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Abstract 

 

Introduction: Type 2 diabetes mellitus is a gradually developed metabolic disease, 

characterized by periphery insulin resistance, resulting in compensatory hyperinsulinemia and 

relative insulin deficiency. Exercise is an important part of diabetes management for the 

prevention of progression towards complications. The aim of this systematic review is to 

investigate the effect of resistance training, compared to aerobic exercise, in patients with type 

2 diabetes considering the primary outcome HbA1c. 

 

Method: The databases The Cochrane Library and PubMed were electronically searched, 

followed by a methodical literature review for the purpose to select appropriate articles for 

further analysis. PEDro Scale was used as quality assessment tool. 

 

Results: Nine papers were included. Three studies described no significant effects after either 

RT or AT. Six articles reported improvements in HbA1c values after RT intervention alone, of 

which five papers also reported significant effects after AT. Besides, three papers described 

superior effects after the combined intervention compared to RT and AT alone.  

 

Conclusion: RT is an alternative form of exercise for T2DM patients. According to main part 

of the studies, each exercise modality seems to have the ability to improve HbA1c values in 

T2DM patients, even if the combination of RT and AT seems superior. 
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Abbreviations 

 

RCT  Randomized Controlled Trials 

T2DM Type 2 Diabetes Mellitus 

HbA1C  Glycosylated Hemoglobin 

Hb Hemoglobin 

PA Physical Activity 

RT  Resistance Training 

AT  Aerobic Training 

BMI  Body Mass Index 

OGTT  Oral Glucose Tolerance Test 

FPG  Fasting Plasma Glucose 

RPG  Random Plasma Glucose 

1-RM  One Repetition Maximum 

HR Heart Rate 

WHO  World Health Organization 
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Introduction 

Type 2 Diabetes Mellitus 

 

Diabetes mellitus is an important cause of morbidity and mortality worldwide. The global rise 

in diabetes prevalence is caused by a growing and ageing population, improved methods for 

diagnosis and is urged by factors as dietary habits, high body mass index (BMI) and physical 

inactivity [1,2]. Diabetes mortality primarily depends on the clinical course as the metabolic 

dysfunction may lead to cardiovascular and kidney diseases [2]. World Health Organization 

(WHO) forecasts that in 2030, diabetes will become the 7th leading cause of death [3] and the 

global prevalence is expected to reach 4,4% (in contrast to 2,8% year 2000) [1]. 

The current classification of diabetes mellitus is based on the pathogenesis of the disease, 

whereas earlier classification has been associated with the patient’s age at disease onset 

(juvenile diabetes mellitus and adult-onset diabetes) [4] or else whether insulin has been 

assumed necessary in the pathophysiology (insulin-dependent diabetes mellitus, IDDM and 

non-insulin-dependent diabetes mellitus, NIDDM) [5]. According to the present etiologically 

classification, diabetes mellitus is divided in two broad classes, referred to as type 1 and type 

2 diabetes mellitus (T2DM). Besides, there are several minor subgroups not mentioned here 

[4,6]. The clinical stages before manifest disease include impaired glucose tolerance (IGT) 

and increased fasting glucose (IFG) [6]. 

In total, T2DM accounts for the major part (estimated to 80-90% [7], 90-95% [5]) of the 

diabetes cases and is believed to be caused by a combination of genetic and environmental 

factors [6,7]. The disease is close related to obesity, especially abdominal fat, and is often 

connected to the condition named the metabolic syndrome. T2DM is gradually developed and 

is characterized by periphery insulin resistance, resulting in a compensatory hyperinsulinemia 

to meet the demands, outlined as a relative insulin deficiency. The high output rate of insulin 

from pancreas may end up with impaired β-cells of pancreas and further progression of the 

disease [4,5]. The mechanisms behind the pathophysiology of T2DM are complex. The 

glucose levels is not only controlled by insulin, also counter-regulatory hormones as 

glucagon, participate. In addition to disturbances in glucose metabolism, the disease also 

involve dysfunctions in lipid and protein metabolism [6].   
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Defective insulin signaling is a main contributor in the pathophysiology. On a cellular level, 

the normal function of the enzyme-linked insulin receptor is to activate a tyrosine kinase, 

which in turn phosphorylates insulin-receptor substrates (IRS), present in several isoforms 

depending on the cell type. Activation of the insulin receptor triggers intracellular pathways 

resulting in different consequences throughout the body and with effects on macromolecule 

metabolism. Normally, glucose is transported into cells by specific transport proteins 

(GLUT), present in at least 13 different subtypes. The GLUT proteins ranges from being 

insulin-sensitive (GLUT4 in muscles cells and adipocyte tissue) to insulin-insensitive 

(GLUT2 in the β-cells of pancreas and in the liver, GLUT3 in the brain). Translocation of 

vesicles, containing GLUT4, to the cell membrane can be mediated by insulin receptor 

signaling and activated intracellular pathways as the PI-3K and MAP kinase systems, thus 

enhancing intracellular glucose levels [4,5]. However, in T2DM patients, there is a defective 

activation of the intracellular pathways and therefore reduced ability to translocate GLUT4 to 

the cell membrane [6]. 

 

Diagnosis 

 

The Swedish guidelines for diabetes diagnosis were updated 2014 and involve any of the 

following features [8,9]: 

 

 Fasting Plasma Glucose (FPG) ≥7,0 mmol/L (confirmed at two separate occasions), 

 Oral Glucose Tolerance Test (OGTT) ≥ 12,2 (capillary) or 11,1 (venous) mmol/L 

(confirmed at two separate occasions), 

 Random Plasma Glucose (RPG)  ≥ 12,2 (capillary) or 11,1 (venous) mmol/L together 

with symptoms of hyperglycemia,  

 HbA1c ≥ 48 mmol/mol (confirmed at two separate occasions), 

 HbA1c ≥ 48 mmol/mol together with FGP  ≥ 7,0 mmol/L or OGTT ≥ 12,2 (capillary) or 

11,1 (venous) mmol/L. 

 

 



7 

 

Glycated Hemoglobin 

 

Hemoglobin (Hb) is primarily located in the erythrocytes and in an average adult, the subtype 

HbA (consists of the dimers α2, β2) constitutes 97% of the total Hb, whereas A2 (α2, δ2) and 

fetal Hb (α2, γ2) form a small amount. HbA comprises the subtypes A0, A1a, A1b and A1C. 

Depending on glucose concentration in blood, variations in glycated hemoglobin (HbA1C) can 

be measured as a result of blood sugar levels over time. Hyperglycemia leads to increased 

intracellular glucose levels, resulting in an elevated formation of HbA1c as glycation of the N-

terminal on the β-chain occurs. More serious cases and several episodes of hyperglycemia 

lead to an increased possibility for glucose attachment to other parts of Hb [10]. 

Considering the measurement of HbA1C, there are several methods available. The assays make 

use of differences in charge, chemistry and structural disparity between glycated and non-

glycated Hb [11,12]. However, several factors can interfere with the test results, including 

biological causes as hemoglobinopathies, anemia, jaundice, hyperlipidemia and renal failure 

[9,11]. The HbA1C value is related to erythrocyte survival [10], a period of on approximately 

120 days [5] (on average 117 days in males and 106 days in females). In other words, the 

value reflect glycemic control of approximately 120 days, of which preceding month’ glucose 

levels contribute for about 50%, compared to the prior period of 3-4 months which accounts 

for approximately 10% [10]. 

HbA1C is a valuable instrument for analysis of long-term diabetes regulation and is often used 

in diabetic care. Earlier reports argued not to use HbA1c for diagnosing diabetes due to the 

previous lack of assay standardization [13]. However, an international standardization by 

International Federation of clinical Chemists (IFCC) has led to increased arguments for using 

the method for diagnosis. Also, IFCC suggested reporting HbA1c in absolute values in 

[mmol/mol] instead of the previous unit specified as percent [%] HbA1c of the total Hb 

concentration [14]. Furthermore, WHO recommended use of HbA1c as a diagnostic tool in 

2011 [15], and Sweden adapted the recommendations in 2014 [9].  

 

Resistance Training 

 

Participation in physical activity (PA) on a regular basis is linked to the prevention of illness 

and improvement in health status. According to WHO, sedentary people have a raised overall 
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mortality risk with 20-30%, in comparison to those who undertake moderate intensity PA 

most weekdays, 30 minutes per session. Further benefits are reduced illness risk among the 

population who are active in moderate PA 150 minutes per week, for instance, the diabetes 

risk is approximately reduced by 27% [16]. Likewise, the risk of getting ischemic heart 

disease, stroke and hypertension is also lowered [16]. Life-style factors, involving regular PA, 

has further been proved to prevent or delay onset of T2DM according to improved blood 

glucose control in high-risk patients with impaired glucose intolerance [17,18]. Additionally, 

PA is an important part of diabetes management for the prevention of disease progression 

towards complications. American College of Sports Medicine (ACSM) and American 

Diabetes Association (ADA) recommend aerobic training (AT) for at least 150 min per week 

and additionally resistance training (RT) at a minimum of 2-3 days per week parallel with the 

pharmacology treatment [19]. According to an American study published in 2007, only 39 % 

of the diabetes patients in the U.S undertake PA in contrast to 58% among the population 

without diabetes [20]. 

The benefits of exercise are primarily determined by training duration, intensity and 

frequency [7]. PA will improve the tissue sensibility for insulin, even at rest. Glucose uptake 

in the striated skeletal muscle increases remarkably during exercise. The mechanism is 

insulin-independent enlarged glucose influx into the muscle cells due to an increased 

translocation of GLUT4 to the cell membrane [5,7,21]. Furthermore, long-term exercise has 

been proved to increase the expression of GLUT4 proteins, in addition to effects on mRNA 

level [22]. Exercise training is physiologically divided in aerobic contra anaerobic training 

depending on the dominating metabolism, with differences in the usage of oxygen, energy 

substrates and rest products. Heavy weight resistance training (RT) is considered an extreme 

version of anaerobe training due to the short-time high intensity workload with the main 

energy source glycogen splitting into lactate [7]. RT results in increased strength and enlarged 

muscle mass [23] and has also been described to improve insulin sensitivity and glycemic 

control [24]. 

Many of the metabolic disturbances in T2DM is reversible with appropriate interventions [6]. 

It has been demonstrated that even without weight loss, exercise provide positive outcomes as 

lowered plasma glucose concentration and decreased insulin resistance [23]. A randomized 

trial showed that lifestyle intervention (PA 2-3 times per week combined with diet advices) 

was equally effective in reducing HbA1c as initiation of insulin treatment in a group T2DM 

patients treated with oral hypoglycemic agents alone [25]. Prior studies have tended to focus 
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on aerobic exercise as diabetes intervention and prevention [24,26]. Data on whether RT has 

similar or better effect than AT and the exact response to RT in T2DM patients is not clear 

[27]. 

 

Objective 

 

The aim of this systematic review is to examine the effect of exercise, with focus on 

resistance training, as an isolated treatment in patients with type 2 diabetes. Likewise, the 

ambition is to compare the effects of resistance training in contrast to aerobic exercise on the 

primary outcome HbA1c in patients with the diagnosis T2DM. The objective is clarified in the 

PICO model [28], as follows:  

 

Population:  Patients diagnosed with diabetes mellitus type 2 

Intervention:  Resistance training 

Control:  Aerobic training 

Outcome:  HbA1c measurement 

 

Materials and Methods 

 

Writing a systematic review has a number of important features to consider. The study design 

comprises well framed objectives, predetermined eligibility criteria and a methodical 

progression towards the result grounded on previous studies. The included articles are validity 

assessed and should cover a basis characterized by high specificity and sensitivity to answer 

the research question [28-30]. Ethical consideration in systematic reviews must be taken 

regarding the selection and presentation of studies [28]. In the current review are all the 

included articles ethical approved and officially published. All the collected data is presented 

in a transparent manner with clear references to avoid misleading results. 
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Search Strategy  

 

The database The Cochrane Library, including its subdivision Cochrane Central Register of 

Controlled Trials, and the database PubMed were electronically searched on April 23, 2014. 

Further research details are presented in results (figure 1), but a summarization in text 

follows. The selection of search words is based on the PICO-model for the purpose to collect 

adequate articles. The database exploration was prepared by test searches in respective 

database to control establishment of each search word. The free search words and MeSH 

terms (Medical Subject Headings) were afterwards chosen and organized in categories 

(Appendices 1,2). 

In The Cochrane Library database, search limitations were made by filters for trials and 

publication date between 2004/01/01 and 2014/12/31. The used filters in PubMed were RCT, 

humans and publication date from 2004/01/01 to 2014/12/31. Data management was 

performed using the reference program RefWorks, where all found articles were placed and 

organized for further analysis. 

 

Selection Criteria 

 

Predetermined criteria for inclusion and exclusion were set to achieve high sensitivity and 

specificity for the current systematic review. The included articles are peer-reviewed, ethical 

approved, written in English and the study design is limited to randomized controlled trials 

(RCT) investigating the effect of RT in patients with type 2 diabetes using HbA1c 

measurement as primary or secondary outcome. Publication between 2004 and 2014 is a 

criterion for attaining an up-to-date review on the subject. The trials are based on humans and 

the study population are adults (>18 y) and diagnosed with T2DM. In other words, outcomes 

grounded on samples including pre-diabetes and other types of diabetes have been excluded. 

The intervention, defined as isolated resistance training, is not combined with additional 

interventions as other exercise modalities or diet assessments. All included trials have an also 

an intervention or control group prone to AT and with a population analogous to the RT 

group. The outcome is glycemic control measured by HbA1c to get comparable results for 

analysis. A checklist for inclusion and exclusion (Appendix 3) was created to facilitate the 

assessment. 
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All included articles are accessible in full text at the Medical Library at Örebro University 

Medical Campus, non-available articles were excluded. Duplicates from different searches are 

removed. 

 

Quality Assessment Tool 

 

The PEDro Scale (Appendix 4) was used as quality assessment tool in the current systematic 

review [31]. The scale involves 11 items and is originally a modified version of the Delphi list 

[32]. The PEDro scale is especially developed to rank articles in the Physiotherapy Evidence 

Database (PEDro) and is further widely used for quality analysis in the physiotherapy field 

with accepted validity [33]. Each positive answered item scores one point, except criterion 

one which is excluded in the calculation of the total score. The maximum score and highest 

quality assessment measured by the PEDro scale is thereby ten points [31]. 

 

Results 

Search Results 

 

All the found articles from PubMed (n=151) and Cochrane Library (n=115) were placed in 

RefWorks. Duplicates from the different searches were excluded (n =84) by an automatic 

function in RefWorks, resulting in 182 articles for further analysis. Additional duplicates were 

found in the following two manually performed exclusion steps, thus missed in the initial 

duplicate removal.  

 

Initially, the titles were reviewed to exclude articles based on the headings’ conformation with 

the objective and the PICO-model (n=60 excluded) followed by abstract reviews to remove 

further studies (n=93 excluded), resulting in 29 articles for full-text review. All 29 articles 

were available in full-text. Based on the full-text review, twelve articles were excluded (based 

on reasons listed in appendix 6) and 17 met the inclusion criteria and were further evaluated. 

 

Several articles were identified as duplicate publications. According to Cochrane Handbook, 

attention need to be taken as inclusion of multiple versions of the same trial can introduce 
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biases in a review article [29]. Following articles are duplicate publications and the assessed 

origin study are marked with boldface below. All sub-studies with equal duration were 

excluded (Appendix 6) from the current systematic review as the outcomes, HbA1c 

measurements, were supposed to be similar in the additional reports from the same trial.  

 

Main trials:   Reports: 

 

Main trial   Sigal et al [34]  included 

   Larose et al (2012)  excluded 

 

Main trial   Bacci et al [35]  included 

   Bacci et al (2012)a  excluded 

 

Main trial   Church et al [36]  included 

   Johannsen et al (2013)  excluded 

    Senechal et al (2013)  excluded

   Sparks et al (2013)  excluded 

   Swift et al (2012)  excluded 

 

Main trial   Jorge et al [37]  included 

   De Oliviera et al (2012)  excluded

   

Likewise, Arora et al. [38] and Shenoy et al. [39] were based on the same population. 

However, the duration differs with 8 weeks compared to 16 weeks respectively. Even if Arora 

et al. was published before, the choice was made to only include Shenoy et al. due to the 

longer duration of the follow up. 

 

To summarize, seventeen publications originating from nine studies met the inclusion criteria. 

All sub-studies were excluded (n = 8), as described above, resulting in nine papers included in 

the current systematic review. The included trials are conducted in diverse settings, Italy [35], 

Austria [40], USA [36], Brazil [37], Greece [41], Singapore [42], India [39], Canada [34] and 

New Zealand [43]. Further search details are presented in Figure 1. 
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Study Quality 

 

After exclusion based on full-text review were the remaining articles assessed using the 

PEDro Scale [31]. The PEDro score of each assessed article are presented in table 1. All 

quality assessed articles were included in the current review. The PEDro scores ranged from 

the top score 8 [34] to the lowest score 4 [40,43], out of 10 in total. The calculated median 

value of the included articles’ PEDro scores was 5. 

 

All included articles reported randomized allocation and were thereby RCT’s in line with the 

inclusion criteria. RCT is considered a high evidence study design to test hypotheses and 

detect reliable effects of an intervention [28]. Furthermore, all studies described eligibility 

Figure 1. Flow chart of search results 
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criteria for inclusion of participants, even if criterion one was excluded from calculation of the 

total PEDro score [31]. None of the included studies had blinded subjects due to the 

circumstances of the intervention, as blinding of exercise modalities is problematic. Neither 

reported any paper blinding of therapists, even if assessor blinding were present in four 

studies [34-36,42]. Three papers [34,36,42] described the use of intention-to-treat analysis 

clearly, meaning that all allocated participants with measured outcomes were included in the 

analysis, even if they not received the intervention as planned [31]. 

 

 

 

Table 1. Quality assessment by PEDro Scale. Further details regarding the PEDro items is presented in Appendix 4. 
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 [35] Bacci et al. (2012) (Yes) Yes Yes Yes No No Yes Yes No Yes Yes   7 

 [40] Cauza et al. (2005) (Yes) Yes No No No No No Yes No Yes Yes   4 

 [36] Church et al. (2010) (Yes) Yes No Yes No No Yes Yes Yes Yes Yes   7 

 [37] Jorge et al. (2011) (Yes) Yes No Yes No No No Yes No Yes Yes   5 

 [41] Kadogou et al. (2013) (Yes) Yes No Yes No No No Yes No Yes Yes   5 

 [42] Ng et al. (2010) (Yes) Yes Yes Yes No No Yes No Yes Yes Yes   7 

 [39] Shenoy et al. (2009) (Yes) Yes No Yes No No No Yes No Yes Yes   5 

 [34] Sigal et al (2007) (Yes) Yes Yes Yes No No Yes Yes Yes Yes Yes   8 

 [43] Sukala et al. (2012) (Yes) Yes No Yes No No No No No Yes Yes   4 

                                



15 

 

Baseline Characteristics 

 

All the included articles, except one, reported similarity between groups at baseline. The 

exception, Cauza et al. [40], described differences in baseline features as the RT group 

showed higher levels of triglycerides and fasting blood glucose compared to the AT group. 

However, HbA1c levels were similar between groups.  

In general, all nine papers included sedentary participants diagnosed with T2DM with a 

diagnosis duration of at least 6 months. All trials excluded patients with severe illnesses and 

complications of diabetes, conditions that prevented participation in exercise training. In all 

papers, participants were told to continue with their current medication, yet they were allowed 

to change medication if necessary. The age of participants varied, the youngest population 

(39-59 y) was found in Sukala et al. [43], in contrast to other studies with participants of age > 

50 y [42], 56-70 y [41] and 50-70 y [40]. 

The sample size in each trial varied from n = 26 [43] to n = 262 [36]. Three studies had a 

sample size of ≥100 participants [34,36,41]. 

 

 

Resistance Training 

 

All trials described an outpatient design, meaning that participants were living under free 

conditions except the intervention. Four studies [35,40,42,43] had two allocation groups (RT 

and AT) whereas one [39] had three groups (RT, AT and C) and remaining four [34,36,37,41] 

had four groups (RT,AT, combined RT/AT and C).  

 

The duration of the intervention varied from 8 weeks [42] to 9 months [36]. All RT programs 

were supervised, targeted a whole body workout and consisted of different exercises on 

weight machines and free weights. The frequency of RT varied from 2 [39,42] to 4 [41] 

sessions per week. The amount of each exercise varied from 2 to 4 sets with the number of 

repetitions varying between 6 and 10. Five trials [35,37,39,41,42] used percent of one 

repetition maximum (1-RM) as measurement for exercise intensity and weight regulator, the 

remaining studies calibrated weights according to the participants’ exhaustion when 

performing a specific number of repetitions.  
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Aerobic Training 

 

The AT in the included trials consisted of different types of endurance exercises as cycling, 

running and walking. In most studies, a treadmill or/and a cycle ergometer were used for the 

purpose. The frequency varied from 2 [42] to 4 [41] sessions per week. In general, the number 

of weekly sessions were similar in the RT group compared to the AT group in each trial, 

although there were disparity in two studies. Church et al. [36] did not report any exact 

number of weekly sessions of AT (instead 150 min per week), whereas Shenoy et al. [39] 

subscribed 2 sessions of RT per week compared to 3 times weekly in the AT-group. The 

duration of each session varied from initially (first 4 weeks) 15 min [40] to a maximum of 60 

min per session [41]. 

 

Among the four trials with a combined intervention group, Sigal et al. [34] had participants 

who performed the full RT plus full AT program, in contrast to two studies [37,41] with 

participants performing half of the RT and additionally half of the AT program. Lastly, 

Church et al. [36] combined 10 kcal/kg per week of AT with 2 sessions per week of RT. 

 

Glycemic Control 

 

Details considering glycemic control are presented in Table 2. HbA1c levels were presented 

with two different units in the studies, most papers used the relative unit percent [%] HbA1C, 

while a few presented results with the absolute value of HbA1c [mmol/mol]. 

 

Similar reduction of HbA1c after separate RT and AT interventions, were reported in three 

studies [34,35,42]. Bacci et al. [35] reported -0.40 % reduction of HbA1c after 4 months of RT 

compared to -0.35 % reduction after AT (P < 0.0001), without significant intergroup 

differences. Likewise, Ng et al. [42] described reduced HbA1c with -0.4 % after 8 weeks of 

RT and reduced HbA1c value of -0.3 % after AT, no significant difference between groups. 

Sigal et al. [34] showed similar improvements between AT and RT groups, whereas the 

combined group resulted in additional reduction. Three studies reported non-significant effect 

in HbA1c values after either AT or RT alone [36,37,43]. 
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Table 2. Metabolic outcome (HbA1c) of the included studies. 

Author (Year) 

Journal 
Design Changes in HbA1c [%] 

NS = Not significant 

Conclusion PEDro Score 

Bacci et al. (2012) 

 

Diabetes Care 

 

RCT Mean (95% CI) change within groups: 

 

RT: -0.40 (-0.61 to -0.18)  
AT: -0.35 (-0.59 to -0.10) 

 

P value, time < 0.0001 
P value, time-by-group interaction = 0.759 

HbA1c was similar reduced in both groups after 

4 months.  

7 of 10 

Cauza et al. (2005)  
 
Archives of Physical 

Medicine and 

Rehabilitation 

RCT Mean ± SE. Changes within groups: 

 
RT: -1.2 (P=0.001) 

Baseline 8.3 ± 1.7 changed to 7.1 ± 0.2  

AT: -0.3 (NS) 
Baseline 7.7 ± 0.3 changed to 7.4 ± 0.3 

 

Difference between groups, P = 0.04 

Significant decreased HbA1c in RT group, only 

moderate effects in AT after 4 months. However, 
baseline levels of TG and FBG were higher in 

RT compared to AT group.  

4 of 10 

Church et al. (2010)  

 

JAMA 

RCT Mean (95% CI) change within groups: 

 

RT: -0.04 (-0.23 to 0.14), P=0,32 
AT: -0.12 (-0.31 to 0.07), P=0.14  

RT/AT: -0.23 (-0.41 to -0.05), P=0.03 

A combination of AT and RT improved HbA1c 

significant, whereas NS improved in the AT or 

RT groups alone after 9 months. Though, in a 
subgroup with baseline HbA1c ≥ 7.0 %, both AT 

and combined groups showed significant 

reduction vs C. 

7 of 10 

Jorge et al. (2011) 

 

Metabolism Clinical and 

Experimental 

RCT Mean ± SD. Values at baseline and after 

intervention: 

 

RT: 8.51 ± 2.45 to 8.24 ± 2.13 (NS) 

AT: 7.63 ± 1.70 to 7.42 ± 1.48 (NS) 

RT/AT: 7.6 ± 1.12 to 7.53 ± 1.05 (NS) 

NS decrease in HbA1c among participants 
(P>0.05) in either group after 12 weeks. 

5 of 10 

Kadoglou et al. (2013) 

 

Diabetic Medicine 

RCT Mean ± SD change within groups:  

 

RT: -0.2 ± 0.05 (P<0.05) 
Baseline 8 ± 0.7  

AT: -0.6 ± 0.1 (P<0.05) 

Baseline 8.3 ± 1.1  

RT/AT: -0.9 ± 0.4 (P<0.05) 

Baseline 8.2 ± 1 

All exercise modalities improved metabolic 

profile significantly after 6 months.  

 
Most improvement in HbA1c in AT and the 

combined group compared to RT. 

5 of 10 

 Ng et al. (2010) 

 

Journal of 

Physiotherapy 

RCT Mean (SD) change within groups: 
 

RT: -0.4 (0.6) 

Baseline 8.9 (1.5) changed to 8.4 (1.2)  
AT: -0.3 (0.9) 

Baseline 8.5 (0.9) changed to 8.1 (1.1)  

The change in HbA1c was similar in both groups, 
NS between groups after 8 weeks. 

7 of 10 

Shenoy et al. (2009) 

 

International Journal of 

Diabetes & Metabolism 

RCT Mean ± SD. Values at baseline and after 
intervention:  

 

RT: Baseline 7.57 ± 1.4 changed to 5.74 ± 0.8  
AT: Baseline 8.11 ± 0.9 changed to 6.78 ± 1.3  

 

 

Both RT and AT groups showed significant 
(P=0.002) decrease in HbA1c after 16 weeks. 

Participants with higher HbA1c at baseline had 

greater reduction after intervention than 
participants with low initial level. 

5 of 10 

Sigal et al. (2007)  

 

Annals of Internal 

Medicine 

RCT Mean (SD). Values at baseline and after 
intervention: 

 

RT: Baseline 7.48 (1.47) to 7.18 (1.52) 
AT: Baseline 7.41 (1.50) to 6.98 (1.50) 

RT/AT: Baseline 7.46 (1.48) to 6.56 (1.55) 

Combined exercise resulted in additional change 
in HbA1c values, even if both AT and RT 

significantly improved HbA1c alone compared to 

the control group after 6 months. Greater effect 
in patients with higher HbA1c levels at baseline.  
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 Sukala et al. (2012) 

 

European Journal of 
Applied Physiology 

RCT 

 

Mean ± SD change within groups: 

 

RT: -0.1 ± 1.1 (P=0.86) 
Baseline 10.7 ± 2.1 changed to 10.6 ± 2.4 

AT: -0.1 ±  0.6 (P=0.60) 

Baseline 8.9 ± 1.9 changed to 8.8 ± 2.1  
 

NS change in HbA1c in RT or AT groups after 

16 weeks.  

4 of 10 
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Discussion 

 

In the present review, nine randomized controlled trials were included. The main results 

varied, three studies described no significant effects after either RT or AT alone [36,37,43]. 

Six articles reported improvements in HbA1c values after RT intervention alone [34,35,39-42], 

of which five also reported significant effects after AT [34,35,39,41,42]. Besides, three papers 

described a superior effect after the combined intervention compared to RT and AT alone 

[34,36,41]. Taken together, the major part of the included studies demonstrated improvements 

in glycaemic control in each individual intervention group. However, the results were not 

obvious in either direction regarding the comparison of the different groups’ effect on HbA1c 

after the intervention. 

 

The aim was to compare the effects of aerobic and resistance training in subjects diagnosed 

with T2DM. The included studies were conducted in different countries with varying sample 

sizes, yet all investigated the effects of different exercise modalities in participants diagnosed 

with T2DM. The quality and amplitude of the papers ranged, Church et al. [36] and Sigal et 

al. [34] were the largest trials and were also assessed with highest quality (Table 1). The 

sample sizes of the studies were 262 and 251 participants respectively. Both showed similar 

results in that the combined exercise group reduced their HbA1c level more than each 

intervention group alone. Nonetheless, the Sigal et al. trial also showed significant decreased 

HbA1c values of similar size in each intervention group alone, even if additional change was 

seen in the combined group after 6 months. However, the combined group of the Sigal et al. 

study was subscribed full RT plus full AT program, resulting in double exercise volume 

compared to the RT and AT groups alone. The additional exercise volume might explain the 

differences in outcome between the groups, as exercise effects are related to duration, 

frequency and intensity [7]. Still, Church et al. trial reported no significant (P > 0.05) effects 

in neither RT nor the AT group, but demonstrated effect in the combined group. The 

combined group was performing exercise of similar amount as the other groups [36]. 

 

Compliance to intervention was relatively high in the included trials, yet were all exercise 

sessions supervised. PA provide positive effects on health status, but participation in regular 

exercise among T2DM patients generally low [20]. A previous randomized study, 

investigating metabolic effects of 6 months of supervised RT followed by 6 months of home-

based RT without supervision, reported no effects on metabolic control due to reduced 



19 

 

compliance during the home-based period [44]. According to the results of the current review, 

both AT and RT have effects on metabolic control and HbA1c, but only if maintained in 

sufficient levels over time. A prior Cochrane review involving different exercise modalities, 

recommended implication of any exercise type for T2DM patients, though individually 

adapted to encourage long-term maintenance of PA [23]. 

All papers described inclusion and exclusion criteria for trial participation and the results are 

therefore of external validity for T2DM patients worldwide. However, all studies excluded 

patients with advanced diabetes disease and other forms of severe illness. But no severe 

adverse events during RT were reported in the included studies, which could motivate all 

T2DM patients to participate in RT if possible. Nonetheless, caution must be taken when 

contraindicated conditions is present, even if RT might be preferable compared to AT in many 

such cases [6]. RT might be experienced as a low intensity form of exercise due to the rests 

between performed sets, if compared to AT, which mostly is performed without resting 

periods. However, before initiation of any exercise programme should T2DM patients, 

especially those with diabetes complications, consult healthcare for control of cardiac status, 

periphery neuropathy, foot status, eye complications and renal disease. The two latter may 

worsen due to elevated blood pressure during exercise [7].   

The limitations of the current study is primarily related to the restricted timeframe. For the 

purpose to collect a reasonable number of search results, search limitations were 

predetermined. The inclusion criteria, publication year 2004 to 2014, could have been 

amplified to involve earlier published studies to ensure inclusion of all appropriate articles on 

the theme. Furthermore, the decision to only include English studies might introduce biases in 

a systematic review. In some cases, translation of studies published in other languages could 

be appropriate to get a comprehensive result [29]. Likewise, a manually search in the 

reference lists of the included articles could have been performed for additional articles if 

time had been sufficient. The result in a systematic review depend on the selection and quality 

of the included articles. Several studies had relatively small sample sizes, only three studies 

included ≥100 participants [34,36,41]. Additionally, two individual assessors should perform 

the quality assessment of the articles in a systematic review. Unfortunately, only one person 

performed the validation in the current review [28]. Furthermore, there are several quality 

assessment tools available. The PEDro Scale does not cover all features that could be 

included in a quality validation procedure. However, it has been considered as a valid tool for 

quality analysis and was therefore chosen [33].  
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The present review was performed with focus on the outcome HbA1c, but previous literature 

describe further positive effects of RT in addition to HbA1c reduction. For instance, RT is the 

main exercise modality for increasing muscle volume, which is especially important in older 

people who often are prone to reduced muscle mass [7]. But as stated earlier, the exact 

mechanisms in the response to RT is not completely understood and need further investigation 

[27]. 

Conclusion 

In conclusion, RT is an alternative form of exercise for T2DM patients. According to the main 

part of the studies, each exercise modality seem to have the ability to improve HbA1c values in 

T2DM patients, even if the combination of RT and AT is the superior form.  
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Appendix 1. Search Strategy, PubMed 

Found articles: n=151 for further analysis. Duplicates = [n], Remaining articles= RA. Filters: Randomized 

Controlled Trial; Publication date from 2004/01/01 to 2014/12/31; Humans. Grey-marked rows are summarized and 

further analysed. 

Nr Date Search words 
Found 

articles 

 RA 
[Duplicates excluded] 

I 14-04-25 

#1 = "Resistance Training" OR "Training, Resistance" OR 

"Strength Training" OR "Training, Strength" OR "Resistance 

Exercise" OR "Strength Exercise" 

n=2934  

II 14-04-25 

#2 = "Diabetes Mellitus, Type 2" OR " Diabetes Mellitus, Type 

II" OR "Diabetes Mellitus" OR "Type 2 Diabetes Mellitus" OR 

"Type 2 Diabetes" 

n=7430  

III 14-04-25 
#3 = "Hemoglobin A, Glycosylated" OR "HbA1c" OR "HbA1" 

OR "Glycosylated hemoglobin A" OR "Glycohemoglobin A" 
n=2527  

IV 14-04-25 #4 ="Resistance Training"[MeSH Terms] n = 1108  

V 14-04-25 #5 = "Diabetes Mellitus, Type 2"[Mesh Terms] n = 4766  

VI 14-04-25 #6 = "Hemoglobin A, Glycosylated" [Mesh Terms] n = 2040  

VII 14-04-25 #1 AND #2 AND #3 n = 45 n =45 

VIII 14-04-25 #1 AND #2 n = 144 n = 99 [45 duplicates] 

IX 14-04-25 #1 AND #3 n = 52 n = 7 [45 duplicates] 

X 14-04-25 #2 AND #3 n = 2324  

XI 14-04-25 #4 AND #5 AND #6 n = 14 n = 0 [14 duplicates] 

XII 14-04-25 #4 AND #5  n =   46 n = 0 [46 duplicates] 

XIII 14-04-25 #4 AND #6 n = 16 n = 0 [16 duplicates] 

XIV 14-04-25 #5 AND #6 n = 1461  

Total: 14-04-25 Searches summarized (VII+VIII+IX+XI+XII+XIII) n= 317  n = 151 [166 duplicates] 
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Appendix 2. Search Strategy, Cochrane Library 

 
Found articles: n=115 for further analysis. Duplicates = [n], Remaining articles= RA. Filters: Publication Date 

from 2004 to 2014, in Trials. Grey-marked rows are summarized and further analysed. 

Nr Date Search words 
Found 

articles 

 RA  

[Duplicates excluded] 

I 14-04-25 

#1 = "Resistance Training" OR "Training, Resistance" OR 

"Strength Training" OR "Training, Strength" OR "Resistance 

Exercise" OR "Strength Exercise" 

n = 2353 

 

 

II 14-04-25 

#2 = "Diabetes Mellitus, Type 2" OR " Diabetes Mellitus, Type 

II" OR "Diabetes Mellitus" OR "Type 2 Diabetes Mellitus" OR 

"Type 2 Diabetes" 

n = 11139  

III 14-04-25 
#3 = "Hemoglobin A, Glycosylated" OR "HbA1c" OR "HbA1" 

OR "Glycosylated hemoglobin A" OR "Glycohemoglobin A" 
n = 3026  

IV 14-04-25 #4 ="Resistance Training"[MeSH Terms] n = 1091  

V 14-04-25 #5 = "Diabetes Mellitus, Type 2"[Mesh Terms] n = 4992  

VI 14-04-25 #6 = "Hemoglobin A, Glycosylated" [Mesh Terms] n = 2084  

VII 14-04-25 #1 AND #2 AND #3 n = 36   

VIII 14-04-25 #1 AND #2 n = 114   

IX 14-04-25 #1 AND #3 n = 42   

X 14-04-25 #2 AND #3 n = 2771  

XI 14-04-25 #4 AND #5 AND #6 n =14   

XII 14-04-25 #4 AND #5  n = 42   

XIII 14-04-25 #4 AND #6 n = 16   

XIV 14-04-25 #5 AND #6  n = 1482 

Total: 14-04-25 Searches summarized (VII+VIII+IX+XI+XII+XIII) n = 264 n = 115 [149 duplicates] 
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Appendix 3. Checklist for inclusion and exclusion 

 

 

Author: 

…………………………………………………………………….........................................  

Publication year: 

……………………………………………………………………….........................................  

Title: 

……………………………………………………………………….........................................  

Date: 

……………………………………………………………………….........................................  

 

 

 To quality assessment (met inclusion criteria) 

 

 Excluded based on:  

 

 Incorrect population  

 Incorrect intervention  

 Incorrect control group  

 Incorrect outcome  

 Not RCT 

 Not published in English 

  Not available in full-text 

 

 

 

Inclusion criteria Y/N   Exclusion criteria  Y/N 

Study design: RCT     Lack of randomization   

Language: English     Study based on animals   

Peer-Reviewed     Duplicates   

Studies based on humans     
Study population with of other types 

of diabetes and pre-diabetes 
  

Full text article available      Children/Adolescents (< 18 y)   

Study population with the diagnosis 

T2DM and adults (> 18 y) 
    Combined interventions   

Resistance training as an isolated 

intervention 
       

Aerobic training as control       
  

HbA1c as primary or secondary 

outcome 
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Appendix 4. Quality Assessment Tool 

 
Following two pages comprises the PEDro Scale and are copied from Physiotherapy Evidence Database [31]. 
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Author (Year) 

Journal 

 

Setting 

 

Duration  

 

N = Sample (completed) 
RT/AT = Combined 

intervention 

C = Control 
M/F = Males/Females 

Y = Age 

 

 

 

 

 

Patient characteristics 

 

 

 

 

 

Objective 

 

 

 

 

 

Intervention 

 

F = Frequency 

I = Intensity 

D = Duration 

R = Repetitions 

1-RM = One Repetition 

Maximum 

 

Control  

 

Outcome  

P = Primary 

S = Secondary 

Bacci et al. 

(2012)b 
 

Diabetes Care 

Italy 4 months N = 40 (38) 
RT = 20 (19) 

AT = 20 (19) 

 
M=28/F=12 

40-70 y 

Included: T2DM. Untrained (PA < 1000 
MET min per week by IPAQ), BMI 24-

36kg/m2, stable weight prior 2 months, 

oral hypoglycaemic medication. Baseline 
HbA1c = 6.5-9.0% 

 

Excluded: Smokers, patients unable to 
perform intervention, different chronic 

illnesses/complications of diabetes 

Compare effects of 
different training 

modalities on 

HbA1c and 
metabolic risk 

factors. 

RT:  Supervised. 9 
exercises on weight 

machines and free 

weights, involving all 
major muscle groups. 

F = 3 times/week 
I = 3 sets x 10 reps on each 

machine, learning phase with 

30-50% of 1-RM, later 
gradually increased to 70-

80% of 1-RM. 

D = 60 min/session 

AT: Supervised on 
cardiovascular training 

equipment. 

F = 3 times/week 
I = Maximum 60-65% 

of reserve HR 

D = 60 min/session 

P = HbA1c.  
S = insulin sensitivity, 

beta-cell function, 

cardiorespiratory fitness, 
muscle strength, body 

composition, metabolic 

profile. 

Cauza et al. 

(2005)  
 

Archives of 

Physical 
Medicine and 

Rehabilitation 

Austria 4 months N = 43 (39) 

RT = 22 

AT = 17 

 

M=22/F=21 
50-70 y 

Included: T2DM. Diabetes diagnosis 

based on FPG over 7,0mmol/L. No 

limitations in BMI or body weight. All 

participants were told to continue current 

medication and keep energy intake 
unchanged. Not involved in organized 

exercise programs. 

 
Excluded: Comorbid conditions and 

complications of diabetes. Severe illness. 

Compare effects of 

different training 

modalities on 

metabolic control, 

strength, and 
cardiovascular 

endurance in 

T2DM. 

RT:  Supervised. Up to 6 

sets per muscle group per 

week. Exercises included: 

bench press, chest cross, 

shoulder press, pull 
downs, biceps curls, 

triceps extension, sit-ups, 

leg press, calf raises, and 
leg extensions.  

Warm-up of moderate 

cycling 10 min. 

F = 3 times/week 

I = 3 sets x 10-15 reps. 

Number of sets was 

increased from 3 at the 

beginning to 6 at the end. 
Aiming at maximal possible 

rep per set 10-15. 

AT = Cycle Ergometer 

F = 3 times/week 

I = 60% of VO2 max 

D = 15 min/session first 

4 weeks, afterwards 
increased by 5 min 

every 4 weeks. Total 

exercise time was 90 
min per week last 4 

weeks. 

P = HbA1c, blood 

glucose, insulin, lipid 

analysis 

Church et al. 

(2010)  

 

JAMA 

USA 9 months N = 262 (245) 
RT = 73 (68) 

AT = 72 (69) 

RT/AT = 76 (71) 
C = 41 (37) 

 

M=37%/F=63% 
30-75 y 

Included: T2DM. Population from 
Louisiana. Sedentary (not exercising more 

than 20 min on ≥3 days/week). Baseline 

HbA1c = 7.7% (SD 1.0), 6.5% to 11% at 
baseline. Diagnosis based on medical 

history review. 97.3% taking diabetes 

medications (with 18.3% insulin). 
 

Excluded: BMI > 48.0, BP > 

160/100mmHg, insulin pump users, 
serious medical condition etc. 

Compare effects of 
different training 

modalities on 

HbA1c in T2DM 

RT:  Supervised. 4 upper 
body exercises (bench 

press, seated row, 

shoulder press and pull 
down), 3 sets of 3 leg 

exercises (leg press, 

extension and flexion), 2 
sets each of abdominal 

crunches and back 

extensions. 

F = 3 times/week 
I = 2 sets of 4 upper body 

exercises, 3 sets of  3 leg 

exercises, 2 sets each of 
abdominal crunches and back 

extensions. Each set was 10-

12 reps-The weight was 
increased when participant 

could make 12 reps in each 

set during to sessions. 

Estimated 150 
min/week of moderate 

exercise, 10-12 kcal/kg 

body weight per week,  
AT = 12 kcal/kg/week 

I = 50-80% of max 

oxygen consumption.  
RT/AT = 10 

kcal/kg/week and AT 

and RT 2 times/week 
C = Offered classes 

with weekly stretching 

and was asked to keep 
current activity level  

P = HbA1c 
S = Anthropometry, 

fitness, strength, changes 

in diabetic medications. 

Jorge et al. 

(2011) 

 

 

Metabolism 

Clinical and 
Experimental 

Brazil 12 weeks N = 48 (42) 

RT = 12 

AT = 12 
RT/AT = 12 

C = 12 

 
M=18/F=26 

30-70 y 

Included: T2DM. Patients from diabetes 

ambulatory clinic. None of the subjects 

were involved in any regular exercise 
programs at baseline. Diabetes duration 

5.9 ± 4.3 y. Obese patients. Mean baseline 

HbA1c < 7.6% in AT, RT/AT and C. 
Mean baseline HbA1c in RT < 8.5%. 

 

Excluded: Insulin therapy and participants 
with conditions preventing PA. 

Compare effects of 

different training 

modalities on 
T2DM subjects on 

metabolic control 

etc. 

RT: Supervised. Circuit 

of  7 exercises (leg press, 

bench press, lat pull 
down, seated row, 

shoulder press, 

abdominal curls, knee 
curls) 

F = 3 times/week 

I = First 2 weeks, 2 sets x 10 

reps with 50 % 1-RM. And 
from third-twelfth weeks, 4 

sets x 8-12reps. All sets done 

until exhaustion, weights 
increased. 

R = 2 min between circuit lap 

D = 60 min/session 

AT: Cycling  

F = 3 times/week 

I = HR corresponding to 
lactate threshold. 

D = First week: 20 min, 

with 10 min added each 
week afterwards until 

session reached 50 min. 

RT/AT: Half of the 
intensity and half of the 

volume of AT and RT 

groups. 
C: Light stretching 3 

times/week. 

Glycaemic control, Lipid 

profile, Kidney Function 

markers, Liver function 
markers, Haematological 

profile, Hormones 
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Kadoglou et al. 

(2013) 

 

Diabetic 
Medicine 

Greece 6 months N = 100 (90) 
RT = 25 (23) 

AT = 25 (21) 

RT/AT = 25 (22) 
C = 25 (24) 

 

M=25/F=65 
56-70 y 

Included: T2DM. Obese/overweight 
patients (BMI >25kg/m2), diabetes 

duration >1y. Oral anti-diabetic 

medications. Baseline HbA1c ≥ 6.5% 
(HbA1c ≥ 48 mmol/mol), ranged 42-74 

mmol/mol (6.8 - 9.4%) at baseline. 

 
Excluded: Patients with diabetic 

complications and severe illness. 

Compare effects of 
different training 

modalities on 

adipokines, carotid 
intima-media 

thickness in T2DM. 

RT: Supervised. 8 
different exercises 

(seated leg press, knee 

extension, knee flexion, 
chest press, lat pull-

down, overhead press, 

biceps curl, triceps 
extension). 

F = 4 times/weekI = 2-3 sets 
x 8-10 reps with 60-80 % of 

1-RMD = Increased across 

first 4 weeks, then constant, 
60 min/session. 

AT: Supervised, 
walking, running, 

cycling etc.F = 4 

times/week 
I = max 60-75 % of HR. 

D = max 60 min/session 

RT/AT: Half the 
volume of groups RT 

and AT. 

C: 150 min/w of self-
controlled exercise. 

Blood samples (HbA1c 
among others), clinical 

parameters, peak 

oxygen uptake, carotid 
intima-media thickness 

measurements. 

 Ng et al. 

(2010) 

 

Journal of 

Physiotherapy 

Singapore 8 weeks N = 60 (49) 

RT = 30 (25) 
AT =  30 (24) 

 

M=19/F=41 
>50 y 

 

Included: Sedentary patients (never 

participated in structured exercise 
program), though able to walk 20 min and 

walk in stairs (unaided one flight). 

Baseline HbA1c: 8-10%. 
 

Excluded: HbA1c above 10 %, several 

conditions mentioned in article.  

Compare effects of 

different training 
modalities on 

metabolic profile in 

sedentary older 
adults with T2DM. 

 

 

RT: Supervised in 

group. Nine RT 
exercises, combined 

machines and free 

weights (seated leg 
press, straight leg raise, 

hamstrings curl machine, 

biceps curls, triceps 

curls, lateral raises 

(middle deltoids), front 

raises (anterior deltoids), 
hip abduction, hip 

extension) 

F = 2-3 times/week (18 

sessions during 8 weeks) 
I = 65% of 1-RM during first 

4 weeks. After 4 weeks 

progress to 70% of 1-RM. 
D = 50 min/session 

AT: Treadmill, 

elliptical cycle, 
stationary bicycle 

exercise. 

F = 2-3 times/week (18 
sessions during 8 weeks 

in total) 

I = First 4 weeks, 65% 

of age-predicted 

maximum HR. After 4 

weeks, progress to 70%. 
D = 50 min/session 

P = HbA1c 

S = blood glucose, lipid 
profile, anthropometric 

and cardiovascular 

measures, waist 
circumference, waist: 

hip ratio, BP, peak 

oxygen consumption 

Shenoy et al. 

(2009) 

 

Int J Diabetes 
& Metabolism 

India 16 weeks N = 30 (29) 

RT = 10 (9) 
AT = 10 (10) 

C = 10 (10) 
 

M= 16/F=14 

40-70 y 

Included: Inactive participants, no RT 

preceding 1 year, no insulin medication. 
Diabetes duration > 6 months. 

 
Excluded: Several conditions as 

uncontrolled hypertension, advanced 

neuropathy etc. 

Compare effects of 

different training 
modalities on 

metabolic control, 
blood pressure, HR 

and muscle strength 

in patients with 
T2DM. 

RT: Supervised. Warm-

up (cycling), seven 
exercises (biceps curls, 

triceps curls, front lateral 
pull down, back lateral 

pull down, knee 

extension exercises on 
quadriceps table, 

hamstring curls using 

quadriceps table and 
abdominal curls). 

F = 2 times/week 

I = 3 sets x 10 rep. 1-RM 
measured initially, then 

starting at 60% of 1-RM 
progressed to 100% during 

first 8 weeks. New 

measurement of 1-RM, then 
again progressed from 60-

100% of the new 1-RM 

during last 8 weeks. 

AT: Walking 

F = 3 times/week 
D = 30 min/session. 

 
C: No training 

HbA1c, FBG, BP, HR, 

muscle strength. 

Sigal et al. 

(2007)  

 

 

Annals of 

Internal 
Medicine 

Canada 26 weeks N = 251 (221) 

RT = 64 (57) 

AT = 60 (48) 
RT/AT = 64 (56) 

C = 63 (60) 

 
M=160/F=91 

39-70 y 

Included: Previously inactive participants, 

diabetes duration > 6 months. Baseline 

HbA1c: 6.6 % - 9.9 %. T2DM diagnosis 
based on ADA criteria. Mean BMI 

approximately 35 kg/m2. 

 
Excluded: Current insulin therapy, PA ≥ 2 

times/week and ≥ 20 min/session or RT 

previous 6 months. Medication changes 
previous 2 months. Changes in body 

weight etc. 

Compare effects of 

different training 

modalities on 
HbA1c in T2DM 

patients. 

RT: Supervised initial 4 

weeks, and biweekly 

thereafter. Seven 
different exercises on 

weight machines. 

F = 3 times/week 

I =  Progressed to 2-3 sets at 

maximum weight that could 
be managed during 7-9 reps. 

AT: Treadmill or 

bicycle ergometers. 

F = 3 times/week 
I = Progressed from 

60% to 75% of HRmax. 

D = Progressed from 
15-20 to 45 

min/session. 

RT/AT: Full RT + full 
AT programmes 

C: Pre-study PA level. 

P = HbA1c 

S = Body composition 

changes, lipid profile, 
blood pressure. 

Sukala et al. 

(2012) 

 

European 
Journal of 

Applied 

Physiology 

New 
Zealand. 

16 weeks N = 26 (18) 
RT = 13 (9) 

AT = 13 (9) 

 
M=28%/F=72% 

39-59 y 

Included: T2DM.. Sedentary participants, 
self-identified Polynesian descent, visceral 

obesity (waist circumference F>88cm and 

M>102cm). Diabetes duration 0,5-13 y. 
Unchanged diabetes medication previous 2 

months. Baseline HbA1c: 9.8 % ± 2.1 (all 

over 7 %). 
 

Excluded: Acute or chronic medical 

conditions. 

Compare effects of 
different training 

modalities on 

HbA1c in 
Polynesian adults 

with T2DM. 

RT: Supervised. Eight 
exercises using machine 

weights (seated leg 

press, knee extension, 
chest press, lat pull-

down, overhead press, 

biceps curls, triceps 
extension) 

F = 3 times/week 
I = 2-3 sets x 6-8 reps to 

exhaustion. Load increased 

when participant could 
manage 10 reps. 

D = 40-60 min/session 

(increasing progressively 
over time) 

R = 1 min between sets and 

exercises 

AT: Cycle ergometer. 
F = 3 times/week 

I = Progressed from 

65% to 85% of HR 
reserve during first 2 

weeks, then maintained. 

D = Duration at peak 
load increased in line 

with improved fitness 

P = HbA1c 
S = Diabetic markers, 

cytokines, lipid profile, 

anthropometric 
markers, hemodynamic 

markers. 



Appendix 6. Excluded articles 
 

  
Excluded articles based on full-text review (n = 12):   Reason for exclusion: 

    

1. Brooks N, Layne JE, Gordon PL, Roubenoff R, Nelson ME, Castaneda-

Sceppa C. Strength training improves muscle quality and insulin sensitivity 

in Hispanic older adults with type 2 diabetes. International Journal of 

Medical Sciences 2007. 

 Incorrect control, 

without AT group. 

2. Cauza E, Hanusch-Enserer U, Strasser B, Kostner K, Dunky A, Haber 

P. The metabolic effects of long term exercise in Type 2 Diabetes patients. 

Wien Med Wochenschr 2006. 

 Incorrect intervention, 

combined intervention. 

3. Cheung NW, Cinnadaio N, Russo M, Marek S. A pilot randomised 

controlled trial of resistance exercise bands in the management of sedentary 

subjects with type 2 diabetes. Diabetes Res Clin Pract 2009. 

 Incorrect control, 

without AT group. 

4. Dijk JW, Manders RJ, Tummers K, Bonomi AG, Stehouwer CD, 

Hartgens F, et al. Both resistance- and endurance-type exercise reduce the 

prevalence of hyperglycaemia in individuals with impaired glucose 

tolerance and in insulin-treated and non-insulin-treated type 2 diabetic 

patients. Diabetologia 2012. 

 Incorrect population, 

IGT included in the 

sample. 

5. Dunstan DW, Vulikh E, Owen N, Jolley D, Shaw J, Zimmet P. 

Community center-based resistance training for the maintenance of glycemic 

control in adults with type 2 diabetes. Diabetes Care 2006. 

 Incorrect control, 

without AT group. 

6. Geirsdottir OG, Arnarson A, Briem K, Ramel A, Jonsson PV, 

Thorsdottir I. Effect of 12-week resistance exercise program on body 

composition, muscle strength, physical function, and glucose metabolism in 

healthy, insulin-resistant, and diabetic elderly Icelanders. Journals of 

Gerontology.Series A, Biological sciences and medical sciences 2012. 

  Incorrect control, 

without AT group. 

7. Hameed UA, Manzar D, Raza S, Shareef MY, Hussain ME. Resistance 

Training Leads to Clinically Meaningful Improvements in Control of 

Glycemia and Muscular Strength in Untrained Middle-aged Patients with 

type 2 Diabetes Mellitus. North American Journal of Medical Sciences 2012. 

 Incorrect control, 

without AT group. 

8. Kadoglou NP, Fotiadis G, Athanasiadou Z, Vitta I, Lampropoulos S, 

Vrabas IS. The effects of resistance training on ApoB/ApoA-I ratio, Lp(a) 

and inflammatory markers in patients with type 2 diabetes. Endocrine 2012. 

 Incorrect control, 

without AT group. 

9. Mavros Y, Kay S, Anderberg KA, Baker MK, Wang Y, Zhao R, et al. 
Changes in insulin resistance and HbA1c are related to exercise-mediated 

changes in body composition in older adults with type 2 diabetes: interim 

outcomes from the GREAT2DO trial. Diabetes Care 2013. 

 Incorrect control, 

without AT group. 
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10. Moreira SR, Simões GC, Moraes JF, Motta DF, Campbell CS, Simões 

HG. Blood glucose control for individuals with type-2 diabetes: acute effects 

of resistance exercise of lower cardiovascular-metabolic stress. Journal of 

strength and conditioning research 2012. 

 Incorrect outcome, 

without HbA1c as 

outcome. 

11. Plotnikoff RC, Eves N, Jung M, Sigal RJ, Padwal R, Karunamuni N. 

Multicomponent, home-based resistance training for obese adults with type 

2 diabetes: a randomized controlled trial. International journal of obesity 

(2005) 2010. 

 Incorrect control, 

without AT group. 

12. Winnick JJ, Gaillard T, Schuster DP. Resistance training differentially 

affects weight loss and glucose metabolism of White and African American 

patients with type 2 diabetes mellitus. Ethn Dis 2008. 

 Incorrect outcome, 

without HbA1c as 

outcome. 

        
 

  
Duplicate Publications (n = 8):   Duplicate of: 

    

1. Arora E, Shenoy S, Sandhu JS. Effects of resistance training on metabolic 

profile of adults with type 2 diabetes. Indian J Med Res 2009. 
 Shenoy et al (2009) 

2. Bacchi E, Negri C, Trombetta M, Zanolin ME, Lanza M, Bonora E, et al. 
Differences in the acute effects of aerobic and resistance exercise in subjects 

with type 2 diabetes: results from the RAED2 Randomized Trial. PloS one 

2012. 

 Bacci et al (2012)b 

3. De Oliveira VN, Bessa A, Jorge ML, Oliveira RJ, de Mello MT, De 

Agostini GG, et al. The effect of different training programs on antioxidant 

status, oxidative stress, and metabolic control in type 2 diabetes. Appl Physiol 

Nutr Metab 2012. 

 Jorge et al (2011) 

4.  Johannsen NM, Sparks LM, Zhang Z, Earnest CP, Smith SR, Church TS, 

et al. Determinants of the Changes in Glycemic Control with Exercise 

Training in Type 2 Diabetes: A Randomized Trial. PloS one 2013. 

 Church et al (2010) 

5. Larose J, Sigal RJ, Khandwala F, Prud'homme D, Boulé NG, Kenny GP. 

Associations between physical fitness and HbA?(c) in type 2 diabetes mellitus. 

Diabetologia 2011. 

 Sigal et al (2007) 

6. Senechal M, Swift DL, Johannsen NM, Blair SN, Earnest CP, Lavie CJ, et 

al. Changes in body fat distribution and fitness are associated with changes in 

hemoglobin A1c after 9 months of exercise training: results from the HART-D 

study. Diabetes Care 2013. 

 Church et al (2010) 

7. Sparks LM, Johannsen NM, Church TS, Earnest CP, Moonen-Kornips E, 

Moro C, et al. Nine months of combined training improves ex vivo skeletal 

muscle metabolism in individuals with type 2 diabetes. J Clin Endocrinol 

Metab 2013. 

 Church et al (2010) 

8. Swift DL, Johannsen NM, Earnest CP, Blair SN, Church TS. Effect of 

exercise training modality on C-reactive protein in type 2 diabetes. Med Sci 

Sports Exerc 2012. 

 Church et al (2010) 

 


