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Purpose: Numerous studies have measured changes in fasting blood glucose (FBG) levels in 

response to physical activity (PA) interventions. While studies involving clinical populations 

such as type 2 diabetics typically report significant reductions, most others report no change 

in FBG. This study investigated changes in FBG in apparently healthy adults following a PA 

intervention.

Methods: We measured fingertip samples for FBG pre and post a 40-day PA program in 

575 insufficiently active adults. The PA goal was at least 30 minutes of moderate exercise daily, 

and there was 73% compliance.

Results: A PA questionnaire showed the average level of activity was 69 ± 46 min/wk 

preintervention, and this increased to 635 ± 458 min/wk postintervention. When the change in 

FBG was regressed against baseline FBG levels, there was a significant negative relationship 

(y = 2.623 − 0.471 × x; r = 0.472; P , 0.0001). The regression line showed, on average, 

subjects with low pre-study glucose levels had increased FBG while those with high levels had 

reductions in FBG.

Conclusion: It appears that the body’s response to PA training is to upregulate glucose control, 

which is reflected in tighter FBG levels around a physiological set point (5.6 mmol/L, in the 

present study). Regulation of blood glucose is a complex neuroendocrine process with numer-

ous organs involved, but it was not possible in the present study to determine which of these 

regulatory steps are involved in exercise-induced changes of FBG.

Keywords: physical activity, glucagon, insulin sensitivity

Introduction
Blood glucose (BG) is critical for metabolic health and survival. The concentration within 

the circulatory system is regulated within a narrow range in the healthy population, 

because there are acute life-threatening implications if BG concentrations become too 

low or high.1,2 Even relatively small chronic increases in BG are associated with serious 

health conditions, such as obesity and type 2 diabetes. These lifestyle diseases have been 

rising in many countries around the world, and it is estimated that about 1.4 billion people 

are overweight or obese3 and about 346 million people have diabetes.4 These problems 

have led to increasing efforts to find the most efficacious preventative and therapeutic 

interventions for metabolic-related, chronic illnesses. Both clinical and prospective stud-

ies have reinforced the importance of physical activity as a key strategy to assist in the 

prevention and treatment of type 2 diabetes5 and for weight management.6

The use of BG measures as an indicator of metabolic health is common because 

they are relatively inexpensive, rapid, and require only a small capillary sample.2,7 
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BG is also routinely measured for those who have been 

diagnosed with metabolic-related disorders. However, it is 

well established that BG levels are influenced by the time 

from and composition of the last meal,8 gastric emptying 

rates,9 physical activity (PA),10 level of obesity,11,12 age,11,13 

and a range of other neuroendocrine influences.14 Due to these 

confounders, it is recommended that routine assessments of 

BG, as a risk factor or as part of a diagnostic procedure, are 

standardized to fasting and resting states.5,7

Elevated fasting blood glucose (FBG) levels have been 

shown to be predictive for a range of diseases, including 

cardiovascular-related death, in prospective epidemiological 

studies of nondiabetic men15 and mixed cohorts.16 A meta-

analysis by the Emerging Risk Factors Collaboration11 showed 

that FBG in people without diabetes was related to risk of 

coronary heart disease in a nonlinear, J-shaped fashion, where 

there was increased risk at both ends of the FBG spectrum.

Numerous studies have measured FBG to assess the 

impact of various interventions on glucose control,17–19 

particularly those involving increasing levels of physical 

activity.20,21 While studies using clinical populations such 

as type 2 diabetics or those with impaired glucose tolerance 

have reported significant reductions in average FBG,18,22,23 

others using a cross section of sedentary adults have reported 

no consistent change in FBG24,25 or even an increase,20,23 

despite increases in insulin sensitivity in all groups. These 

results suggest considerable variability in terms of homeo-

static control of BG and that training-induced adaptations 

may operate differently among individuals, depending on 

the preintervention FBG level.

This study investigated changes in FBG in apparently 

healthy but insufficiently active Australian adults, relative to 

baseline FBG levels, following 40 days of daily PA.

Methods
The participants in this study were part of a larger PA inter-

vention study for people with low levels of habitual activity. 

The University of South Australia ethics committee approved 

this study and all subjects gave informed written consent. The 

methods and design of the study have been described in detail 

previously.26 Participants reported here were recruited from a 

university, tertiary hospital, and several government depart-

ments. A total of 736 subjects aged 18–60 years were randomly 

allocated to one of two 40-day programs involving daily activ-

ity targets. Selection criteria required the subjects to:

1. be insufficiently active (,150 minutes of weighted PA 

per week) when assessed, using the Active Australia 

Survey;27

2. satisfy the pre-exercise screening guidelines, using the 

Sports Medicine Australia screening system;28 and

3. be willing to either (a) wear a pedometer daily for the 

duration of the 40-day intervention or (b) participate in 

the 40-day group PA program.

Outcome measures were obtained from all participants at 

baseline and immediately following the 40-day interventions. 

These included the level of PA undertaken pre- and postint-

ervention, using the Active Australia Survey. Other measures 

included: anthropometric variables – height, weight, waist 

and hip girths, triceps, biceps, and subscapular skinfold 

thicknesses – using methods described by Norton and Olds;29 

resting blood pressure (BP), according to the technique rec-

ommended by the American Heart Association;30 and FBG 

and total cholesterol levels. Additionally, a submaximal cycle 

ergometer test was conducted to estimate maximal oxygen 

consumption.31 The results of the glucose measures are pre-

sented in this paper, and the intervention-related changes for 

all other variables will be reported in a separate paper.

Total cholesterol and FBG were measured using finger-tip 

blood samples. Subjects were required to fast for eight hours 

prior to the blood tests. Standard infection control procedures 

were used, and blood samples were processed using a Reflotron® 

Plus analyzer (Hoffman La Roche Ltd, Basel, Switzerland). 

Prior to the study, repeated measures of total cholesterol and 

FBG on ten consecutive days showed coefficients of variation 

(CV) of 7.9% and 10.2%, respectively. The Reflotron has also 

been shown to have less than 1% error on duplicate samples.32

PA interventions
The two types of intervention were: (1) a pedometer-based 

strategy, wherein participants were instructed to achieve 

at least 5000 steps/day in week 1 and increase this by 

1000 steps/wk to 10,000 steps/day by week 6; and (2) a group-

based strategy that required participants to attend instructor-

led activities three times/week (Monday, Wednesday, Friday) 

and undertake individual activities for at least 30 minutes on 

alternate days (more detail is provided in Norton et al26).

Statistical methods
Postintervention changes were assessed used paired t-tests. 

Regression analysis was also used to determine the associa-

tion between preintervention measurements and postinterven-

tion changes. Significance was set at P , 0.05.

Results
The results for the participants who completed both the 

intervention phase and postintervention testing are presented 
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in Table 1. The table shows the data for each intervention 

arm separately.

There were significant increases in the PA patterns of the 

participants over the 40-day interventions. As expected, given 

the large increases in PA, there were significant improve-

ments for BMI and aerobic fitness, confirming participant 

compliance with the programs. There was no change in mean 

FBG following the interventions. Furthermore, there were no 

differences in the FBG changes between the two intervention 

cohorts (pedometer versus group). Therefore, all participants 

who completed the study (n = 583; 79.2%) were combined for 

the analyses. However, there were eight participants who had 

physiologically improbable preintervention FBG values less 

than 3 mmol/L and these outliers were excluded. The final 

sample size used in all further analyses was n = 575.

The PA questionnaire showed the average level 

of activity was 69 ± 46 minutes/week preintervention 

(63 ± 42 minutes/week unweighted PA) and this increased sub-

stantially to a weighted PA level of 635 ± 458 minutes/week 

postintervention (458 ± 326 minutes/week unweighted PA). 

At postintervention testing the proportion of participants who 

were now sufficiently active ($150 min/wk) increased from 

zero to 85.7%.

Preintervention FBG levels showed the character-

istic increase with age (y = 4.82 + 0.021 × age (yr); 

r = 0.301; P , 0.0001). Similarly, the relationship between 

preintervention BMI and FBG was also signif icant 

(y = 4.33 + 0.048 × BMI; r = 0.309; P , 0.0001). There was 

a weak but significant association between change in BMI 

and change in FBG (y = 0.002 + 0.103 × change in BMI; 

r = 0.118; P , 0.0044). There was no association between 

preintervention FBG and fitness (P = 0.252). When the change 

in FBG across the intervention was regressed against baseline 

FBG levels, there was a significant negative relationship. 

The regression line intersects the zero FBG change at 

a preintervention FBG value of 5.6 mmol/L (Figure 1). 

This shows subjects with low pre-study glucose levels typi-

cally had increased FBG while those with higher levels had 

reductions in FBG.

Discussion
This study investigated changes in FBG in apparently healthy 

but insufficiently active adults following an intensive PA 

intervention. There was no change in the mean FBG fol-

lowing 40 days of daily activity. This general response has 

also been found by others following physical activity inter-

ventions with sedentary adult participants.24,25 For example, 

Slentz et al25 found that 8 months of exercise training in 

groups undertaking moderate- or vigorous-intensity activity 

resulted in no significant change in FBG despite improved 

insulin sensitivity in both groups. Ross et al24 also found no 

change in FBG in groups undergoing 14-week exercise and/or 

diet interventions, despite significant increases in insulin 

sensitivity. This appears somewhat paradoxical given the 

significant long-term associations previously found between 

high FBG, and disease and mortality rates.11

Although there was no change in mean FBG, regression 

analysis indicated there was an increase in FBG for those with 

lower baseline values and a decrease in FBG among those 

with higher baseline FBG. It appears that for some people, 

a sedentary lifestyle is associated with a reduced FBG set 

point rather than the typical elevation in FBG. Figure 1 illus-

trates this FBG pattern (,5.0 mmol/L) for 12.5% (n = 72) 

of the subjects in the present study.

The body’s response to PA training is well documented 

and involves the upregulation of glucose control. In the pres-

ent study of a cross section of apparently healthy but sedentary 

adults, this was reflected in tighter FBG levels around a mean 

value of 5.6 mmol/L. Following the daily exercise interven-

tion, those participants with low baseline FBG values showed 

a rise in FBG. The characteristic pattern of decreased FBG 

values was seen among those with higher baseline FBG.

Table 1 Participant descriptive statistics pre- and postintervention

Group intervention 
(n = 372)

Pedometer intervention 
(n = 203)

Preintervention Postintervention Preintervention Postintervention

Age (years) 36.8 (12.8)* 40.7 (12.4)
Sex (% female) 71 74
PA (min/wk)† 68 (45) 744 (467)# 71 (47) 435 (363)#

BMi 26.6 (5.3) 26.4 (5.1)# 26.5 (5.6) 26.4 (5.5)
FBG (mmol/L) 5.57 (0.61) 5.55 (0.60) 5.65 (0.85) 5.65 (0.85)
VO2max (mL/kg/min) 27.3 (6.4) 31.6 (7.5)# 27.2 (6.8) 28.6 (8.2)#

Notes: †Vigorous intensity minutes are weighted ×2; values are expressed as mean (±SD); *significant preintervention group difference; #significant pre–post within-
intervention difference.
Abbreviations: PA, physical activity; BMi, body mass index; FBG, fasting blood glucose; VO2max , maximal oxygen uptake; SD, standard deviation.
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Jenkins and Hagberg23 reported elevated FBG in normo-

glycemic participants following a 6-month exercise program 

while at the same time, prediabetic participants decreased 

their FBG. In the HERITAGE20 study, following a 5-month 

endurance training program, there was an increase in FBG. 

Additionally, a decreased insulin response to intravenous 

glucose was reported in the quartile with the highest base-

line glucose tolerance, compared with the increased insulin 

response in those with the lowest glucose tolerance. Overall, 

these studies highlight the complex nature of metabolic con-

trol and suggest different mechanisms may be operating as 

part of the upregulation of glucose homeostasis following 

exercise training.

Regulation of BG is a complex neuroendocrine process 

with numerous organs involved.9,33 A sedentary lifestyle and 

poor diet are typically associated with a downregulation or 

decreased sensitivity of insulin and other hormones associ-

ated with glucose control. For example, the blunted insulin-

suppression response by the pancreas in response to increased 

hepatic glucose production is characteristic of type 2 diabetics 

and contributes to hyperglycemia.34 Additionally, hepatocyte 

sensitivity of both insulin and glucagon receptors decrease,12 

and a decreased glucagon receptor density has also been 

reported in animal studies involving low activity and/or high 

fat diets.35 There is also a decreased sensitivity to insulin 

in adipocyctes and myocytes12 and an increased incretin 

hormone secretion from the small intestine in response to 

ingested nutrients in those with obesity, impaired glucose 

tolerance (IGT), or type 2 diabetes.36 Furthermore, blunted 

central nervous system secretion, sensing, or responsiveness 

to afferent signals (such as leptin and insulin levels) are asso-

ciated with insulin resistance,14 and cardiovascular autonomic 

dysfunction has been shown in persons with impaired glucose 

tolerance and central obesity.37

On the other hand, there is evidence that all of these 

altered regulatory steps can be improved with both acute 

and regular exercise training.5,38 Exercise acutely increases 

muscle glucose transport, which is mediated by an increase in 

the glucose transporter 4 (GLUT4) in skeletal muscle mem-

brane and t-tubules.10,21 Following exercise, it is replaced by 

an increase in insulin sensitivity.39 Muscle GLUT4 content 

increases in humans within 7–10 days of training, although 

these short-term effects wear off within about 72 hours after 

the last exercise bout.40,41 Exercise training has also been 

shown to reverse impaired insulin sensitivity such that for a 

given insulin load, there is a reduced endogenous glucose pro-

duction and tighter regulation of blood glucose homeostasis.21 

The liver also adapts to exercise-related physiological stress 

through modulation of glucagon receptor binding char-

acteristics to enhance glucose production responsiveness 

to glucagon stimulus.42,43 Furthermore, chronic endurance 

exercise has been shown to induce adaptations in pancreatic 

β-cells, leading to a reduction in glucose-induced insulin 

secretion.25 Both caloric restriction and exercise were shown 

to reduce the incretin response to ingested glucose, sug-

gesting glucose-dependent insulinotropic polypeptide may 

mediate the attenuated glucose-stimulated insulin response 

after exercise and/or diet interventions.36 Beneficial effects in 

reflectory autonomic regulation and glucose control have also 

been found in both humans37 and animal exercise studies.44

Overall, it is possible the increased PA in the previously 

sedentary participants altered a range of metabolic pathways 

that help control BG. For those who regulated at a low FBG, 

this may have involved any number of possible alterations. 

Although speculative, these may include increased hepatic 

glucagon receptor sensitivity, a decreased insulin secretion, or 

better control of gluconeogenesis. These alterations may 

operate differently in those who regulate at a higher FBG. 

Moreover, the alterations may have occurred independently 

or synergistically and may have also involved more than just 

the pancreas or liver (for example, muscle and adipocyte 

changes), particularly given the association between weight 

loss and changes in FBG. From a clinical perspective, it is still 

an important variable to be measured routinely by individu-

als seeking to regulate their metabolic control. However, as 

a general marker of the impact of intervention strategies on 

glucose variability, it has poor resolution for similar cross-

sectional nondiabetic populations.

There are several limitations of this study. The measures 

of FBG have a reasonable level of day-to-day variability, 
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Figure 1 The regression plot for the changes in participants’ FBG versus baseline 
level of FBG.
Notes: y = 2.623 − 0.471 × x; r = 0.472; P , 0.0001.
Abbreviation: FBG, fasting blood glucose.
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as shown by prestudy CV values. The FBG measures were 

undertaken without controlling for physical activity over the 

previous several days. Acute changes in glucose control have 

been shown following PA; however, the influence of this on 

the participant pool is likely to be randomly distributed. There 

was a small difference in age between the two intervention 

arms; however, regression analysis showed no association 

between changes in FBG levels and age. The exclusion of 

the eight participants with very low FBG values made no 

difference to the results of this study.

This study has shown a pattern of exercise-induced 

changes in FBG that operates differently at different ends of 

the preintervention FBG spectrum. The specific mechanisms 

that are responsible for these changes cannot be determined, 

but other research has indicated that any one or more of 

the numerous regulatory steps outlined may be involved. 

However, what has previously been shown is that, like those 

with higher FBG, people with lower FBG may also be at an 

increased risk of mortality.11
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