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ABSTRACT
Background: Today most guidelines on the management of type 2 diabetes incorporate lifestyle
intervention including patient education, physical activity and dietary modification. However,
the content and organization of lifestyle intervention programs are still debatable. Aims: To
compare the longer term effectiveness of a
group-based rehabilitation program with an individual counseling program at improving glycemic control, cardiovascular risk factors and
quality of life among type 2 diabetes patients.
Methods: We randomized 143 type 2 diabetes
patients to either a 6-month group-based rehabilitation program, including patient education,
supervised exercise, and diet intervention, or a
6-month individual counseling program. Followup time was 12 months after baseline. Outcome
measures were glycated hemoglobin (HbA1c),
cardiovascular risk factors, quality-of-life and
self-rated health. Results: In the rehabilitation
group, HbA1c decreased 0.2%-point (95% confidence interval [CI] = −0.4, −0.03), systolic blood
pressure decreased 6 mmHg (95% CI = −9.3,
−2.5), diastolic blood pressure decreased 4
mmHg (95% CI = −6.3, −2.4), weight decreased
2.2 kg (95% CI = −3.2, −1.3), and waist circumference decreased 2.0 cm (95% CI = −2.9, −1.1).
In the individual group, HbA1c decreased 0.4%
(95% CI = −0.6, −0.1), systolic blood pressure
decreased 3 mmHg (95% CI = −6.3, −0.7), diastolic blood pressure decreased 3 mmHg (95%
CI = −4.7, −0.7), weight decreased 1.6 kg (95% CI
= −2.6, −0.7), and waist circumference decreased
Copyright © 2012 SciRes.

1.6 cm (95% CI = −2.5, −0.6). Vitality, fatigue distress, physical functioning and cardiovascular
distress improved over time (P < 0.05) in the
two groups combined. Repeated measurement
analysis did not result in significant differences
between the groups of any outcome. Conclusions: This study demonstrates that group-based
rehabilitation in a primary healthcare center is a
comparable alternative to individual counseling
in an outpatient clinic. However, the resource
use of the rehabilitation program was twice as
much as the individual program.
Keywords: Rehabilitation; Lifestyle Intervention;
Glycemic Control; Quality of Life; Cardiovascular
Risk Factors

1. INTRODUCTION
Lifestyle intervention plays an important role in the
management of type 2 diabetes. Educational interventions with or without physical activity and dietary advice
have resulted in beneficial effects on glycemic control
[1-3], diabetes knowledge [4,5] and quality of life [6].
However, the content, duration, setting, and ways of delivering diabetes education are still controversial. Since
the early 1990 there has been an increasing focus on patient-centered perspectives, goal setting, self-management and empowerment [7]. Lack of time and resources
have encouraged clinics to offer patients group-based
education programs rather than individual one-to-one
education. Compared with individual education, groupbased education were equally or more effective at improving glycated hemoglobin (HbA1c), cardiovascular
risk factors and quality of life [8,9]. Modification of lifeOPEN ACCESS
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style behaviors in the long term, however, appears to be
difficult. Many type 2 diabetes patients engage in new
lifestyle behaviors for short periods, but are usually unable to maintain these changes over time [5].
A primary healthcare center in Eastern Copenhagen
was established for provision of a group-based rehabilitation program to patients with chronic diseases, including type 2 diabetes. The Copenhagen Type 2 Diabetes
Rehabilitation Project was designed to evaluate the effectiveness of a 6-month group-based rehabilitation program compared with individual counseling in type 2
diabetes patients [10]. Rehabilitation is a goal-orientated
and time-limited collaboration process between the patients and the multi-disciplinary team providing patients
with self-management skills to support change in lifestyle. We hypothesized that a group-based rehabilitation
program would improve glycemic control, cardiovascular risk factors and quality of life in type 2 diabetes patients more than an individual counseling program. The
short-term effects of the 6-month intervention-period
were previously published [11,12] and resulted in a significantly larger decrease in HbA1c in the individual
group. Most cardiovascular risk factors, vitality and fatigue distress improved equally in both groups. This paper reports the longer term follow-up effects 12 months
after baseline.

2. PATIENTS AND METHODS
2.1. Study Design and Subjects
The study deign was described in detail previously
[10-12]. Briefly, we screened 264 type 2 diabetes patients
of which 143 met the following inclusion criteria: Type 2
diabetes patients (age ≥ 18 years) with HbA1c ≥ 6.8 %
and ≤ 10.0%. All patients gave their informed consent to
the study, which conformed to the principles of the Declaration of Helsinki. Patients were stratified by gender
and age. Using consecutively numbered sealed envelopes
patients were randomly assigned to a 6-month groupbased rehabilitation program in a primary healthcare
center or to a 6-month individual counseling program in
a diabetes outpatient clinic. Neither the investigator nor
the patients were blinded to the allocation. The study was
approved by the local ethnics committee. Clinical Trials.
gov registration number: NCT00284609.

2.2. Interventions
The group-based rehabilitation program at the healthcare center was derived from evidence-based guidelines
and from the empowerment model and involved a great
amount of patient collaboration [13,14]. The program
focused on achievement of self-selected goals and enhanced control and problem solving strategies.
All groups comprised of 8 patients. The education
Copyright © 2012 SciRes.
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component consisted of 90-min sessions held weekly for
a total of 6 weeks. The curriculum included: pathology of
diabetes, self blood-glucose monitoring, physical activity
and change in diet as a therapy, the diabetic foot, and
diabetic complications. The education team consisted of
a nurse, a dietician, a physiotherapist, and a podiatrist.
All personnel were trained and supervised in the use of
the motivational interviewing technique by an expert
psychologist [15].
Patients participated in supervised exercise in 1.5-hour
sessions twice a week in a 12-week period. A physiotherapist tailored an individual program for each patient
including both aerobic and resistance exercise. The diet
instruction classes were taught by a dietician and included two cooking classes, each of three hours, and a
2-hour session in a local supermarket.
Before patients entered the program they participated
in a motivational interview and set personal goals [15].
Goal achievement was evaluated in collaboration with
the patients at the end of the program and at 1 and 3
months after program completion by telephone contacts.
The individual counseling program at the diabetes
outpatient clinic at Bispebjerg University Hospital was
based on the same clinical guidelines and empowerment
approach [13,14]. The nurse specialist and the dietician
were trained in the use of the motivational interviewing
technique [15].
During a period of 6 months patients were scheduled
for 4 one-hour sessions of individual counseling with a
diabetes nurse specialist. Using the patients’ own stories
they received personalized information and guidance
about type 2 diabetes, medications, risk factors, bloodglucose self-monitoring, and increasing level of physical
activity to the recommended 30 minutes of daily exercise.
The program also included 3 individual counseling
sessions with a dietician. The patients’ set personal goals
and the dietician developed in cooperation with the patient a diet-schedule based on biochemical, anthropometrical and medical records and patients’ motivation and
attitudes. In addition, the patients received 45 minutes
guidance and instructions about foot-care from a podiatrist.
The endocrinologist or general practitioner caring for
the patients prior to the study continued to provide diabetes management during and after the intervention;
however, they were not part of the study team. Patients
reported any medical change to the study team; these
were quantified by the principal investigator and included in the analysis.

2.3. Outcomes
The primary outcome measure was change in glycemic control, as indicated by HbA1c levels. Other preOPEN ACCESS
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defined outcomes included blood pressure, lipid profile,
body weight, waist circumference, health-related quality
of life (HRQOL), self-rated health, insulin resistance and
beta-cell function estimates.

2.4. Measurements
Demographic and clinical parameters were recorded at
baseline and repeated at the completion of the 6-month
intervention program and 12 months after baseline. A
detailed description of blood sample measurements and
clinical parameters were previously published [10,11].
The SF-36 questionnaire (Medical Outcomes Study
Short Form 36-item Health Survey, version 1.0) was used
to measure health-related quality of life in both physical
and mental health component scores [16]. Eight subscales were generated in the following domains: physical
functioning, physical limitation, bodily pain, general
health, vitality, social functioning, emotional limitation,
and mental health. An increased score (0 - 100) on SF-36
indicated an improvement.
Self-rated diabetes symptoms were measured using the
DSC-R questionnaire (Diabetes Symptom Checklist—
Revised) [17]. The DSC-R measures the perceived burden (from 0 - 5 points) of diabetes-related symptoms.
The 34 items were grouped into 8 subscales: hyperglycemia, hypoglycemia, psychological cognitive functioning, psychological fatigue, cardiovascular symptoms,
neuropathic pain, neuropathic sensory, and ophthalmologic functioning. A decreased score on DSC-R indicated
an improvement. The validity and reliability of the SF-36
and the DSC-R instrument has been well documented
[18,19].

cular risk factors) with imputed values for missing data
by carrying forward the last measured outcome. ITT
analysis was not possible for quality-of-life and selfrated health measurements since the majority of missing
data included baseline data.
Group × time interactions represent differences in the
shape of the response profile over time (baseline, 6
months and 12 months) by group. Time represents the
main effects of time from baseline to 12 months follow-up in the two groups combined. We used two-sided
tests and a statistical significance level at P < 0.05.

3. RESULT
Baseline characteristics of the study population are
shown in Table 1. Of the 143 randomized patients 120
completed the 12 months visit. Main reasons for dropout
were time constraints, disappointment with the allocation,
and personal reasons. There were no difference in baseline values between dropouts and patients who continued
follow-up with the single exception that dropouts had
higher weight and waist circumference.
Adherence to the intervention programs was judged by
session attendance. In the rehabilitation group, 37 (64%)
patients attended at least 18 of 24 exercise sessions, 42
(72%) patients at least five of six education sessions, and
50 (86%) patients attended at least two of three dietary
education sessions. In the individual group, 48 (84%)
patients attended at least three of four nurses counseling
Table 1. Baseline characteristics of patients in the rehabilitation
group and in the individual group.
Rehabilitation
group

Individual
group

N = 70

N = 73

Age

58.5 (9.0)

58.0 (10.3)

Men, n (%)

41 (59)

44 (60)

Duration of T2DM, years (range)

6.7 (0 - 37)

6.4 (0 - 24)

HbA1c, %

7.9 (0.8)

7.8 (0.9)

Systolic

146 (18)

145 (17)

Diastolic

85 (10)

84 (9)

Weight, kg

96.2 (15.2)

98.2 (24.8)

Waist circumference, cm

108.9 (12.8)

108.6 (16.9)

Total cholesterol

4.7 (1.0)

4.9 (1.1)

HDL-C

1.2 (0.3)

1.2 (0.4)

LDL-C

2.7 (0.9)

2.6 (1.0)

Triglycerides

2.2 (1.4)

2.4 (1.6)

2.5. Statistical Analyses
We calculated the sample size of 160 patients in order
to yield 90% power (α = 0.05, two-tailed) to detect an
absolute difference in HbA1c of 0.7%-point between the
two groups. The study statistician carrying out the data
analysis was blinded to patients’ allocation.
The change over time (repeated measurement) was
analyzed using mixed models (PROC MIXED) in SAS
9.2. (Cary, NC) [20]. The linear mixed model assumptions appeared satisfactory since model tests showed that
the residuals of the majority of variables were almost
normal distributed. Logarithmic transformation was not
possible because some of the variables had the value
“zero”. The setup included a random intercept as all
measurements from the same person were correlated
with the same correlation coefficient and all missing observations were considered to be missing at random. All
available data were used in the analysis. However, due to
high dropout rate an additional intention-to-treat (ITT)
analysis was done (for glycemic control and cardiovasCopyright © 2012 SciRes.

Blood pressure, mmHg
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sessions, and 50 (88%) patients attended at least two of
three dietician counseling sessions.

3.1. Glycemic Control
Figure 1 shows the change over time in HbA1c from
baseline to 12 months follow-up. Change of HbA1c did
not differ between the two groups (P = 0.23). HbA1c decreased by 0.2%-point (95% confidence interval [CI] =
−0.4 to 0.03) in the rehabilitation group and by 0.4%point (95% CI = −0.6 to −0.1) in the individual group
compared with baseline values. There was a significant
effect of time in the two groups combined (P < 0.001).
The intention-to-treat (ITT) analysis did not change the
results.
The change over time in HOMA-IR, HOMA-B and
proinsulin/insulin ratio did not differ between the two
groups (Table 2). The ITT analysis of HOMA-IR, HOMA-B and proinsulin/insulin ratio did not change the
results.
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(95% CI = −2.9 to −1.1) in the rehabilitation group and
by 1.6 cm (95% CI = −2.5 to −0.6) in the individual
group. There was a significant effect of time in all these
outcomes in the two groups combined (P < 0.001). The
changes of plasma lipids between and within the two
groups over time were very small and statistically insignificant (data not shown).
The ITT analysis did not change the results.

3.3. SF-36
There were no significant differences in change over
time in any of the 8 subscales between the rehabilitation
group and the individual group. Table 2 shows the results of 4 subscales in which significant changes within
the groups occurred. There was a significant improvement in physical function in the rehabilitation group (4.4

3.2. Cardiovascular Risk Factors
The change over time in weight, waist circumference
and blood pressure did not differ significantly between
the two groups (Figure 2). The systolic blood pressure
decreased by 6 mmHg (95% CI = −9.3 to −2.5) in the
rehabilitation group but only by 3 mmHg (95% CI = −6.3
to 0.7) in the individual group. The diastolic blood pressure decreased by 4 mmHg (95% CI = −6.3 to −2.4) in
the rehabilitation group and by 3 mmHg (95% CI = −4.7
to −0.7) in the individual group. Body weight was reduced by 2.2 kg (95% CI = −3.2 to −1.3) in the rehabilitation group and by 1.6 kg (95% CI = −2.6 to −0.7) in the
individual group. Waist circumference decreased by 2 cm

Figure 1. Mean values of HbA1c at baseline, 6 months and 12
months follow-up in the rehabilitation group and in the individual group. Time: P < 0 .001 Group × time: P = 0.21 *P <
0.05 within group (12 months compared with baseline values).

Table 2. Change in HOMA-IR, HOMA-B and proinsulin/insulin ratio from baseline to 12 months.
Rehabilitation group

Individual group

Mean (SEM)

Mean (SEM)

Baseline

3.8 (0.4)

4.5 (0.3)

12 months

3.5 (0.4)

3.8 (0.4)†

41.0 (4.8)

40.5 (4.5)

48.9 (5.0)

47.2 (4.9)

Baseline

37.3 (1.7)

35.0 (1.6)

12 months

34.9 (1.7)

34.2 (1.7)

HOMA-IR

P
Time

Group × time

<0.001

0.60

0.06

0.24

0.06

0.69

*

HOMA-B*
Baseline
12 months
Proinsulin/insulin ratio

*

The repeated measurement analysis of change over time from baseline to 12 months follow-up. *Only in patients not in insulin treatment. HOMA-IR = Homeostasis Model Assessment of Insulin Resistance, HOMA-B = Homeostasis Model Assessment of beta-cell function. †P < 0.05 within group (12 months compared with baseline values).

Copyright © 2012 SciRes.
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Figure 2. Mean values of blood pressure, weight and waist circumference at baseline, 6 months and
12 months follow-up. HCC = Healthcare center (rehabilitation group). OPC = Outpatient clinic (individual group). *P < 0.05 within group (12 months compared with baseline values).

point, P = 0.03). General health had improved from baseline values in the individual group (4.8 point, P = 0.03)
and furthermore there was a significant difference between the two groups in mental health in favor of the
individual group (7.5 point, P = 0.02). There was a significant effect of time in vitality and physical functioning
in the two groups combined (P < 0.001).

3.4. DSC-R
There were no significant differences in change over
time in hyper- and hypoglycemic distress or any of the
other DSC-R subscales between the two groups (Table
3). There was a significant decrease in fatigue distress
(−7.2 point, P = 0.003) and cardiovascular distress (−3.7
point, P = 0.03) in the rehabilitation group compared
with baseline values. In the two groups combined there
was a significant effect of time in fatigue and cardiovascular distress (P < 0.05).

4. DISCUSSION
From baseline to 12 months follow-up, we found no
significant differences over time between 6-month groupbased rehabilitation and 6-month individual counseling on glycemic control, cardiovascular risk factors,
HRQOL, or self-rated health in patients with type 2 diabetes.
Copyright © 2012 SciRes.

The change in HbA1c in the rehabilitation group was
less than expected from other educational and exercise
studies [1,21]. In the individual group, the decrease in
HbA1c was still significant after 12 months compared
with baseline but not in the rehabilitation group. In both
groups HbA1c tended to increase again. These results
confirm what was found in a meta-analysis by Norris et
al that the longer the follow-up after an educational intervention, the lesser the effect on HbA1c [2]. In most
studies the maximal effect on HbA1c was no longer than
6 months.
In the same meta-analysis, HbA1c decreased more with
additional contact time between patient and educators.
This was not the case in our study since the patients in
the rehabilitation program had 57.5 hours of contact
whereas the patients in the individual group had 6.75
hours of contact. In addition, the personnel resource use
in the rehabilitation program was twice as much as in the
individual program (13.65 personnel hours versus 6.75
personnel hours).
At the 12-month follow-up visit, the mean diastolic
blood pressure decreased by 4 mmHg and the mean systolic blood pressure decreased by 6 mmHg in the rehabilitation group compared with baseline values. If sustained, these results are clinically important. Epidemiological studies have shown that a long-term difference of
5 - 6 mmHg in diastolic blood pressure was associated
OPEN ACCESS
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Table 3. Change in health-related quality-of-life (SF36) and self-rated health (DSC-R) from baseline
to 12 months.
Rehabilitation group

Individual group

Mean (SEM)

Mean (SEM)

Baseline

77.8 (2.4)

83.0 (2.4)

12 months

82.2 (2.4)†

85.2 (2.4)

Baseline

63.1 (2.6)

64.9 (2.6)

12 months

64.1 (2.5)

69.8 (2.6)†

Baseline

58.3 (2.9)

62.1 (2.9)

12 months

62.2 (2.9)

66.5 (3.0)

Baseline

75.9 (2.3)

78.8 (2.3)

12 months

75.4 (2.3)

82.9 (2.4)¶

Baseline

1.38 (0.15)

1.51 (0.14)

12 months

1.40 (0.14)

1.37 (0.15)

Baseline

1.16 (0.13)

1.01 (0.13)

12 months

1.05 (0.12)

0.95 (0.13)

2.13 (0.15)

1.86 (0.15)

†

1.77 (0.15)

1.73 (0.15)

0.96 (0.10)

0.71 (0.10)

†

0.77 (0.10)

0.66 (0.10)

Baseline

1.04 (0.08)

0.89 (0.08)

12 months

0.99 (0.08)

0.87 (0.08)

SF36

P
Time

Group × time

<0.05

0.73

0.07

0.41

<0.01

0.95

0.26

0.28

0.45

0.28

0.36

0.09

<0.01

0.38

<0.05

0.15

*

Physical function

General health

Vitality

Mental health

‡

DSC-R

Hyperglycaemia

Hypoglycaemia

Fatigue
Baseline
12 months
Cardiology
Baseline
12 months
Total

*

<0.05

0.90
‡

Score scale range (0 - 100). A higher score on SF-36 indicates an improvement in quality of life. Score scale (0 - 5). A
lower score indicate an improvement; †P < 0.05 within group (12 months compared with baseline values); ¶P < 0.05 comparison between groups at one particular time (12 months follow-up).

with about 40% lower risk of stroke and about 30%
lower risk of ischemic heart disease (IHD) [22,23]. Even
a long-term difference of 2 mmHg in systolic blood pressure would cause about 10% lower stroke mortality rate
and about 7% lower mortality rate from IHD [23].
In obese patients participating in short-term behavioral
intervention studies the point of maximal weight loss
was 6 months after the initiation of the intervention and
Copyright © 2012 SciRes.

then the weight regain began [24]. Although the shortterm reduction in weight and waist circumference in our
study only accounted for 2% of the baseline values, it
sustained after 12 months in both groups.
Only in the rehabilitation group, the improvements in
fatigue and cardiovascular distress sustained statistically
significant after 12 months. The physical function in the
rehabilitation group and general health in the individual
OPEN ACCESS

314

E. S. Vadstrup et al. / Journal of Diabetes Mellitus 2 (2012) 308-315

group also improved. We previously showed that hyperand hypoglycemic distress improved significantly in the
individual group and compared with the rehabilitation
group after the 6-month intervention period [12]. These
differences did not sustain after 12 months. In general,
the changes over time in HRQOL and self-rated health
were relatively small in both groups. Compared with
study populations of uncontrolled type 2 diabetes patients our study population had higher baseline scores of
HRQOL and lower baseline scores of self-rated symptom
distress [25,26]. If an individual is functioning at an almost optimal level prior to an intervention, it might be
difficult to demonstrate a positive effect of the intervention because there is little room for improvements. Thus,
our results do not match the short and long-term improvements found in a systematic review of well-being
and HRQOL in self-management interventions [27].
The current study had some limitations. Since both interventions were multi-disciplinary it was not possible to
identify the effect of each component of the interventions.
We did not evaluate the compliance of the educational
component (i.e. by measuring patients’ knowledge) or
the diet intervention (i.e. by calorie intake). We did use
several physical tests to measure patients’ physical fitness that showed significant improvements in muscle
strength and mobility after the exercise program in the
rehabilitation group (data not shown). Neither the patients nor the investigator were blinded to the allocation
in this study, which may have induced bias by the investigator examining the patients after the interventions. If
the investigator was prejudiced in favor of the intervention group the already limited improvements found in the
intervention group would be even smaller. The dropout
rate was high which could lead to attrition bias. However,
the only difference between dropouts and completers was
that dropouts were more obese than completers. This
might have resulted in a larger observed weight loss in
the individual group but probably not influenced any of
the other results. The use of anti-diabetic, anti-hypertensive and lipid-lowering medication was possible confounders but there were no significant differences in
medication use or change in medication during the intervention and in the following observation period between
the groups (data not shown).

5. CONCLUSION
This study compared the effects of two lifestyle intervention programs delivered in a real-world context. Both
interventions reflect the current clinical care setting and
therefore the results are in line with what is possible to
obtain at least in our clinical setting. Our study demonstrates that group-based rehabilitation in a primary healthcare center is a comparable alternative to individual counCopyright © 2012 SciRes.

seling in an outpatient clinic. However, the rehabilitation
program demanded more resources and probably costs
and should be improved and modified in order to result
in larger and sustainable improvements. In addition, our
results stress the limited value of short-term educational
programs in diabetes care. Further research is needed to
optimize lifestyle intervention in type 2 diabetes patients
and to show whether regular reinforcement can achieve
sustainable improvements.
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