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Abstract

The progression from pre-diabetes to overt type 2 diabetes is largely attributed to B-cell dysfunction and reduced insulin
responsiveness. Exercise improves B-cell function in type 2 diabetics, however in pre-diabetic populations there is no
data to support a similar response to acute high intensity exercise. Nine individuals diagnosed with prediabetes [HbAlc;
6.1 (0.2)%)] underwent a resting control, a continuous exercise and a high-intensity exercise trial. A labeled ([6,6°H,] glu-
cose) intravenous glucose tolerance test (IVGTT) was administered immediately after each trial to calculate B-cell func-
tion, 1 [acute (AIRE)] and 2™ phase insulin response to intravenous glucose and disposition index (DI). Data modelling
indicated AR, (P =0.68) and 2" phase insulin responsiveness (P = 0.294) were not different between trials. Additionally,
insulin response in relation to insulin action (DI) was not statistically different between trials (P = 0.394). In conclusion,
acute high intensity exercise does not improve DI and B-cell function in individuals with prediabetes.
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Abbreviations

HIIE: High intensity intermittent exercise; IVGTT: Intravenous glucose tolerance test; DI: Disposition index; T2D: Type
2 diabetes; GSIS: Glucose-stimulated insulin secretion; AIRg: Acute insulin response to glucose; LT: Lactate Threshold;
HOMAIR: Homeostasis model of insulin resistance; SIZ*: Insulin sensitivity; MBCl: Modified beta cell index; HOMAB_Ce”:
HOMA of B-cell function; G-6-P: Glucose-6-phosphate; ATP: Adenosine triphosphate; GLUT-2: Glucose transporter type
2; Akt: Protein kinase B; AS160: Akt substrate of 160 kDa

cose control can also be attributed to insulin secretion and
action [i.e. disposition index (DI)].

Introduction

Type 2 diabetes (T2D) is a complex metabolic disease

characterized by defects in B-cell function, glucose effective-
ness, insulin resistance and hepatic glucose [1,2]. Insulin re-
sistance, a characteristic of pre-diabetes, is widely accepted
as the starting point for the progression from glucose intoler-
ance to overt type 2 diabetes. Thus, a great deal of research
has been directed towards understanding insulin resistance
in skeletal muscle. Research has consistently shown that de-
fects in insulin signaling and insulin-mediated glucose uptake
in skeletal muscle contribute to whole body hyperglycemia
[3-10]. We have recently shown that high intensity intermit-
tent exercise (HIIE) reverses insulin resistance in pre-diabetic
individuals which was partly due to an increase in Akt-AS160
signaling in skeletal muscle [11]. In this data set, we measured
B-cell function in the same population following HIIE and con-
tinuous exercise to assess if improvements in whole body glu-

The ability of muscle contraction to improve glycaemic
control via increased insulin and non-insulin-mediated path-
ways in skeletal muscle is well established [12-16]. In addi-
tion, exercise is known to improve muscle blood flow and
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therefore substrate flux [16-19], reduce lipid mediated insulin
resistance [20] and hepatic glucose dysregulation [11]. These
exercise-induced changes in insulin action and glucose flux
likely explain most of the benefits of exercise in those with,
and at risk of type 2 diabetes [6,9,21]. Thus, it is clear that
exercise offers improvements in peripheral insulin action and
cardio-metabolic health. Yet there are very few studies that
have assessed the effects of exercise intensity on B-cell func-
tion. The limited work available suggests that exercise can
improve B-cell function in type 2 diabetics due to a reduction
in pancreatic glucose exposure rather than improvements in
B-cell function itself [22]. For example, two weeks of exercise
training improved glucose-stimulated insulin secretion (GSIS)
in individuals with prediabetes, in response to an oral glucose
challenge [23]. While comprehensive, one of the limitations
of the prior work was the use of an oral glucose tolerance test
(OGTT) to assess glucose control. The current work employed
the powerful two-compartment intravenous glucose toler-
ance test (IVGTT) to assess B-cell function relative to insulin
action (i.e. DI). This is an important difference between Malin,
et al. 2018 [23] and the current study, given that the repro-
ducible pattern of insulin secretion in response to the IVGTT
is less variable than the OGTT approach [24,25]. Indeed, mea-
surement of insulin secretion with the OGTT is affected by
gastric emptying, glucose absorption and the integrin effect.

Insulin resistance and insulin secretion are subject to a
hyperbolic relationship with decreased insulin action being
compensated with an increase in insulin release [13]. This re-
lationship, represented by the DI, can be modelled using the
parameters of insulin sensitivity and acute insulin response
to glucose (AIRg), and is a physiological representation of the
B-cells’ compensatory response to changes in insulin sensitiv-
ity [26]. Acute HIIE is known to increase glucose disposal and
insulin action to a greater extent than more moderate inten-
sity bouts of exercise [11,13]. HIIE would arguably decrease
insulin requirements beyond the acute period, likely due to
improved insulin sensitivity [27] driven by a greater degree of
glycogen depletion in both liver and skeletal muscle.

The purpose of the current research was to investigate
pancreatic insulin responsiveness and DI in the acute period
following both high intensity intermittent and continuous
moderate intensity exercise in hyperinsulinemic pre-diabetic
individuals using a labelled IVGTT.

Methods

Participants and ethics

Nine individuals with prediabetes (7 males and 2 females;
47 + 3 years) were recruited for this study as described in
[11]. The sample size was established using power calculation
(powered to 0.95 & alpha = 5%) using estimated changes in
measures of glucose control (S and B-cell function) from our
previously published data [28]. Subjects’ clinical character-
istics (BMI, 32.0 + 2.4 kg/m?; Body fat, 39 £ 4.4%; L; HbA ,
6.1 0.2%; Fasting glucose, 5.3 £ 0.7 mmoI/HOMAIR, 3.3+0.8;
HOMAB_Ce”, 207 + 33; Fasting insulin, 11.6 £ 5.9 mmol/L) are
presented in Supplementary Table. Each participant was in-
formed of the purpose, experimental procedures and any

potential risks of the investigation prior to providing writ-
ten consent to participate. Ethical approval for this study
was granted by the local University Ethics Committee (Ref:
11_12_23) and conformed to standards set by the Declara-
tion of Helsinki for human participants in research, except for
a registration in a database. Glycated haemoglobin (HbA, )
values of > 5.7% and < 6.4% were used to define individuals in
a pre-diabetic state [29].

Experimental Protocol

The participants visited the laboratory on 4 separate oc-
casions, each separated by 7-14 days. The first visit obtained
preliminary data including: Fasting blood glucose and plas-
ma insulin concentrations, blood lipids, HbA, , blood pres-
sure, body mass, waist-to-hip ratio and body composition
using Bod Pod (Life Measurement, Inc., Concord, CA, USA),
as previously described [30]. A venous sample was drawn to
measure HbA, , fasting blood glucose and plasma insulin (~ 2
mL EDTA blood). On the same preliminary visit, participants
performed a lactate threshold (LT) test on a cycle ergometer
(Lode Corival), using the same methodology previously de-
scribed by [13]. Data obtained during the LT assessment was
used to determine the exercise intensity for the subsequent
continuous exercise trial at 90% of LT. Fasting blood glucose
and plasma insulin levels were used to determine the ho-
meostasis model of insulin resistance [HOMA, ; fasting insulin
(LU/mL) x fasting glucose (mmol/L)/22.5] and HOMA of B-cell
function [HOMAB{e“; 20 x fasting insulin (uU/mL)/fasting glu-
cose -3.5 (mmol/L)].

On experimental days, volunteers attended the laborato-
ry at approximate 8:30 am after a 12 hr overnight fast, ab-
stained from caffeine and alcohol for 24 hr and exhaustive
exercise for 72 hr. An 18-gauge cannula was positioned into a
dorsal hand vein to allow for frequent sampling of arterialised
blood, using a thermoregulated hot box (~ 60 °C). A second
18-gauge cannula was placed into a prominent contralateral
antecubital vein for administration of intravenous glucose. In
a randomised fashion, each participant completed a resting
control trial (Rest; sitting), a continuous exercise trial at an in-
tensity equal to 90% LT (Continuous) (cycle ergometer, Lode
Corival) and a HIIE (6 x 30 sec Wingate test) (Intermittent)
(Monarch 894 E, Weight Ergometer). Each 30 sec sprint was
separated by 9.5 min of passive recovery in the intermittent
trial. All trials lasted 60 min. A sterile glucose solution com-
prising labelled (28.4 mg/kg [6,6°H,] glucose) glucose and 250
mg/kg of unlabeled glucose was administered via the ante-
cubital cannula. Blood samples were drawn over the ensu-
ing 240 minutes as previously described [13] (labeled IVGTT).
Blood glucose concentrations were measured immediately in
triplicate using a YSI 2300 (STAT; Yellow Springs, USA). The
remaining samples were centrifuged (4 °C, 10 min, 5000 rpm),
plasma was then immediately stored at -80 °C for subsequent
analyses of plasma insulin, endogenous glucose and isotope
enriched [6,6°H,] glucose concentrations.

Blood Analysis

Glucose enriched plasma samples were deproteinized in
ethanol (99%) with the resulting supernatants centrifuged to

Ancu et al. Clin Diabetes Res 2021, 5(1):55-61

Open Access | Page 56 |



Citation: Ancu O, Naufahu J, Barclay R, et al. (2021) Disposition Index (DI) is not Improved with High-Intensity Intermittent Exercise in Adults

with Hyperinsulinemia and Pre-Diabetes. Clin Diabetes Res 5(1):55-61

dryness. Hydroxylamine hydrochloride (100 pl, 0.18 M pyr-
idine) was then added before a 60 min incubation at 70 °C.
After which, Bis(trimethyl)trifluoroacetamide: 1% trimeth-
yl-chorosilane (TMCS; 99%) (Sigma-Aldrich, Exeter, UK) was
added before a further incubation (45 min at 70 °C). Samples
were then analysed for glucose derivatives of 319 (unlabeled
glucose; tracee) and 321 ([6,6°H,] glucose; tracer) by GC/MS.
Endogenous glucose concentrations were measured in whole
blood (YSI 2300; STAT; Yellow Springs, USA) and plasma in-
sulin using a commercially available ELISA (DRG diagnostics,
UK). Intra-assay and inter-assay coefficient of variation for in-
sulin enzyme-linked immunosorbent assay was < 3.8%.

Data Modelling

Plasma insulin, endogenous glucose concentrations and
labelled glucose values were used to model the following:
Two compartment models of S, AR, and DI (DI = §*" x AIRg),
as described previously [26,31] (SAAMII Institute, Seattle,
WA). Second phase insulin secretion (2" phase IS) was esti-

denote insulin area

mated E o |
ated as 4 , 1 area
1 area=12 ared; 12-240

values from 12-240 min and used to calculate 2" phase dispo-
sition index (S x 2™ phase IS).

Peak insulin/fasting insulin (Ip/lo), and the area under the
glucose curve of IVGTT (AUC,_ ) were calculated as previously
described by [32], in order to asses first-phase insulin secre-
tion. Modified beta cell index (MBCI) was calculated as (G,
x1)/(G,+G, -2G), where G, G, and G, denote blood glu-
cose levels (mmol/L) at 0, 1 and 2 h, respectively, and | de-
note insulin levels (uU/mL) at 0 hr [33].

Statistical Analyses

Differences over time and between the conditions tested
were evaluated using one-way repeated measures ANOVA.
All statistical tests were carried out using the statistical soft-
ware SPSS (version 23). Data are expressed as mean (SEM).
Statistical significance was accepted at P < 0.05.

Results

AUC,__(data shown in Supplementary Figure) was not sig-
nificantly lower when compared to the exercise trials (P =
0.339). AIR_ was measured from 0 to 10 min post the IV glu-
cose load (AIRg) and is shown in Figure 1. Again, both exercise
bouts did not reduce the acute insulin response to IV glucose
(P = 0.618). In an identical manner comparison for second
phase insulin response during IVGTTs (12-240 min) showed
no difference between trials (P = 0.294).

Dl is a measure of the relationship between insulin sen-
sitivity and acute insulin response to glucose (DI = S x AIRg)
in the first phase (DI*' 0-10 min) post the intravenous glu-
cose challenge and is therefore a key indicator of the B-cell
responsiveness to an acute increase in blood glucose relative
to whole body insulin sensitivity. Groupwise comparisons of
DI between the trials also showed no difference (P = 0.394),
as shown in Figure 2. To provide a clearer picture of the tight
relationship between B-cell function and insulin sensitivity, DI
was also calculated for the 2™ phase insulin response to IV
glucose (DI>"%12-240 min) and there was no significant differ-
ence noted (P = 0.385).

Figure 3 shows both modified B-cell function index (MBCI)
and ratio between peak insulin and fasting insulin (I./1 ), which
were calculated using the data obtained from the IVGTT fol-
lowing rest, intermittent and continuous exercise trials. Sta-
tistical analysis showed no difference between trials for MBCI
(P=0.239) or I/ (P =0.982).

Discussion

The primary aim of this study was to assess the effects
of acute exercise on B-cell responsiveness and DI in men and
women with prediabetes. Individuals with type 2 diabetes are
able to improve DI after acute HIIE due to improved B-cell
function [34], thus it was hypothesized that HIIE would im-
prove DI in individuals with prediabetes, who share similar
characteristics. In the current study, DI in the acute (0-10 min
post IV glucose) and moderate time frame (10-240 min) were
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Figure 1: Shows AIRg (A) and 2™ phase insulin response (B) to labelled glucose loads in the 4 hr post rest, intermittent and continuous
exercise trials. No significant difference was noted between exercise trials (P < 0.05). Data are expressed as mean + SEM.
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Figure 2: Disposition Index (DI) during IVGTT post rest, intermittent and continuous exercise trials for both the first phase (DI 1) (A)
and 2" phase insulin response (DI 2") (B) to IV glucose. No significant difference was noted between exercise trials (P < 0.05). Data are
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Figure 3: Modified B-cell function index (MBCI) (A) and the ratio between peak insulin and fasting insulin (1,/1 ) following IV glucose load
for rest, intermittent and continuous exercise trials. No significant difference was noted between exercise trials (P < 0.05). Data are

not different between exercise trials and rest. In addition, nei-
ther insulin responsiveness, nor B-cell function was improved
by exercise in this hyperinsulinemic pre-diabetic group. This
data, combined with our previous findings [11], suggests that
acute exercise induced improvements in glycemic control in
pre-diabetic individuals is a result of improved peripheral in-
sulin action and skeletal muscle signaling, not B-cell function.
Although this suggestion will need further investigation in a
larger cohort of this population.

To optimally regulate whole-body glucose and lipid me-
tabolism, insulin secretion must retain well-characterised
qualitative, dynamic characteristics in addition to being
guantitatively appropriate [3]. Of these characteristics, the
initial secretion of insulin in response to a meal [measured

as the 1% phase insulin response to a glucose load (AIRg)] is
the most well-studied given that a loss in the 1% phase insulin
response leads to a rise in glucose intolerance irrespective of
background insulin sensitivity [5]. Our current data showed
that exercise did not influence 1 phase or 2" phase insulin
secretion in a pre-diabetic sample. Previous efforts have also
shown no change in 1 phase (0-30 min) or 2" phase (30-180
min) insulin response following 6 weeks of high intensity ex-
ercise training in type 2 diabetic individuals [35]. However,
[35] did show that the same exercise treatment was able to
improve DI, in adults with type 2 diabetes, a finding which is
not supported by our current or previous research [13]. Thus
it can be concluded that insulin resistant, pre-diabetic individ-
uals do not share the capacity for exercise-induced improve-
ments in DI [22].
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It is, however, important to note that B-cell function and
insulin secretion are highly variable both within and between
groups displaying glucose intolerance [36]. Indeed, AR,
showed a great deal of variation in our current (pre-diabet-
ics) and previous [28] data sets. Thus, we hypothesised that
this variation may be masking clinically relevant data in the
treatment of diabetes and that acute exercise may actually
improve B-cell function, yet the methods currently available
are not sensitive enough to detect this [36]. The measure-
ment of C-peptide here would have given greater clarity to
this hypothesis.

The first-phase insulin response is the initial burst of in-
sulin following an intravenous infusion of glucose, typically
measured between time zero (bolus glucose infusion) and 10
min. B-cell glucose sensitivity, rate sensitivity and the maxi-
mal insulin secretory capacity each influence the first-phase
insulin response. In normally functioning B-cells, glucose is
rapidly taken up by a pancreatic specific isoform of the glu-
cose transporter family (GLUT-2) and phosphorylated by glu-
cosidase to convert glucose into glucose-6-phosphate (G-6-P)
before the formation of pyruvate occurs [2]. Pyruvate then
passes into the mitochondria where it is oxidized to produce
adenosine triphosphate (ATP). The increased ATP levels result
in the closure of K,_, channels, leading to membrane depo-
larization. The consequence of this is the opening of voltage
controlled Ca% channels, with an Ca?* influx and release from
the endoplasmic reticulum causing the subsequent release of
previously synthesized insulin from secretory vesicles [37]. In
the acute post-exercise phase, a reduction in the amount of
insulin released is a positive outcome as this demonstrates
a reduced insulin requirement owing to improved insulin ac-
tion. Although marginally lower, the current study showed
no difference in AIRg between rest and acute exercise regard-
less of intensity. This was surprising given the hypothesized
muscle glycogen depletion with HIIE. In obese and sedentary,
although not pre-diabetic individuals AIR_ was significantly
lower following eight months of high intensity exercise train-
ing [38], suggesting that exercise training may improve this
metabolic parameter.

In summary, since individuals with prediabetes are at in-
creased risk from the progression from pre-diabetes to overt
type 2 diabetes, and the prevalence of pre-diabetes is increas-
ing globally [2] it is important to investigate possible inter-
ventions that may improve B-cell function and insulin action.
This research indicates that, at least in the acute timeframe,
neither high-intensity nor moderate intensity continuous
exercise improves B-cell function or insulin responsiveness.
Therefore, given the current data set and our previously pub-
lished data [11], we conclude that exercise-induced improve-
ments in glycaemic control are attributed to peripheral insu-
lin sensitivity and insulin signalling, and not B-cell function.
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Figure 1: Shows plasma insulin concentrations against timepoints and area under the curve for insulin (AUC, ) during the intravenous
glucose tolerance test post rest, intermittent and continuous exercise trials.

Table 1: Subjects’ clinical, physiological and metabolic characteristics.

Age (yr) BMI (kg/m?) Body Fat (%) HbA (%) Fasting Glucose  Fasting Glucose HOMA, ., Fasting insulin
(mmol/L) (mmol/L) (mmol/L)
47 (3) 32.0(2.4) 39.0 (4.4) 6.1(0.2) 5.3(0.7) 3.3(0.8) 207 (33) 11.6 (5.9)

Values are means (SEM). Body Mass Index (BMI); Glycosylated Haemoglobin (HbAlc), Homeostasis Model Assessment of Insulin Resistance
(HOMA,,); 8-Cell function (HOMAB&“).

DOI: 10.36959/647/495

Copyright: © 2021 Ancu O, et al. This is an open-access article distributed under the terms of O
the Creative Commons Attribution License, which permits unrestricted use, distribution, and ': SCHOLARS.DIRECT
reproduction in any medium, provided the original author and source are credited.

Ancu et al. Clin Diabetes Res 2021, 5(1):55-61 Open Access | Page 61 |



	Title
	Abstract
	Keywords
	Introduction
	Abbreviations
	Methods
	Participants and ethics 

	Experimental Protocol 
	Blood Analysis 
	Data Modelling 
	Statistical Analyses 
	Results
	Discussion
	Acknowledgements
	Conflict of interest statement 
	Data availability 
	Funding

	Figure 1
	Figure 2
	Figure 3
	References
	Supplementary Table
	Supplementary Figure

