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Abstract

Background: Chronic exercise training is associated with improvements in body composition and/aerobic fitness.
This presents a challenge to study effects of exercise in isolation. Metabolic effects of short-term exercise training (<
12 weeks) are unclear, with studies reporting improvements or no change in insulin sensitivity and/or glucose
control. This review systemically examined randomized controlled trials (RCTs) to establish whether short-term
exercise training improves insulin resistance and type 2 diabetes (diabetes).

Methods: Following the PRISMA guidelines, a systematic review was conducted on nine electronic databases
(BMC Endocrine Disorders, Clinical Key, Cochrane Library, EBSChost, PubMed, Scopus, Sabinet_SA Publications,
The Lancet and Web of Science) to identify randomized controlled human trials (2005-2018) examining effects of
short-term exercise training (£ 12 weeks) in overweight/obese adults with insulin resistance or diabetes. Search
terms included: insulin resistance, type 2 diabetes, short-term, exercise or energy expenditure and randomized
controlled trial. Studies were only included if they provided sufficient data on: insulin sensitivity, glycemic control,
body composition and aerobic fitness.

Results: From 374 articles, three met the inclusion criteria. Of these, two prescribed moderate intensity training
(MIT); rate of perceived exertion (RPE) 12-13 and 60% lactic threshold (LT) for four and twelve weeks, respectively
while one prescribed vigorous exercise training at 70% VO2max for seven days. Duration of exercise sessions was
40-60 minutes. Twelve weeks of MIT was associated with improved glycemic control vs. no change in the 7-d and
four weeks studies. Seven days of vigorous training was associated with greater improvement in insulin sensitivity,
44.4% vs. no change in the four- and twelve-weeks studies.

Conclusion: Short-term exercise appears to improve insulin sensitivity and glucose control independent of body
fat loss or gains in aerobic fithess. Vigorous exercise training was associated with superior improvements in insulin
sensitivity. More RCTs are needed to confirm these findings.

Keywords: Metabolic stress; Peripheral vascular disease; Physical
activity

Introduction

Insulin  maintains  glucose  homeostasis by  promoting
gluconeogenesis and glycogenesis [1]. A defect in the metabolic
insulin-signalling pathway therefore, leads to disorders including
peripheral vascular disease (PVD) and type 2 diabetes mellitus
(diabetes) [2]. The pathogenesis of insulin resistance is unclear,
however, the disorder has been reported to be a precursor for diabetes
which has reached epidemic proportions and shows no sign of
abatement [3]. Diabetes is characterized by hyperglycemia that results
from the inadequate islet beta (B) cell and adipose-tissue responses to
chronic fuel excess which results in metabolic stress that causes macro-
and microvascular complications including nephrology, retinopathy
and neuropathy [4].

Emerging evidence indicates that susceptibility to diabetes may be
acquired early in life due to foetal and neonatal programming that
occurs via epigenetics phenomena, suggesting that interventions to
improve maternal and early child health may be crucial for diabetes
prevention. In adults, intensive lifestyle modification (ILM); diet and
exercise, is recommended as prevention and management strategy for
insulin resistance and diabetes [5]. ILM has been reported to offer
long-term clinical benefits such as improvement of insulin sensitivity,
glucose control, body composition and cardiorespiratory fitness [6-8].
Diabetes patients are encouraged to accumulate at least 150 minutes of
physical activity per week, with more hours increasing benefit [9].
Previous reviews and meta-analyses have reported that exercise
training improves glycaemic control in patients with insulin resistance
or diabetes [10]. In these reviews, however, both short-term and
chronic exercise training interventions are included [11]. In chronic
studies, exercise-induced improvements in insulin resistance or
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diabetes are generally accompanied by improvements in body
composition and aerobic fitness. This presents a challenge to study the
effects of exercise in isolation. Thus, short-term exercise interventions
are increasingly being investigated to better understand independent
effects of exercise on insulin resistance and diabetes. Findings from
available short-term studies vary; some studies have reported that
exercise improves in insulin sensitivity and glucose control while
others have reported modest or no change [12,13].

The current review therefore, systemically examined randomized
controlled trials with insulin resistance or diabetes patients to
determine whether short-term exercise training of 12 weeks or less
improves insulin resistance and diabetes in overweight/obese adults.

Methods

Search strategy

This review was conducted in accordance with the Preferred
Reporting for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [9]. Details of the protocol for this systematic review were
registered on PROSPERO and can be accessed at htp://
www.crd.york.ac.uk/PROSPERO/display._record php?
ID=CRD42018086777 Electronic searches were conducted in nine
databases; BMC Endocrine Disorders, Clinical Key, Cochrane Library,
EBSChost, PubMed, Scopus, Sabinet_SA Publications, The Lancet and
Web of Science for prospective studies published from 2005 to 2018.
The database searching was conducted using the keywords; insulin
resistance, type 2 diabetes, exercise, aerobic training, overweight,
obesity, adults, randomized controlled trial, energy expenditure,
impaired glucose tolerance. The search was restricted to peer reviewed
original research with full-text published in English. Full-text of
articles relevant to the current review was available. The reference list
of key articles was manually searched for potentially eligible studies to
ensure that all trials relevant to this review had been identified.

Search terminology

Medical subject heading used in the current review included: insulin
resistance OR type 2 diabetes OR obesity AND exercise OR energy
expenditure OR aerobic fitness AND glucose control OR lipid profile.

Inclusion and exclusion criteria

Studies were considered for inclusion if they met the following
criteria: 1) Overweight/obese study participants with clearly defined
insulin resistance or diabetes status and without co-morbidity; 2)
exercise training of any mode, frequency, duration and intensity but
follow-up period of twelve weeks or less; 3) studies must have reported
on pre and post measures of at least one marker of insulin sensitivity or
glucose control, body composition or aerobic fitness; 4) studies must
have included details of the outcome measure including instrument,
and method as well as methods of data collection and analysis; 5)
studies must have randomly assigned participants to exercise and no
exercise control groups. Studies with combined exercise and dietary
interventions were only considered for inclusion if dietary intervention
was uniform across all groups. Review articles and/meta-analysis,
author manuscripts and letters to editors were excluded.

Outcome measures

The primary outcomes of the current review included markers of
insulin resistance and glucose control (HOMA-IR, QUICKI, HbAlc,
FPQG), anthropometry (body mass index, body fat) and aerobic fitness
(VO,max, VO,peak). Data in the studies included in the review were
expressed as mean and standard deviation/standard error of the mean
and percentage change. The selected outcomes were chosen because
they are interrelated. Insulin resistance contributes to impaired glucose
control which can cause hyperlipidemia and systemic inflammation.
Improvements in body fat and aerobic fitness have been found to
improve insulin sensitivity [10-12].

Data extraction

A standardized pre-piloted data extraction form [Joanne Briggs
Institute (JBI) Data Extraction Form for Experimental/Observational
Studies] was used to extract data from the included studies [13].
Extracted information included study method, study setting and
population, sample size, details of the intervention (exercise mode,
frequency and duration as well as duration of the intervention period)
and measured outcomes.

Study quality assessment

The JBI Critical Appraisal Checklist for Randomized Controlled
Trials was used to assess the methodological quality and to determine
the extent to which a study addressed the possibility of bias in its
design, conduct and analysis [13]. The tool consists of 13 items rated as
‘no, 0; unclear, 0; and yes, 1’ and includes criteria such as: clear
description of the aims, interventions, outcome measurements and
participants, representativeness of participant groups, appropriateness
of statistical analyses. The checklist included the following questions:
1) was true randomization used; 2) were participants and/ assessors
blinded to assignment; 3) were participants analysed in the groups to
which they were randomized. The outcome of the critical appraisal was
used to inform synthesis and interpretation of the results.

Data analysis

A narrative synthesis of the results was conducted due to the
heterogeneity in the measurements of insulin sensitivity and follow-up
period of studies included within this review. An increase in the output
from research on short-term exercise in insulin resistant or type 2
diabetes will allow for meta-analysis to be conducted.

Results

Identification and selection of studies

Electronic searches yielded 374 articles while manual search yielded
two. When duplicates and studies that did not meet the inclusion
criteria were removed, three studies remained for quantitative analysis.
The most common reasons for exclusion were; topic not relevant to the
current review, study not a randomized controlled trial, insulin
resistance or diabetes status not clear and intervention longer than
twelve weeks (Figure 1).
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Study characteristics

Trial settings and participants: Table 1 shows the characteristics of
studies included in the review. Exercise programme settings included
University and University hospital [14,15] and clinical research centres
[16]. The total number of participants in the included trials ranged
from 18 to 132. The mean age ranged from 48 and 65 years.

Intervention: Studies included in this review prescribed
individualized aerobic and/or resistance exercise. Of the three studies,
one study prescribed aerobic training combined with a balanced (BAL)
diet which consisted of 50% carbohydrates, 30% fat and 20% protein
[16]. Two studies prescribed moderate intensity exercise while the
remaining study prescribed vigorous intensity exercise.

The mode of aerobic exercise used included walking, jogging and
running. Progressive resistance training used light weights with
exercises designed to target major muscle groups such as legs,
shoulders and back.

The duration of exercise sessions in all three trials was 40-60
minutes. Combined aerobic and exercise training groups performed
the exercises at half the time required for aerobic and resistance
training alone. Of the three trials, two studies prescribed 3 non-
consecutive exercise sessions per week for a duration of four and
twelve weeks [14,15]. The remaining trial prescribed seven consecutive

Figure 1: PRISMA Flow chart. RCT; Randomized controlled trial.

50 minutes exercise sessions [16].

Intervention Outcome measure Findings
Sourc | Sample size| Age Study Frequency
e (MIF) (years) quality Group Intensity and
duration
12 (5/7) 52.09 Moderate | AET AET significantly improved fasting
glucose, TG and inflammation by
12 (5/7) 54.1 RET 15.6%, 11.2% and 10.8%, RET lowered
3d/week-12 HOMA-IR, HbA1c, FPG,| these para_meters by 17.Q%, 52.9% and
[15] 12 (4/8) 57.9 AET + RET | LTHR weeks PPG, TG, hs-CRP, BMI, | 15.0%, while AET+RET improved them
VO2peak by 9.0%, 198% and 10.6%
respectively. These  improvements
12 (4/8) 53.42 CNT occurred without changes in BMI and
WC in adults with type 2 diabetes
68 (36/32) 57 Moderate AET + RET Combined AET and RET produced a
statistically significant 0.2% decrease in
[14] RPE 12-13 3d/week-4 | HOMA-IR, HOMAB-cell, BG, | TG with a small (1.4%) increase in
weeks QUICKI, TG, BMI, VO2max | VO2max but no change in BMI in
64 (34/30) 65 CNT . )
moderately healthy patients with type 2
diabetes
9.(613) 48.4 AET + BAL AET + BAL diet significantly improved
’ diet 70% WBIS, PIS, HIS, FPG, BF. WBIS efmd PI.S by 37.5% apd 44.4%,
[16] Moderate VO2max 7d VO2max respectively without changes in body fat
. or aerobic fitness in obese adults with
9 (7/2) 50.9 BAL diet . )
mild type 2 diabetes
AET: Aerobic exercise training; RET: Resistance exercise training; LTHR: Lactate threshold heart rate; BAL: Balanced; CNT: Control; RPE: Rate of perceived exertion;
HOMA-IR: Homeostasis model assessment of insulin resistance; QUICKI: Quantitative insulin check index; WBIS: Whole body insulin sensitivity; PIS: Peripheral
insulin sensitivity; HIS: Hepatic insulin sensitivity; BG: Blood glucose; FPG: Fasting plasma glucose; PPG: Post prandial glucose; HbA1c: Hemoglobin A1c; TG:
Triacylglycerols; hs-CRP: High sensitivity C-reactive protein; BW: Body weight; BMI: Body mass index; WC: Waist circumference; BF: Body fat; SBP: Systolic blood
pressure, DBP: Diastolic blood pressure; VO2max: maximal aerobic capacity; VO2peak: Peak aerobic capacity.

Table 1: Characteristics of studies included in the review (n:3).
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Study quality

Overall the studies included in this review scored positively on the
JBI Critical Appraisal Checklist for Randomized Controlled Trials [13].
All the included studies treated groups identically other than the
intervention of interest. Follow-up was complete, participants were
analyzed in the to which they were randomized, and outcomes were
measured in a reliable way.

Study outcomes

Insulin resistance: Three studies reported on markers of insulin
resistance [14-16]. Of these, one study reported positive findings.
Winnick et al reported that during a high-dose insulin post-
intervention clamp, exercise plus balanced diet for seven consecutive
days significantly improved whole body and peripheral insulin
sensitivity by 37.5% (p<0.05) and 44.4% (p<0.0001), respectively. These
variables were unchanged in the balanced diet only group [16]. The
remaining two studies reported no change in homeostasis model
assessment for insulin resistance (HOMA-IR) and quantitative insulin
check index (QUICKI) following four and twelve weeks of exercise
training [14,15].

Glucose control: All three studies reported no difference in fasting
glucose levels across groups following 7-d, four and twelve weeks of
exercise training [14-16]. However, Jorge et al reported that within
group comparisons showed that aerobic, resistance and combined
aerobic plus resistance exercise training for twelve weeks significantly
(p<0.05) lowered fasting glucose by 15.6%, 17.0% and 9.0%,
respectively [15].

Blood lipids: Two studies assessed lipid profile. Of these, one study
reported positive findings; Hordern et al. [19] reported that when
compared with usual care, four weeks of exercise training produced a
small but significant decrease in TG; 0.2% (p<0.003). By contrast, Jorge
et al [20] reported no change in TG across groups following twelve
weeks of exercise training, although within group comparisons showed
that aerobic, resistance and combined aerobic plus resistance exercise
training for twelve weeks significantly (p<0.05) decreased TG by
11.2%, 52.9% and 19.8%, respectively.

Inflammation: One trial examined inflammatory markers. While
there was no statistical difference in high sensitivity C-reactive protein
(hs-CRP) across groups, within group comparisons indicated that
twelve weeks of aerobic, resistance and combined aerobic and
resistance exercise training for twelve weeks significantly (p<0.05)
decreased hs-CRP by 10.8%, 15.0% and 10.6%, respectively [15].

Anthropometry: All three studies included in the current review
described anthropometric data and reported that when compared with
a no exercise control group, exercise training had small or no
significant effect on body composition including body weight (BW),
body mass index (BMI) body fat (BF).

Aerobic fitness: Three studies reported on aerobic fitness. Hordern
et al reported small but significant increase in maximal aerobic
capacity (VO,max) of 1.4% (p<0.011) following four weeks of exercise
training [14] while the remaining two reported no change [15,16].
Jorge et al however, reported that although there was no significant
difference across the groups, within groups comparison showed that
aerobic exercise training for twelve weeks significantly increased peak
oxygen consumption (VO,peak) by 14.0% (p<0.05), while aerobic and/
resistance training did not [15].

Discussion

The current review demonstrates that short-term exercise improves
insulin sensitivity and glucose control in overweight/obese adults
without changes in body composition and/aerobic fitness. Thus, short-
term exercise may be applicable as the first line of treatment for insulin
resistance and type 2 diabetes. Short-term exercise interventions offer
opportunity for close supervision which has been associated with
better adherence to exercise programs. Furthermore, the
improvements observed with short-term exercise training may
encourage individuals to adopt a physically active lifestyle [17].

The current review shows that exercise training for seven
consecutive days increased whole body insulin sensitivity, reported in
the study by Winnick et al [16] while longer duration studies of four
and twelve weeks reported no change [14,15]. The differences could be
attributed to higher intensity exercise prescription in the study by
Winnick et al [16]. Previous studies have shown that when compared
with moderate intensity training, higher intensity training produced
superior benefits in insulin sensitivity [18,19]. Recent reports have
shown that during high intensity training there is recruitment of a
larger proportion of muscle fibres and greater number of type 2
glycolytic muscle fibres, adaptations which contribute to glycogen
depletion-induced insulin sensitivity [20,21]. Also, the study by
Winnick et al used direct measures of insulin sensitivity while the other
studies used surrogate markers (HOMA indices) [14,15]. Indices of
insulin resistance have been found to correlate well with direct
measures such as the hyperinsulinemic clamp but are not necessarily
equivalent [22].

This review also shows that short-term exercise improves
triglycerides even at moderate intensity. This is in agreement with a
previous review which reported that exercise improves dyslipidaemia
in physically inactive individuals [23]. The mechanism by which
exercise improves dyslipidaemia remains unclear. Studies however,
have suggested that this could be due to exercise-induced activation of
lipoprotein lipase (LPL) which is responsible for the hydrolysis of
triglycerides [24]. Lipoprotein lipase can be active for up to 24 hours
following one hour of exercise [25]. Thus, short-term exercise may be
effective for instantaneous improvements in triglycerides which would
avertedly improve the prognosis cardiovascular disorders associated
with insulin resistance [26].

Studies in this review have shown that short-term exercise does not
result in measurable changes in body composition and aerobic fitness.
However, aerobic training was found to produce favourable effects on
cardiorespiratory fitness compared with resistance training [14,15].
This was in contrast with previous review and meta-analysis which
reported that resistance training improved cardiorespiratory fitness in
a similar manner as aerobic training [27].

This review contributes to information for future research in
understanding effects short-term exercise protocols on metabolic
disorders associated with overweight/obesity in physically inactive
adults. Our findings are to be interpreted with caution however,
because the current review describes a small sample size and studies
published in English only.

In the current review, only three studies met the inclusion criteria,
suggesting that despite evidence of benefit of short-term exercise,
randomised controlled trials are lacking. Trials included in this review
were mostly on older adults, and the exercise prescriptions were
moderate intensity. Since diabetes is increasingly affecting younger
people and exercise training at high intensity is increasingly reported
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to produce superior improvements on metabolic parameters; with half
the time required for moderate intensity training, future randomized
controlled trials to investigate short-term effects of high intensity
exercise in younger insulin resistance/diabetes patients are warranted.

In conclusion, the current review provides useful information on
the possible clinical applications of short-term exercise to improve
insulin sensitivity and control glycaemia. Findings of the current
review also show that the therapeutic effects of exercise can occur
without changes in body composition and aerobic fitness. Therefore, in
addition to encouraging changes in body composition of overweight/
obese patients through exercise, improvements in metabolic health
which precede changes in body composition should be emphasized.
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