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Abstract 
Background: Research indicates an association between impaired glucose metabol-
ism and overweight, a serious public health problem involving an increased risk of 
Type 2 diabetes, related hypertension, and a reduced quality of life. Aim: The first 
aim is to assess different dimensions of Health-Related Quality of Life (HRQoL) in 
overweight individuals at risk of developing Type 2 diabetes compared to a normal 
population. The second aim is to examine the impact of resistance training on the 
pre-post HRQoL dimension scores of the intervention group. Methods: Eighteen 
participants were randomly assigned to one of the two resistance training groups. 
Group 1 engaged in supervised maximal resistance training (Bernstein inverted py-
ramid system: 5× 3 - 4, 60% - 85% of 1 Repetition Maximum (RM)), three days/week 
over four months, and Group 2 performed endurance resistance training (including 
lower weight loads and more repetitions over four months). The intervention con-
sisted of eight exercises involving the entire body. The subjects completed the 
Short-Form Health Survey (SF-36) on HRQoL. The HRQoL scores of the norm pop-
ulation were higher than those of people at risk of developing Type 2 diabetes, and 
resistance training seemed to have a limited significant positive effect on the different 
HRQoL dimensions. 
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1. Introduction 

The World Health Organization (WHO) estimates that the prevalence of diabetes will 
more than double from 1997 to 2025 among adults, with an estimated increase from 
143 million to 300 million cases. In 2000, the WHO reported a global prevalence of di-
abetes of 171 million people, and the expected prevalence in 2030 was predicted to be 
366 million people [1] [2]. Physical inactivity and increased body weight are expected 
to increase the prevalence of Type 2 diabetes in Europe from 3.5% to 4.75% in the next 
25 years [3] [4]. Impaired glucose metabolism and overweight present a serious public 
health problem, leading to an increased risk of developing Type 2 diabetes, as well as 
related hypertension and reduced quality of life (HRQoL) [4] [5]. The challenges faced 
by those at risk of developing Type 2 diabetes can include a reduced capacity and thus a 
risk of becoming vulnerable to exclusion from working life, given the risk of developing 
a more serious illness in the future [6]. Physical functioning seems to decrease gradual-
ly across categories of glucose tolerance status [7]. Physical functioning might worsen 
when a person develops more severe diabetes symptoms [8]. People with an elevated 
risk of developing Type 2 diabetes in a population-based study in Finland [9] differed 
significantly on HRQoL for four of eight dimensions when compared with the refer-
ence values for the general population [10]. Two of the dimensions seemed worse (gen-
eral health and bodily pain) than in the general population, while two other dimensions 
appeared to be better (mental health and emotional role limitations). Findings on sub-
jective vitality are hypothesized to reflect organismic well-being [11] [12]. Those who 
score lower on vitality include people who experience more chronic pain than their 
counterparts in control groups. Furthermore, vitality seems to be associated with self- 
motivation and maintenance of weight loss in people treated for obesity (ibid). Physical 
activity is a key element to the prevention and management of Type 2 diabetes [13]- 
[15] and to improved HRQoL [16]. Earlier research showed few positive results be-
tween physical activity and quality of life, measured by feelings of increased happiness 
and subjective wellbeing [17]. Hakkinen and colleagues [10] demonstrated that regular 
physical activity positively influenced all dimensions of HRQoL. Resistance training is 
recognized as an intervention approach for the primary prevention of obesity and for 
reducing the risk of Type 2 diabetes [1] [13] [18]. Both maximal resistance training and 
endurance resistance training decrease insulin resistance, with maximal resistance 
training leading to increased glucose uptake and endurance resistance training to in-
creased insulin sensitivity [19]. A review by Martinsen [20] addresses the lack of studies 
on dose-response effects of physical exercise on psychological changes. Tapp and col-
leagues [5] show that being newly diagnosed with Type 2 diabetes, or being at high risk 
of developing diabetes, is associated with reduced health-related functioning, indepen-
dent of the presence or absence of diagnosed cardiovascular disease. Generally, aerobic 
physical activity contributes to larger capillary density and increased oxygen uptake, 
which positively supplies the regulation of glucose transport and uptake [21]. Skeletal 
muscles account for 70% - 80% of the glucose uptake stimulated by insulin, and it has 
been proven that physical activity may increase the uptake of glucose stimulated by in-
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sulin in plasma (ibid.). The mechanisms involved include, for example, increased capil-
lary concentrations of GLUT 4 (a glucose transporter) [22], a change towards increased 
insulin sensitivity in muscle fibers, possible changes in phospholipids in sarcolemma, 
increased glycolytic and oxidative enzyme activity in the muscles and enhanced glyco-
gen synthesis [23]. The joint effect of these changes due to physical activity is a more 
effective vascular transport of glucose and improved glucose transport into cells as well 
as an improvement in metabolism. In light of these changes, it is possible that resis-
tance training and the related hypertrophy could present an efficient primary as well as 
secondary method of prevention in the risk of developing Type 2 diabetes. Resistance 
training stimulates insulin sensitivity by improving glucose regulation. In addition, in-
sulin influence stimulates and increases the uptake of glucose from the bloodstream in-
to the muscle. The increase in muscle mass caused by resistance training may be an 
important contributor to this process [15] [23]. Research regarding the effects of resis-
tance training on HRQoL among people at risk of developing Type 2 diabetes is sparse. 
The first aim of the study is therefore to compare national normative data from healthy 
Norwegians with data from individuals at risk of developing Type 2 diabetes (those 
with IGT) on eight HRQoL dimensions [24]-[26] (Vitality = VT, Social function = SF, 
Emotional role limitation = RE, Mental health = MH, Physical functioning = PF, Bodily 
pain = BP, General health = GH and Physical role limitations = RP). The second aim of 
the study is to assess the impact of resistance training interventions on these dimen-
sions by comparing baseline values with intervention values. 

2. Methods 

To investigate HRQoL among pre-diabetics compared to a normative population and 
to study whether resistance training has any effect on HRQoL, several analyses includ-
ing internal consistency between the (output) variables and a comparison of mean val-
ues and effect data were conducted. 

2.1. Subjects 

This study is based on data from the Second North-Tröndelag Health Survey (HUNT 
II) in which ~2000 subjects were invited to be screened for diabetes or impaired glucose 
tolerance (IGT) [15]. Approximately 1100 subjects responded, and of these, 55 indi-
viduals were classified with diabetes and 94 individuals with IGT based on the WHO 
definition [27]. In the at-risk group of 94 individuals, 70 were eligible to participate in 
an intervention study, and 18 responded positively to participating in the present study 
[6]. These individuals were randomly assigned to one of two resistance training inter-
vention groups (N = 18, 14 female and 4 male participants, age 33 - 69). Participants in 
both groups (9 individuals, respectively) fulfilled the criterion for overweight according 
to body mass index (BMI) (Group 1: M = 28.55, SD = 4.3; Group 2: M = 27.17, SD = 
4.1). All participants were classified as sedentary and had not engaged in regular physi-
cal activity for at least six months prior to the start of the study. Two men were rando-
mized into each group. Although the study did not analyze possible gender differences 
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due to the few men in the study, male participants were included to retain the total 
number of the population. During the intervention period, there were two drop-outs. 
The present study is part of a larger investigation on several significant parameters of 
this high-risk population, those with IGT, and the findings of the study might provide 
an additional interesting perspective on the issues focused on in this paper. More de-
tailed information on the clinical measurements, blood samples and body composition 
are reported in an earlier study [19] [28]. 

2.2. Intervention 

The interventions started with three weeks of instruction on the techniques of per-
forming each exercise. The interventions were supervised individually and were strictly 
guided and followed by qualified personnel at the training center where the interven-
tion took place. The participants were encouraged to avoid heavy exercise the day be-
fore exercising. They were further instructed to avoid alcohol, smoking, coffee, tea, 
heavy meals or large amounts of sugar 2 - 3 hours before exercising. The participants 
wore lightweight clothing and shoes that were suited to the exercise. Individual logs 
were used to record the time of day work-outs took place as well as general information 
on health conditions and weight loads for each exercise. The exercises were self-admi- 
nistered at the fitness center, with access to competent guidance from the center’s 
management and instructors at any time. The programs engaged the entire body and 
were implemented in 2 - 3 workouts each week for 4 months at a fitness center. The in-
tervention program consisted of eight exercises for the whole body and included the 
following: a) abdominal muscles (total abdominal); b) lower back; c) press for thighs; d) 
leg press; e) chest press; f) arm press, extension for triceps; g) pull down for upper back 
and h) arm curl for biceps. Before the resistance exercises were performed, the person 
walked for 10 minutes on a treadmill to warm up. Resistance training was followed by 
another 10 minutes of walking on the treadmill to cool down. 

The maximal resistance group (n = 9, seven female and two male participants) fol-
lowed a program with a high weight load and few repetitions based on the Bernstein 
inverted pyramid training model [29], with 60% - 85% of 1 RM (3 - 4 repetitions) 3 
days per week over a 4-month period. To make the 3 - 4 repetitions manageable, the 
work load had to be slightly reduced for successive bouts of exercise because of the in-
duced anaerobic conditions in the muscles being targeted. Each bout of exercise was 
followed immediately by a new bout without breaks in between, for a total of 5 bouts 
(approximately 20 repetitions) per set. The endurance resistance group (n = 9, seven 
female and two male participants) followed a program with a lower weight load and 
more repetitions according to a standard procedure for endurance resistance training 
(ERT) at 45% - 65% of 1 RM (3 bouts at 12 - 15 repetitions for approximately 45 repeti-
tions). The break between training bouts lasted between 30 and 60 seconds. Additional 
information about the programs, randomization, standardization, procedures, content, 
workout intervals, and repetitions of exercises are reported in detail by Hansen and 
colleagues [15] [29]. 
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2.3. Questionnaires and Reliability Tests 

The subjects completed questionnaires administered by the project supervisor, which 
included items on all dimensions of the Short-Form Health Survey (SF-36) [24]-[26]. 
The SF-36 was grouped into eight multi-item scales including PF (10 items), RP (4 
items), RE (3 items), BP (2 items), SF (2 items), MH (5 items), VT (4 items) and GH (5 
items). The items included in HRQoL were aggregated to create summary indexes of 8 
dimensions. The internal consistency coefficients of the 35 HRQoL items, with a total 
index CA (Cronbach’s Alpha) = 0.91, were high and justified the use and reliability of 
the instrument being valid. The Norwegian translation of the SF-36 and the dimensions 
of the scale have been tested and slightly refined to achieve satisfactory reliability and 
validity (ibid.). According to a standardized procedure (Medical Outcome Trust) [30], 
the raw scores for each item in the dimensions were coded, summed and translated into 
the eight dimensions of HRQoL, with scores from 0 - 100 (0 = lowest possible HRQoL, 
100 = highest possible HRQoL). In the present study, after investigating the eight di-
mensions individually, two of the dimensions (Social functioning and Emotional role 
limitation) were excluded from further analyses due to a low internal consistency. The 
six remaining dimensions (Physical functioning CA = 0.81, Physical role limitations CA 
= 0.96, Bodily pain CA = 0.91, Mental health CA = 0.71, Vitality CA = 0.87 and General 
health CA = 0.55) indicated moderate to very high internal consistency and thereby 
high reliability. 

Ethics 
Written informed consent was obtained from each study participant in accordance with 
the Helsinki Declaration [31]. The study was approved by the Regional Committee for 
Ethics in Medical Research (Ref. No. 4.2006.2549). 

2.4. Statistical Analyses 

Analyses involved the use of SPSS 21.0 software (SPSS Inc, Chicago, Ill, USA) with de-
scriptive statistics, internal consistency CA, means, standard deviation (SD) and paired 
sample t-tests. The effect data mean SF-36 scale scores and SD, calculated for the six in-
cluded dimensions of the SF-36 by T-tests and comparison of means, revealed no sig-
nificant effect differences on any of the dimensions between the two resistance groups. 
Thus, the two groups were merged into one resistance intervention training group. 
Subsequently, the total number of participants was satisfactory (N = 16) for further 
analysis. Then, a simple comparison of data was performed including the mean SF-36 
scale scores and SD for people at risk of developing Type 2 diabetes compared to nor-
mative data from the general Norwegian population. Finally, a simple paired t-test was 
carried out to compare the mean values and SD of the SF-36 in the intervention study 
population, those at risk of developing Type 2 diabetes, pre- and post-intervention. 

3. Results 

The characteristics of the intervention group are briefly described in Table 1. The  
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Table 1. Descriptive data of the study group (N = 18). 

Gender (N = 18) 
Men 
Women 

 
4 
14 

Age (Mean Age) 
Men 
Women 

 
54.0 
45.5 

Civil status (N = 18) 
Single/widow 
Married/cohabited 

 
3 
15 

Occupational position (N = 18) 
Employed 
Unemployed 

 
15 
3 

Education level (N = 18) 
Lower secondary school 
Higher secondary school 
University (3 years or more) 

 
5 
11 
2 

 
group is predominantly female, and most of the participants are married/cohabited and 
employed. 

The present study population, people at risk of developing Type 2 diabetes, had dif-
ferent outcomes on the SF-36 scale than the normal population. The mean scores for 
each of the six dimensions included in the study are mainly lower for the group at risk 
of developing Type 2 diabetes compared to the general Norwegian population, with the 
exception of Mental Health and Vitality (Table 2). Higher scores on the mean values in 
the table indicate better health. Concerning the HRQoL dimensions of physical func-
tioning, role limitations, bodily pain and general health perceptions, the values of the 
study group are clearly lower than those of the normative population group consisting 
of both males and females. Concerning the mental health and vitality dimensions, the 
values are nearly the same for both groups. These results indicate and confirm the 
poorer HRQoL among people at risk of developing Type 2 diabetes compared to the 
general Norwegian population. 

When comparing the pre- and post-test values for before and after the resistance 
training intervention, the analyses show that Bodily pain had an almost significant (p = 
0.057) effect on the difference of means (Table 3). The pre-intervention value (mean = 
62.4) and the post-intervention value (mean = 75.9) show a positive development in the 
intervention group. Regarding the dimensions of physical functioning, role limitations, 
mental health, vitality and general health perceptions, the scores pre- and post-inter- 
vention are unchanged and non-significant. 

4. Discussion 

A comparison of normative data on healthy Norwegians and the data derived from the 
present study from individuals engaged in physical resistance training shows that the 
scores of healthy Norwegians are higher for four out of six dimensions of HRQoL, with 
the exception of the dimensions of Vitality and Mental health. As for Vitality and Men- 
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Table 2. Mean Sf-36 scale scores (SD) for people at risk of developing Type 2 diabetes compared 
to normative data from the general Norwegian population (higher scores indicate better health). 

Normative data (Age range ≤ 29 - ≥70) Present population (Age ≤ 33 - ≥69) 

 Male (N = 8775) Female (N = 9155) Pre (N = 18) 

 Mean SD Mean SD Mean SD 

PF 89.8 (15.5) 84.8 (20.8) 41.35 (8.79) 

RP 80.5 (33.6) 75.4 (37.7) 56.25 (19.89) 

BP 77.2 (25.0) 73.0 (26.6) 62.50 (18.26) 

MH 80.0 (15.8) 77.6 (17.0) 76.83 (8.23) 

VT 63.2 (19.9) 56.9 (21.2) 58.33 (16.99) 

GH 77.4 (21.3) 76.3 (22.5) 66.05 (14.64) 

PF = physical functioning; RP = role limitations, physical; BP = bodily pain; MH = mental health; VT = vitality; GH 
= general health perceptions.Normative data from the general Norwegian population (Loge & Kaasa, SJPH 1998). 

 
Table 3. Mean Sf-36 scale scores (SD) for people at risk of developing Type 2 diabetes Pre 
intervention/training population compared to Post intervention/training (higher scores indicate 
better health). N = 16. 

 Present population (Age range ≤ 33 - ≥69) 

 Pre intervention Post intervention   

 Mean SD Mean SD t p 

PF 40.58 (9.00) 42.89 (6.67) −0.777 0.449 

RP 53.91 (19.88) 54.30 (17.49) −0.057 0.955 

BP 62.41 (19.44) 75.91 (17.31) −2.060 0.057 

MH 77.37 (7.29) 74.25 (12.38) 0.840 0.414 

VT 59.38 (17.65) 62.24 (16.30) −0.435 0.670 

GH 66.49 (15.50) 73.26 (11.68) −1.570 0.137 

PF = physical functioning; RP = role limitations, physical; BP = bodily pain; MH = mental health; VT = vitality; GH 
= general health perceptions. 

 
tal health, the scores of individuals in this study are slightly below or almost even with 
those of the normative comparison group of Norwegians. Some studies concerning the 
SF-36 dimensions of HRQoL have investigated individuals with Type 2 diabetes and 
individuals at risk of developing Type 2 diabetes (those with IGT). Tapp and colleagues 
[5] found that IGT and new diagnoses of Type 2 diabetes were associated with in-
creased BP. Additionally, those with incident IGT and diagnosed Type 2 diabetes had 
significantly reduced physical functioning, GH, MH and VT compared with those with 
a normal glucose tolerance. These findings are somewhat in accordance with the 
present study. Kamarul and colleagues [32] concluded that Type 2 diabetes patients 
with poor glycemic control had lower mean SF-36 scores for Physical health, General 
health, Social function and Mental health compared to a group with better glycemic 
control. The scores of patients with Type 2 diabetes were also lower than the norm 
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scores for the Malaysian population. The present study provides similar results for the 
same dimensions, except for Mental health. Other studies support or do not support 
these results, and some even contradict these conclusions. Häkkinen and colleagues 
[10] concluded that physically active individuals with an elevated risk of Type 2 di-
abetes had reduced HRQoL in the General health and Bodily pain dimensions. Howev-
er, compared with the Finnish general population [9], Mental health and Emotional 
role limitations were better, which contradicts the present results. The low scores 
among subjects at risk of developing Type 2 diabetes on almost all dimensions of the 
SF-36 cannot be explained empirically in the present study. However, Hansen and col-
leagues [15] [28] argue for the possibility that negative influences are caused by pre-
vious screening tests and accompanying information about health complaints linked to 
Type 2 diabetes. These may have aroused serious concerns in individuals at risk of Type 
2 diabetes about their future health status, which may have been reflected in the present 
investigation in the questionnaires. Unexpectedly, diabetics are generally less concerned 
about their health status than individuals with IGT [28] [33] [34]. Some of the affected 
patients believe that Type 2 is a milder form of diabetes, not to be taken seriously, and 
this might positively affect their state of mind. They are often aware of the health prob-
lems associated with diabetes and the possibility of comorbidity, exemplified by the risk 
of developing cardiovascular disease and cerebral infarction. Furthermore, the standard 
procedure when delivering a medical diagnosis is to inform the patient about potential 
complications and to refer them to rehabilitation programs, including those directed at 
developing a healthier lifestyle [1]. Consequently, a number of patients choose to alter 
their behavior [15] [33]. This may create the perception that they are at a lower risk of 
developing more serious diseases. The present study is one of only a few to reveal any 
effects of resistance training on HRQoL dimensions among those with IGT. The non- 
significant SF-36 effect scores, except for the near significance of Bodily pain, may be 
due in part to the relatively small number of subjects. However, the fact that Bodily 
pain seems to be reduced after resistance training is of importance and might be ex-
plained by hormone release; for instance, a higher level of adrenaline might reduce the 
feeling of pain during or after resistance training. This finding may even be a reflection 
of a positive stressor effect due to environmental influence. According to Rosmond 
[35], environmental stress and the hypothalamic-pituitary system levels of circulating 
cortisol may be related. Additionally, the sensation of less stress may reduce the levels 
of cortisol, which in turn causes less pain. The suggested link between stress and pain in 
the present study is unclear and should be further explored in a larger study with a 
larger number of participants. This study and previous ones [5] found that Physical 
functioning seems to decrease gradually across categories of glucose tolerance status, 
which is an important finding for future health prevention and promotion programs 
targeting those at high risk of developing diabetes and other serious metabolic illness. 
Compliance to a physical training program may fail due to a lack of motivational re-
sources needed to cope with the demands of exercise. Personality as well as mood dif-
ferences may reflect individual differences that relate to the underlying differences in  
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motivation and coping resources [1]. Predisposing personality factors reside within the 
individual more than they reflect work environment and family life, and they may also 
be of importance in changing unhealthy lifestyles. Personality may influence the ap-
praisal of perceived stress and the attribution of coping resources as well as mood 
changes induced by physical activity [15]. Individual differences in psychological cha-
racteristics are therefore potential predictors and consequences of the effects of exercise 
programs. 

5. Conclusion 

The results of our study clearly indicate a lower HRQoL among the study population in 
comparison to the normative population sample. By comparing the dimension scores 
before and after the resistance intervention, bodily pain was found to improve. The 
findings from the present study when viewed in light of other research indicate the im-
portance of the associations of aspects of HRQoL with impaired glucose metabolism 
and resistance training. Health promotion and efforts to prevent disease are based on 
an understanding of the process of declining health prior to an illness. People at risk of 
Type 2 diabetes, who are often overweight and sometimes inactive, already have re-
duced capacity [6] [15]. Resistance training may have an impact on bodily pain, sup-
porting the recommendation of using exercise with resistance training as an interven-
tion approach for individuals at risk of developing Type 2 diabetes to promote their 
HRQoL. Further studies with larger populations and large-scale intervention are 
needed to confirm these suggestions. 

Limitations of the Study 

The study includes a small number of participants, and the results must therefore be 
interpreted with caution. The non-significant HRQoL dimension scores might be ex-
plained by the small sample size. Larger populations may increase the external validity 
of the findings. However, it is important to study this specific group at risk of develop-
ing IGT and more serious lifestyle-related illnesses. The study is not generalizable, but 
it might provide a contribution to this research field. It is notable that the scores on the 
quality of health dimensions are lower in this study compared to the normative data, 
which points to the importance of general public health measures for individuals at risk 
of developing Type 2 diabetes. 
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