
Abstract Aerobic endurance exercise has traditionally
been advocated in the treatment of type 2 diabetes, while
the potential role of resistance training has often been
overlooked. The aim of the present study was to deter-
mine the effect of circuit-type resistance training on blood
pressure, lipids and long-term glycaemic control (HbA1c)
in type 2 diabetic subjects. Thirty-eight type 2 diabetic
subjects were enrolled in the study; 18 participated in a
5-month individualized progressive resistance training
programme (moderate intensity, high volume) twice a
week, while the remaining 20 served as controls. The ex-
ercise group showed improvements in total cholesterol
(6.0±.3 vs 5.3±.3 mM; P<0.01), low density lipoprotein
(LDL)-cholesterol (3.90±.22 vs 3.35±.21 mM; P<0.01)
and triglycerides (1.91±.25 vs 1.53±.22 mM; P<0.01).
Also, the difference in the change in HbA1c between the
groups (0.5%) achieved statistical significance (P<0.01).
Circuit-type resistance training seems to be feasible in
moderately obese, sedentary type 2 diabetic subjects and
the inclusion of circuit-type resistance training in exer-
cise training programmes for type 2 diabetic subjects
seems appropriate.
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Introduction

Exercise training results in a variety of physiological and
metabolic adaptations in both non-diabetic and diabetic
subjects. The role of exercise has long been recognized
in the treatment regimen of type 2 diabetic patients, and

aerobic endurance exercise has traditionally been advo-
cated as the most suitable exercise mode [1–5]. However,
an important component of the exercise prescription has
often been overlooked; resistance training may provide
benefits to the diabetic patient that may even exceed those
gained through aerobic endurance training [6]. The aim
of the present study was to evaluate the effect of circuit-
type resistance training on blood pressure, lipids and
long-term glycaemic control in individuals with type 2
diabetes.

Subjects and methods

Thirty-eight type 2 diabetic outpatients participated in this controlled
study with the aim to evaluate the effect of circuit-type resistance
training on overall metabolic control. The baseline demographic
characteristics of the study groups are given in Table 1.

Eighteen type 2 diabetic subjects participated in a 5-month indi-
vidualized progressive circuit-type resistance training programme
twice a week, under the supervision of a physical education instruc-
tor, a physiotherapist, a diabetes nurse and a physician. The pro-
gramme consisted of 8–10 different movements per circuit; two sets
of 12–15 repetitions were performed at each station. Each station ex-
ercised a different large muscle group (e.g. thigh flexors and exten-
sors, trunk flexors and extensors, upper arm muscles), alternating
between upper and lower body. The subjects moved from station to
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Table 1 Baseline demographic data on the study groups (mean
±SEM)

Intervention Control
group group

Number (M/F) 18 (12/6) 20 (5/15)

Age (years) 62±2 67±2

Duration of diabetes (years) 8±2 8±2

Body mass index (kg/m2) 30.2±1.2 28.9±1.1

Medication used (%)
Diet 50 35
Oral drugs 22 30
Insulin 28 35



station in a continuous fashion with short rests (<60 s) between the
stations. Based on the one repetition maximum (1 RM) or a modest
intensity (with the previously mentioned number of repetitions), ac-
cording to the Borg scale, the start-up intensity of the training was
set. As strength improved, the intensity of the programme was pro-
gressively increased. No other changes in exercise habits occurred
as assessed by exercise diaries prior to and during the study period.
All subjects were untrained, and none had previously been involved
in a vigorous exercise training programme. Twenty type 2 diabetic
subjects served as controls. All subjects were following an appropri-
ate diabetic diet, and no changes in dietary habits were made prior
to inclusion in the study nor during the study period as assessed by
the investigators.

Clinical and metabolic parameters were assessed at baseline and
after the exercise training period. All metabolic studies were per-
formed in the morning after a 12-h overnight fast and at least 48 h
after the previous exercise session. Body weight, height, blood pres-
sure, glycosylated haemoglobin A1c (HbA1c), total and high density
lipoprotein (HDL)-cholesterol, and triglycerides were assessed. Low
density lipoprotein (LDL)-cholesterol was calculated using the for-
mula of Friedewald.

Blood pressure was measured from the right arm in the sitting
position with a mercury sphygmomanometer to the closest 2 mmHg.
The mean of two readings was used.

HbA1c was measured by high pressure liquid chromatography 
(HPLC). Total cholesterol, HDL-cholesterol and triglycerides were
determined photometrically by enzymatic methods.

Muscle endurance was defined as the number of repetitions per-
formed with a given load or the product of repetitions multiplied by
the load in kg (biceps muscles). This was assessed at baseline and at
the end of the study in the intervention group. Since no active exer-
cise was performed by the control group, muscle endurance tests
were not performed in this group.

All subjects gave informed consent, and the study protocol was
approved by the local ethical committee.

Data are expressed as mean±SEM. The effect of the resistance
training programme was tested by using ANOVA when comparing
differences between changes in the two groups. Two-tailed paired 
t-test was used for the within-group comparisons, and non-paired 
t-tests for the between-groups comparisons. A P value <0.05 was
considered statistically significant. The analyses were done using the
SAS 6.08 software.

Results

The exercise training programme was safely done by all
subjects, and the results of all subjects are included in the
analyses.

Blood pressure, lipids, glycaemic control 
and body weight

Slight decreases in both systolic and diastolic blood 
pressure were observed in both the exercise and the 
control group (Table 2). The changes were of similar mag-
nitude, but only the change in diastolic blood pressure in
the control group achieved statistical significance
(P<0.01).

The exercise training programme greatly affected the
lipids studied. Total cholesterol concentration fell by 
12% (P<0.01), LDL-cholesterol by 14% (P<0.01) and 
triglycerides by 20% (P<0.01). Only in the control group
was a significant increase in HDL-cholesterol observed
(P<0.01).

The overall difference between the groups regarding the
change in long-term glycaemic control (HbA1c) was 0.5%.
The difference between the changes in the groups was sta-
tistically significant (P<0.05).

Body weight did not change in the intervention group,
but increased in the control group during the 5-month fol-
low-up (P<0.05). Thus, the difference between the changes
in body weight achieved statistical significance between
the groups (P<0.05).

Muscular endurance

There was a marked improvement in muscular endurance
as assessed by endurance tests for abdominal, upper arm
and thigh muscles after the exercise intervention. The re-
sults are given in Table 3.
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Table 2 Metabolic parameters assessed at baseline (BL) and after
5 months (5 M) in the intervention and the control group 
(mean±SEM)

Intervention Control
group group

Systolic blood pressure (BL) 150±3 155±3
(mmHg)

Systolic blood pressure (5 M) 145±4 148±4
(mmHg)

Diastolic blood pressure (BL) 86±1 83±2*

(mmHg)

Diastolic blood pressure (5 M) 83±2+ 78±2++

(mmHg)

Cholesterol (BL) 6.0±.3 6.1±.3
(mmol/l)

Cholesterol (5 M) 5.3±.3++ 5.9±.3
(mmol/l)

High density lipoprotein
(HDL)-cholesterol (BL) 1.28±.10 1.14±.07
(mmol/l)

HDL-cholesterol (5 M) 1.30±.09 1.21±.07+

(mmol/l)

Low density lipoprotein
(LDL)-cholesterol (BL) 3.90±.22 3.94±.21
(mmol/l)

LDL-cholesterol (5 M) 3.35±.21++ 3.79±.24
(mmol/l)

Triglycerides (BL) 1.91±.25 2.60±.48**

(mmol/l)

Triglycerides (5 M) 1.53±.22 ++ 2.23±.44**

(mmol/l)

Weight (kg) (BL) 87.3±4.9 77.1±2.8

Weight (kg) (5 M) 86.6±4.8+ 78.8±3.0

Glycosylated haemoglobin
(HbA1c) (%) (BL) 7.5±.3 7.7±.3

(HbA1c) (%) (5 M) 7.4±.2 8.1±.3++

* P<0.05 vs intervention group, ** P<0.01 vs intervention group,
+ P<0.05 vs baseline value (within group), ++ P<0.01 vs baseline val-
ue (within group)



Discussion

Exercise training can be used as a therapeutic means to im-
prove the overall metabolic control in type 2 diabetic sub-
jects [1–5]. Research involving the effects of resistance
training is limited compared with the same type of research
involving endurance training. Taking into consideration
the pathogenesis and pathophysiology of type 2 diabetes,
the role of resistance training in the treatment regimen
needs to be evaluated [2, 7]. Type 2 diabetes is mainly a
disorder of older individuals, and the decline in muscle
mass with aging is associated with a decline in metabolic
function, supporting the usefulness of resistance training
in the diabetes treatment regimen [8].

Resistance training can involve high-intensity, low-
volume training, i.e. practising near maximal weights for
fewer repetitions. The main goal of this kind of training
is the development of maximal strength and power for ath-
letic performances. However, this kind of training in-
cludes a high risk of cardiac and vascular complications
for diabetic subjects. The knowledge gained so far indi-
cates the safety of moderate-intensity, medium- to high-
volume resistance training, primarily of circuit type, even
in elderly and hypertensive subjects [9–11]. The distinc-
tion between the two major types of resistance training is
of great significance. Hypertensive subjects have tradi-
tionally been discouraged from performing resistance
training due to the fear of precipitating a cerebrovascular
or myocardial event. However, contrary to what might be
expected, studies investigating the long-term effect of cir-
cuit-type resistance training on resting blood pressure and
relative size of the left ventricle have generally failed to
document a deleterious effect. Instead, it has been shown
that long-term resistance training modifies resting blood
pressure in a favourable fashion [9, 10, 12, 13]. Likewise,
in the present study the training programme was safely
done by all individuals, and the blood pressure outcome
was positive.

We have previously shown that circuit-type resistance
training is associated with a significant improvement in
long-term glycaemic control, strongly correlating with
muscle size [14]. In the present study again the absolute
change in HbA1c was rather small in the exercise group.
However, in the control group there was a deterioration in

glycaemic control. One must always keep in mind that any
improvement of glycaemic control is of importance in or-
der to avoid micro- and macrovascular complications.
Thus, the 0.5% difference between the groups is certainly
clinically relevant.

The decrease in total and LDL-cholesterol is certainly
favourable in preventing macrovascular disease. This im-
provement in the metabolic profile was achieved without
pharmacological intervention and without side-effects.
Against the therapeutic benefits of resistance training one
has to balance possible risks associated with training in
type 2 diabetic subjects, which leads to the conclusion that
training programmes should always be carried out and de-
signed under professional medical supervision. It is impor-
tant to note that this programme was part of the normal out-
patient programme at Soini health center and not a research
project.

We also evaluated whether there were differences in re-
sponse to the exercise depending on diabetes treatment
(data not shown). Diet-treated type 2 diabetic subjects ap-
peared to benefit the most from exercise treatment, and
they showed the largest improvements in the lipid levels.
Insulin-treated type 2 diabetic subjects again showed the
largest improvement in glycaemic control during the exer-
cise period. However, the relatively small group size – ap-
plying this kind of subgrouping – makes further conclu-
sions too speculative.

The psychological benefits of the exercise program
were great. As strength increased, daily and work-related
tasks were easier to perform. Likewise, spontaneous re-
ports of improved quality of life were frequent. Unfortu-
nately, no scales for assessment of quality of life and psy-
chological well-being during the exercise period were ap-
plied, though the psychological benefits of exercise are
well recognized.

We conclude that resistance training may be an effec-
tive way of improving the overall metabolic profile and
thus reducing the risk for long-term diabetic complications
in type 2 diabetic subjects. However, based on the present
study and the available data reviewed, we propose that an
optimal exercise programme for these individuals should
include components that improve cardiorespiratory fitness,
muscular strength and endurance, i.e. a combination of
aerobic endurance training and circuit-type resistance
training.
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