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Abstract
The aim of the study was to investigate associations between psychological and
biological changes due to resistance training in people with impaired glucose
tolerance (IGT). Subjects were randomized into maximal (MRT) versus endurance resistance training (ERT) groups. Intervention periods lasted four
months. All subjects had blood work that suggested IGT at the initial screening. The ERT acted as a wait-list control group when the MRT performed
their training. Baseline scores on general life satisfaction (LISAT) and sense of
humor (SHQ-6: a positive coping resources) were obtained. Potential differences between groups (types of intervention and intervention versus control)
were investigated by analysis of variance (one-way ANOVA). Correlations
were calculated in each group to estimate the degree of covariance between
biological and psychological changes from pre- to post-intervention by Pearson and Spearman coefficients. Sense of humor tended to be correlated with a
positive reduction of insulin following MRT as well as with reduction in body
fat following ERT. Differences across the intervention groups in changes from
pre- to post-training in biological variables (glucose, insulin, muscle mass,
and corrected percentage of fat) as well as psychological variables (general life
satisfaction and sense of humor) were not significant, whereas differences in
BMI and weight were significant. By investigating the intervention groups
separately in comparison to the control group, the MRT revealed significant
improvement by reduction in insulin, percentage of fat, BMI and weight. The
ERT caused significant improvements for insulin and percentage of fat, while
general life satisfaction had a significant negative development.
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1. Introduction
In order to adhere to a physical training programme, an individual often experiences considerable strain, which may hinder motivational resources to cope
with exercise demands [1] [2]. Furthermore, research indicates that affect may
play an important role in individuals’ decisions to exercise [3], and personality
as well as related psychological factors has proven to be associated with participation in physical activity and compliance in numerous studies [4] [5] [6]. Additionally, sense of humor is found to be a health-protecting cognitive coping factor [7]. The present study aimed at investigating associations between psychological and biological changes due to resistance training in people with impaired
glucose tolerance (IGT).
Individual differences in psychological characteristics may be associated with
effects from exercise prevention programmes. Martinsen and colleagues [8] address the lack of studies on dose-response effects of physical activity or exercise
on psychological changes in a review. Such differences may reflect differences in
the psychological effects of acute life circumstances, which are seen in the subjective appraisal of overall life and positive as well as negative mood variables
(ibid.). Thus, behavioural inhibition in adolescents appears to be inversely related to cardiovascular fitness and tolerance for high-intensity exercise. Adolescents report reduced enjoyment as opposed to individuals scoring high on assessment of behavioural activation, where enjoyment appears to be a more likely
outcome, as assessed by scores on psychological measures of behavioural activation and inhibition systems of the brain [9].
Proneness to depression, negative effect, impulsivity and health-seeking behaviour are all negatively associated with a propensity for physical exercise [10].
Measures of self-efficacy among adults in coping with life challenges have been
strong predictors of participation in endurance as well as resistance activities
[11]. Other studies of psychological correlates of physical exercise have focused
on perceived stress and positive emotions. Research may, in this way, be a bit
contradictory. In general, findings from studies of adults reflect improved coping and well-being after aerobic training [12]. However, resistance training has
generally been left out, and aerobic training has been a focus in most of these
studies. Individuals with IGT are at risk of developing a more serious illness in
the future [13], and physical functioning might decrease or worsen with more
severe diabetic symptoms [14] [15]. Resistance training is recognized as an effective strategy in the primary prevention of obesity and in reducing the risk of developing Type 2 diabetes [16] [17]. Therefore, the aim of the present study was
to compare maximal training versus endurance resistance training in changes of
general life satisfaction and sense of humor following the training/intervention.
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Furthermore, the purpose was to investigate the importance of differences in the
biological and psychological consequences of resistance training and to test
whether a range of potential psychobiological co-variations as psychological
changes from pre- to post-intervention were associated with biological changes.
Covariance was tested in relation to changes in blood glucose, insulin, muscle
mass, body fat, weight and body mass. In this way, the present study investigated
the significance of psychological factors in the efficacy of physical intervention
based upon resistance training.

2. Methods
2.1. Subjects
Eighteen participants volunteered for the study. They were all classified as having impaired glucose tolerance (IGT) at baseline when they took part in a
large-scale public health screening study, the Second North-Tröndelag Health
Survey (HUNT II), in Norway (https://www.ntnu.edu/hunt/hunt2; Platou, Midthjell, Romundstad & Hveem, submitted for publication) according to criteria set
by the World Health Organization [18]. Initially ~2000 subjects were invited,
approximately 1100 subjects responded, and of these, 55 individuals were classified with diabetes and 94 individuals with IGT based on the WHO definition. 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.
These individuals were randomly assigned to one of two resistance training intervention groups (N = 18, 14 female and 4 male participants, age 33 - 69).
Group 1 included two males (mean age: 47.5 yrs) and seven females (mean age:
46.5 yrs). Group 2 also included two males (mean age: 60.5 yrs) and seven females (mean age: 44.4 yrs). 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 physical activity for
at least six months prior to the start of the study. Two men were randomized into each group. Although the study did not analyze possible gender differences
due to the few men in the study, male participants were included to retain the
total number of the population. 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.
The sociodemographic characteristics of the participants are briefly described
in Table 1. The group is predominantly female, and most of the participants are
married/cohabited and employed.

2.2. Procedure
Group 1 engaged in supervised maximal resistance training (MRT: Bernstein
inverted pyramid system: 5 × 3 - 5 × 4, 60% - 85% 1 RM) [19] three days/week
over four months. During this intervention period, the members of Group 2
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Table 1. Sociodemographic 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

acted as waiting-list control subjects. Later, Group 2 engaged in supervised endurance resistance training (ERT: 3 × 12 - 3 × 15, 45% - 65% 1 RM) [20] three
days/week over a four month period, with the two pre-baseline assessments as
reference measures. Both interventions consisted of eight exercises that involved
the entire skeletal muscular system of the body. During the second intervention
(Group 2) consisting of conventional ERT, there were two drop-outs. Mean values then replaced the missing values.
Assessment of biological variables
Standard procedure for venous blood samples, with laboratory estimates of
serum levels of insulin and fasting glucose, were applied before and after intervention and before the waiting list period (Group 2). Serum samples were analysed at the Central Laboratory of Levanger Hospital on an Abbot Architect
ci8200 auto analyser. Glucose levels were measured using a hexokinase G-6TDH
method. Serum levels of insulin were determined at the Hormone Laboratory at
Oslo University Hospital at Aker using DELFIA kits form PerkinElmer Life
Sciences, Wallac Oy, Turku, Finland.
Clinical measures were taken with the participants wearing undergarments
without shoes, and height and weight were adopted for the BMI algorithm
(kg/m2). The WHO categories for BMI were used [21]: Normal weight (18.5 24), overweight (25 - 29) and obese (≥30). Furthermore, waist circumference was
measured horizontally at the height of the umbilicus to the nearest 1 cm when
the participant was standing with their arms hanging relaxed. Skin-fold measures on biceps, triceps, subscapularis and suprailiac were included in the algorithm to calculate total body fat index, controlled for age, gender and waist circumference [22].
Upper leg skeletal muscle mass was estimated by magnetic resonance imaging
(MRI) technology by use of a 1.5 T GE Signa HDX MRI scan with software version 14.0.M5. The measurement protocol was based on T1 weighted FSE (Fast
Spin Ecco) MRI in order to be able to make an image suitable for measuring the
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E. Hansen et al.

parameters of interest. This measurement was found to be sufficient in order to
clearly differentiate between muscle mass, subcutaneous adipose tissue and bone
tissue. More details for the assessment of the biological and clinical characteristics are given by Hansen and colleagues [23].

2.3. Assessment of Psychological Characteristics and Reliability
Tests
The participants completed questionnaires to assess their psychological characteristics. The scales included general life satisfaction and sense of humor (a positive coping mechanism). General life satisfaction was scored by use of the
11-item LISAT scale [24] according to a six-step format (very dissatisfying to
very satisfying), as illustrated by item no. 1: “Life as a whole is” (Chronbach’s
alpha (CA) = 0.84).
Sense of humor was assessed by a six-item scale (Sense of Humor Questionnaire-6, SHQ-6: Svebak, 1996, 2010), where a four-step scoring format was applied (very much to very little), as illustrated by item 5: “Would you say that you
have much cause for amusement during an ordinary day?” (Chronbach’s alpha
(CA) = 0.60). Changes in self-reported general life satisfaction and sense of humor
were estimated as the differences from pre- to post-intervention in all subjects.

2.4. Data Scoring and Statistical Analyses
Pre- and post-assessments of biological and psychological variables identified a
magnitude of change induced by training, on the assumption that training increases the likelihood of having a positive difference score (delta value). Thus,
for fasting glucose levels, the post-value vas subtracted from the pre-value on the
assumption that training would cause reduced fasting glucose levels. Also, for
blood insulin levels, the post-value was subtracted from the pre-value.
For skeletal muscle mass, training was predicted to increase muscle mass;
therefore, the pre-value was subtracted from the post-value. Percent of body fat
(corrected for age and gender) was also investigated. Training was predicted to
reduce fat; therefore, post-values were subtracted from pre-values. The same
procedure of subtraction of post-values from pre-values, was followed for the
variables of weight and BMI.
For the psychological variables, differences from pre- to post-intervention
were estimated to increase the likelihood of having positive scores, and the
pre-intervention value was subtracted from the post-intervention value. High
change scores (delta values) for SHQ-6 (sense of humor) and LISAT (general life
satisfaction) reflected higher scores after intervention than before.
The SPSS 24.0 statistical package was applied in all statistical analyses (SPSS
Inc, Chicago, Ill, USA). Background analysis by frequencies and T-tests were
carried out to assess homogeneity between the groups. To test internal consistency, scale reliability between items was performed for the two psychological
variables sense of humor (CA = 0.60) and general life satisfaction (CA = 0.84).
Coefficients of correlation were calculated in each group to estimate the degree
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of covariance between biological and psychological changes from pre- to
post-intervention. Given the low number of subjects, Spearman coefficients were
applied, and two- and one-way probability levels for alpha coefficients were calculated. Potential differences between groups (types of intervention and intervention versus control) were investigated by analysis of variance (one-way
ANOVA).
Ethics
Written informed consent was obtained from each of the study participants in
accordance with the Helsinki Declaration [25]. The study was approved by the
Regional Committee for Ethics in Medical Research (Ref. No. 4.2006.2549).

3. Results
Table 2 presents changes in the biological and psychological variables from preto post-intervention. There were significant differences across the two groups
(maximal resistance versus endurance resistance) regarding weight (mean value
2.75 vs −5.35, p = 0.02) and BMI (mean value 1.14 vs −0.37, p = 0.04). Regarding
muscle and insulin levels, the values were nearly significant (Table 2).
Table 3 and Table 4 present results for changes in the biological and psychological variables from pre- to post-intervention (intervention versus control).
Table 3 shows the mean difference between the maximal resistance group and
the control group. A positive development was observed for insulin levels (mean
value 8.00 vs −4.66, p = 0.03), percentage of fat (mean value 1.04 vs −1.63, p =
0.00), BMI (mean values 1.14 vs −0.01, p = 0.01), and weight (mean values 2.75
vs −0.03, p = 0.01).
Table 2. Means and 95% CI for changes from pre to post intervention in blood levels of
fasting glucose (glucose), insulin, muscle mass (muscle), Percentage of fat (corr. % fat),
body mass index (BMI), and weight (biological variables) as well as changes in SHQ-6,
and LISAT (psychological variables) in the intervention groups (Maximal Resistance:
MRT; Endurance Resistance: ERT). F-scores and p-values from One-WAY ANOVA tests
are included.
MRT (N = 9) 95% CI
Variables

Means

Lower

Glucose (mmol/l)

0.11

−0.14

0.36

Insulin (pmol/l)

8.00

−1.31

ERT (N = 9) 95% CI

Upper Means

Lower

Upper

F

p-value

0.01

−0.26

0.28

0.38

n.s.

17.31

21.22

8.76

33.67 3.84

0.06

1809.0 −274.5 3892.5 3.6

0.07

Biological Variables

Muscle

69.3

−315.2

453.9

Corr. % fat

1.04

−0.06

2.15

2.11

0.63

3.58

1.77

n.s.

BMI

1.14

0.32

1.97

−0.37

−1.75

0.99

4.80

0.04

Weight

2.75

0.87

4.64

−5.35

−12.84

2.13

5.86

0.02

SHQ-6

1.22

−0.20

2.64

0.44

−0.89

1.78

0.84

n.s.

LISAT

−1.11

−5.97

3.75

−4.88

−10.30

0.52

1.43

n.s.

Psychological Variables

n.s. = not significant. Bold values = ≤0.07, Bold and underlined values = ≤0.05. BMI = body mass index.
SHQ = sense of humor. LISAT = general life satisfaction.
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Table 3. Means and 95% CI for changes from pre to post intervention in blood levels of
fasting glucose (glucose), insulin, muscle mass (muscle), corrected percentage of fat
(corr. % fat), body mass index (BMI), and weight (biological variables) as well as changes
in SHQ-6, and LISAT (psychological variables) in the intervention group (Maximal Resistance: MRT) versus control group. F-scores and p-values from One-WAY ANOVA
tests are included.
MRT (N = 9) 95% CI
Variables

Means Lower Upper

Control (N = 9) 95% CI
Means

Lower

Upper

F

p-value

Biological Variables
Glucose (mmol/l)

0.11

−0.14

0.36

0.00

−0.19

0.19

0.63

n.s.

Insulin (pmol/l)

8.00

−1.31

17.31

−4.66

−12.92

3.59

5.50

0.03

Muscle

69.3

−315.2

453.9

8.2

−522.7

539.1

0.04

n.s.

Corr. % fat

1.04

−0.06

2.15

−1.63

−2.97

−0.29

12.63

0.00

BMI

1.14

0.32

1.97

−0.01

−0.46

0.42

8.23

0.01

Weight

2.75

0.87

4.64

−0.03

−1.18

1.12

8.46

0.01

SHQ-6

1.22

−.20

2.64

0.00

−1.80

1.80

1.50

n.s.

LISAT

−1.11

−5.97

3.75

0.22

−1.52

1.97

1.35

n.s.

Psychological Variables

n.s. = not significant. Bold values = ≤0.05. BMI = body mass index. SHQ = sense of humor. LISAT = general life satisfaction.

Table 4. Means and 95% CI for changes from pre to post intervention in blood levels of
fasting glucose (glucose), insulin, muscle mass (muscle), Percentage of fat (corr. % fat),
body mass index (BMI), and weight (biological variables) as well as changes in SHQ-6,
and LISAT (psychological variables) in the intervention group (Endurance resistance:
ERT) versus control group. F-scores and p-values from One-WAY ANOVA tests are included.
ERT (N = 9) 95% CI
Variables

Means Lower Upper

Control (N = 9) 95% CI
Means

Lower

Upper

F

p-value

Biological Variables
Glucose (mmol/l)

0.11

−0.25

0.27

0.00

−0.19

0.19

0.01

n.s.

Insulin (pmol/l)

21.22

8.76

33.67

−.4.66

−12.92

3.59

15.95

0.00

453.9

8.2

−522.7

539.1

3.73

0.07

Muscle

1809.0 −274.5

Corr. % fat

2.11

0.63

3.58

−1.63

−2.97

−0.29

18.77

0.00

BMI

−0.37

−1.75

0.99

−0.01

−0.46

0.42

0.32

n.s.

−5.35 −12.84

2.13

−0.03

−1.18

1.12

2.62

n.s.

SHQ-6

0.44

−0.89

1.78

0.00

−1.80

1.80

0.20

n.s.

LISAT

−5.11 −10.41

0.19

0.22

−1.52

1.97

4.84

0.04

Weight
Psychological Variables

n.s. = not significant. Bold values = ≤0.07, Bold and underlined values = ≤0.05. BMI = body mass index.
SHQ = sense of humor. LISAT = general life satisfaction.

Table 4 shows the differences between the endurance resistance group and
the control group. Additionally, a positive effect was found regarding insulin
levels (mean value 21.22 vs −4.66, p = 0.00) and percentage of fat (mean value 2.11
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Table 5. (A) biological changes from correlations between psychological and biological
changes from pre- to post-intervention as well as (B) between scores on psychological
changes, in the maximal resistance training group (N = 9).
Psychological Variables
SHQ-6 diff.

LIASAT diff.

A) Biological Variables
Glucose Fasting

−0.16 (−0.04)

0.53 (0.55)

Insulin

0.58 (0.67*)

0.22 (0.20)

Muscle Mass

0.12 (0.15)

0.24 (0.26)

Corr. % fat

0.63 (0.58)

0.15 (−0.00)

Body mass index

0.34 (0.39)

0.42 (0.55)

Weight

0.32 (0.24)

0.43 (0.40)

B) Psychological Variables
SHQ-6 diff

-

LISAT diff

−0.22 (−0.04)

-

*p < 0.10; ** p < 0.05: two-tailed Pearson correlation coefficients, and one-tailed Spearman rank coefficients
(in parentheses). Body mass index = BMI. SHQ = sense of humor. LISAT = general life satisfaction.

Table 6. (A) Correlations between psychological and biological as well as clinical changes
from pre- to post-intervention, and (B) between scores on psychological changes, in the
endurance resistance training group (N = 9).
Psychological Variables
SHQ-6 diff.

LIASAT diff.

Glucose Fasting

0.52 (−0.43)

−0.25 (−0.20)

Insulin

0.15 (0.39)

−0.18 (−0.06)

Muscle Mass

−0.06 (0.43)

0.63 (0.33)

Corr. % fat

0.81** (0.05)

0.04 (0.40)

Body mass index

−0.20 (−0.44)

−0.42 (−0.22)

Weight

0.02 (−0.54)

−0.48 (−0.32)

A) Biological Variables

B) Psychological variables
SHQ-6 diff

-

LISAT diff

−0.13 (−0.16)

-

*p < 0.10; **p < 0.05: two-tailed Pearson correlation coefficients, and one-tailed Spearman rank coefficients
(in parentheses). Body mass index = BMI. SHQ = sense of humor. LISAT = general life satisfaction.

vs −1.63, p = 0.00). Additionally, muscle seems to have a tendency (p = 0.07)
towards significant differences between the intervention and control groups in
favor of the intervention group (Table 4). General life satisfaction seems to develop negatively for the (endurance resistance) intervention group compared to
that of the control group. (−5.11 vs 0.22, p = 0.04).
Correlation coefficients shown in Table 5 reflect changes in Group 1 (maximal resistance training), testing the degree of covariance of changes from pre- to
post-intervention between psychological and biological variables (A: upper sec877
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tion) and between changes in the psychological variables (B: lower section). For
Sense of humor (SHQ-6), a (marginal) covariance for change was seen with the
Spearman rank coefficient (0.67, p = 0.02) due to positive reductions in insulin.
Correlation coefficients given in Table 6 reflect changes in Group 2 (endurance resistance training), testing the degree of covariance of changes pre- to
post-intervention. The results regarding sense of humor (SHQ-6) correlated
with the positive development regarding reduction in percentage of fat, as seen
by the Pearson correlation coefficient (0.81, p = 0.00).

4. Discussion
The changes for the body composition variables of weight and BMI are significantly different across the two intervention groups in favour of the maximal resistance group. The current study focused on individuals at risk (IGTs) of developing Type 2 diabetes, who are often overweight. These findings are noteworthy compared to existing research, where resistance training is positively
connected to prevention of obesity and Type 2 diabetes [16] [17]. The maximal
resistance group seems to benefit the most as demonstrated by reductions in insulin, percentage of fat, weight and BMI. The endurance resistance group
showed improvements through reductions in insulin and percentage of fat.
These results are in line with existing knowledge (ibid.).
General life satisfaction for the endurance resistance group indicated a negative development (Table 4). Improvement in the present biological measures of
insulin and percentage of fat should relate positively to changes in general life
satisfaction. This could be an example in which physical training programmes
present the individual with strain, which may be taxing on motivational resources needed to cope with exercise demands [1] [2] and in this way, develop
negatively.
Correlation coefficients indicate positive changes in sense of humor due to a
positive reduction in insulin levels in the maximal resistance group (Table 5)
and a positive development regarding sense of humor related to the reduction of
body fat in the endurance resistance group (Table 6). These findings indicate
that the psychological coping variable of sense of humor might be connected to
biological changes following resistance training. This is in line with research [7]
that has shown that humor was found to be connected to health, protection and
coping factors.
General life satisfaction does not correlate with any of the biological variables,
and this might be somewhat surprising, reflecting some of the typical positive
developments regarding body composition (weight, BMI and percentage of fat)
and improvements in insulin reduction. One could argue that these improvements would have been expected to be positively motivated in correlation with
general life satisfaction, which is not the case. However, these findings support
that adolescents tend to report reduced enjoyment for high-intensity exercise
[9]. This reflection is supported by the fact that both groups in the present study
had a negative development in life satisfaction after performing the resistance
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training.
Previous studies on the effects of resistance training do not differentiate between maximal and endurance resistance training in the primary prevention of
Type 2 diabetes and IGT. Resistance training in general has been compared with
the effects of aerobic endurance training.
Type 2 diabetes patients are more likely to be concerned about their health
condition and consequences of their metabolic syndrome than are individuals
with IGT. Consequently, they may be likely to demonstrate more compliance to
a regular physical training regimen than are those in group of individuals at risk
for developing diabetes. If so, primary prevention based upon resistance as well
as aerobic training may increase the motivation to comply in IGT individuals by
presenting promising results from empirical research upon biological as well as
psychological changes including increases in quality of life [26] [27], reduction
in anxiety and depression, as well as reduced satisfaction with body weight
among Type 2 diabetes patients with high BMI [28]. Exercise in general has positive effects on self-appraisal as well as mood [29]. In the current study, resistance training proved to be efficient in reducing BMI [30] as well as increasing
health related quality of life [31]. The present results suggest that the sense of
humor may be a positive mental resource to cope with the strain of compliance
in resistance training for the primary prevention of IGT.

5. Conclusion
The beneficial changes in sense of humor were the only psychological variable
that yielded any significant correlation and appeared to be more strongly associated with the effects of endurance resistance training than with the effects of
maximal resistance training. Improvements in biological parameters were
present in both intervention groups, and the maximal resistance group showed
the highest level of benefits. The results of the present study are slightly contradictory, and further studies, including larger populations in large-scale interventions, are needed to verify any psychological association with biological effects of
resistance training in people with IGT.

6. Limitations and Strength of the Study
The primary strength of the current study is related to the project, the content of
the two intervention programmes, how thoroughly the programmes were continuously planned and carried out during the intervention periods and the quality of objective biological tests as well as subjective psychological measures. The
resistance training interventions were not self-administered. The subjects were
supervised individually and closely followed during their exercise periods by
professional and experienced trainers working with clients with diabetes as well
as healthy individuals at the work-out centre. Consequently, as expected, the final drop-out was extremely low (2 subjects). Testing procedures and standards
were followed carefully, including all biological parameters. Furthermore, two
subjective psychological measures were based on validated international scales.
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However, the results should be treated with caution, as they may be influenced
by a relatively low number of subjects included in the study. More studies are
needed to test the covariance of biological and psychological changes due to resistance training in people with IGT. Traditionally, most of the research focus
has been on aerobic exercise; thus, this study might provide a contribution to the
research field by increased attention towards resistance exercise.
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