon et al., 2001) as insulin sensitivity is increased following exercise 19 

training intense enough to deplete muscle glycogen (Perseghin et al., 1996). SED were only 20 

exercising at 55-65% HRR during preconditioning, so muscle glycogen depletion rates in 21 

type I fibres would be half that of exercise >90% VO2peak, as during the HIIT (Vollestad and 22 

Blom, 1985). Therefore, this increased intensity may be the instigator of improved fasting 23 

insulin, glucose, and HOMA1-IR observed post-HIIT in SED. This supposition is supported 24 

by one of the few other investigations to consider HIIT in older adults (Sogaard et al., 2018), 25 

who observed improved insulin sensitivity (measured by a hyperinsulinaemic-euglycaemic 26 

clamp) concordantly with muscle glycogen content after a six-week HIIT intervention in 55-27 

75 year olds. Interestingly however, Sogaard et al. (2018) did not observe any alteration to 28 

fasting glucose as observed in the present study. One explanation for this difference in results 29 

may be that subjects in the Sogaard et al. (2018) investigation started with marginally lower 30 

fasting glucose at baseline than our SED group and thus had less scope for improvement. 31 

 32 

When considering HIIT interventions, interval intensity, duration, and number, alongside rest 33 

periods and accumulative training volume are important variables which influence fitness 34 

outcomes (Vollaard et al. 2017; Rønnestad et al. 2020). However, little is known concerning 35 

optimal training parameters for improved glucoregulation. Of the HIIT programmes 36 

considered within this discussion, interval duration varied from 30 s (this investigation; 37 

Heiskanen et al. 2016) to 4 min (Hwang et al. 2016), and intensity from ~90% HR maximum 38 

(Little et al., 2011) to >120% power at VO2peak (this investigation). As Hwang et al. (2016) 39 

investigated the longest interval duration, we the shortest, and Little et al. (2011) 60 s, and all 40 

reported positive adaptation, interval duration is unlikely the predictive variable concerning 41 

adaptation. Likewise, training volume examined in this study was low (i.e. 4.5 min·wk-1 of 42 

'work'), Little et al.'s was ~30 min·wk-1, and Hwang et al.'s was 64 min·wk-1. Given such 43 

variability in HIIT design, other factors are feasibly more deterministic for glucoregulatory 44 

adaptation than HIIT programme variables. This is supported by LEX not experiencing 45 

adaptation to glucoregulatory biomarkers, despite being HIIT-naïve, whereas SED did. If 46 

novelty of training, or HIIT design was important, we would expect LEX to experience 47 

improvements like SED, but mean insulin, glucose, and HOMA1-IR were already within the 48 

normal range, and thus we propose there was minimal scope for improvement. 49 

 50 
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There are some limitations of the present investigation which must be acknowledged. Firstly, 1 

it is difficult to attribute the positive results in SED exclusively to HIIT, rather than a 2 

combination of preconditioning and HIIT, due to our study design. As such, the positive 3 

results observed may be a result of 12 weeks’ training, rather than exclusively six weeks’ 4 

HIIT. However, due to exercise guidelines for older adults (Riebe et al., 2015), we deemed it 5 

pragmatic to include preconditioning before HIIT in SED. Given the work of Little et al. 6 

(2011) who observed positive adaptation after only 2 weeks' HIIT, it is certainly possible 7 

adaptations within the present study were purely HIIT-induced, but a randomized control trial 8 

with a MICT arm is required to confirm this. It is possible that changes to glucose 9 

homeostasis are driven by body composition rather than increased exercise volume or 10 

intensity, as insulin and glucose both correlated with body fat percentage. Therefore, any 11 

intervention that results in reduced adiposity or body mass may improve fasting glucose and 12 

insulin. Furthermore, our use of fasting samples only reflects one aspect of the dynamic 13 

regulation of blood glucose, and further research may seek to confirm these data by using oral 14 

glucose tolerance tests, hyperinsulinemic euglycemic clamps, and muscle biopsies to expand 15 

understanding of post-prandial glucose and insulin regulation. Similarly, studying only males 16 

is another limitation, and whether these effects would manifest in females is unknown. 17 

Sogaard et al. (2018) observed a training and gender interaction for some glucoregulatory 18 

markers following HIIT so exploration of the mechanisms underpinning this may be an area 19 

for future investigation. Penultimately, we did not control for several acute factors known to 20 

influence insulin resistance and/or sensitivity such as sleep quality, stress, or undiagnosed 21 

illness (Koren and Taveras 2018; Reutrakul and Van Cauter 2018). Finally, and most 22 

importantly, this was secondary analysis of an earlier study (Knowles et al., 2015), which was 23 

not specifically powered to detect changes in glucose, insulin, and HOMA1-IR at the P<0.05 24 

level. Subsequent post-hoc power analysis using an α value of 0.05, and desired power of 0.8 25 

resulted in a required sample size of 233 for a one sided test using insulin as the primary 26 

outcome variable, when considering the change in SED from phase A to C. To detect a 27 

change at the P<0.05 level for glucose and HOMA1-IR the required sample size was 78 and 28 

171 respectively. Therefore, a larger confirmatory study is required to determine whether 29 

these small effects translate into significant improvements in glucose regulation in a larger 30 

sample. However, the smallest worthwhile change (SD·0.2 [Hopkins 2004]) for insulin, 31 

glucose, and HOMA1-IR in SED, was 1.6 uIU·ml-1, 0.3 mmol·l-1, and 0.6 respectively. As 32 

improvements observed from phase A to C in SED were 1.8 uIU·ml-1, 0.4 mmol·l-1, and 0.7 33 

respectively, all changes reported within this study should be considered 'worthwhile'. Yet, 34 

whether these changes exceed the critical difference, which incorporates analytical and 35 

biological variation to determine a percentage change to be classed as biologically significant 36 

(Fraser 2001, 2004; Hayes et al. 2014) is unknown, as these thresholds are yet to be set. 37 

 38 

Despite the limitations to this investigation, there are several strengths or practical 39 

implications to be considered. Firstly, we observed small improvements in fasting insulin, 40 

glucose, and HOMA1-IR in SED after only 12 weeks of exercise, of which 6 weeks was 41 

HIIT. No nutritional intervention was administered, so improvements reported were likely 42 

caused by HIIT and not by dietary alterations. Endurance exercise is well-known to produce 43 

favorable metabolic adaptations regarding glucose regulation (Coker et al., 2006; DiPietro et 44 

al., 2006; O'Donovan et al., 2005). However, endurance exercise is considered monotonous 45 

by many and physical activity guidelines suggesting 150 min·wk-1 of exercise are rarely met 46 

(Townsend et al., 2015). This investigation suggests HIIT may be a viable alternative to the 47 

physical activity guidelines, which are typically voluminous in exercise prescription, to 48 

achieve favorable metabolic effects in older sedentary subjects. This postulation is supported 49 

by our previous work (Grace et al., 2018) which reported improved resting heart rate (~-5 50 
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b·min-1), blood pressure (~-7.7/−4.6 mm Hg) and mean arterial blood pressure (~-5.5 mm 1 

Hg) in SED. As mean arterial blood pressure is one of the most readily modifiable risk 2 

factors for cardiovascular disease (Lopez et al., 2006), data presented here provide 3 

confirmatory evidence for HIIT as a preventative tool for cardiovascular disease in older 4 

men. This is encouraging as HIIT is often perceived as more enjoyable than voluminous 5 

aerobic conditioning (Oliveira et al., 2018; Thum et al., 2017), and our previous work has 6 

demonstrated that HIIT improves perceptions of health-related quality of life, exercise 7 

motives, and aerobic fitness in older adults (Knowles et al., 2015). Taken together, this 8 

suggests HIIT may improve metabolic health (as in the present study and in the study of 9 

Grace et al. [2018]), and psychological wellbeing in older men. 10 

 11 

In conclusion, this study provides preliminary evidence that HIIT produces small 12 

improvement in fasting insulin, glucose, and HOMA1-IR in sedentary older men. However, a 13 

larger confirmatory study is required to substantiate this phenomenon.  14 

 15 
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