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ABSTRACT 

Background: Today most guidelines on the man- 
agement of type 2 diabetes incorporate lifestyle 
intervention including patient education, physi-
cal activity and dietary modification. However, 
the content and organization of lifestyle inter- 
vention programs are still debatable. Aims: To 
compare the longer term effectiveness of a 
group-based rehabilitation program with an in- 
dividual counseling program at improving gly-
cemic 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 reha-
bilitation program, including patient education, 
supervised exercise, and diet intervention, or a 
6-month individual counseling program. Follow- 
up 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% confi- 
dence 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 circum-
ference 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), dia- 
stolic 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 

1.6 cm (95% CI = −2.5, −0.6). Vitality, fatigue dis- 
tress, 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. Conclu- 
sions: 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.  
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1. INTRODUCTION 

Lifestyle intervention plays an important role in the 
management of type 2 diabetes. Educational interven-
tions 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 de-
livering diabetes education are still controversial. Since 
the early 1990 there has been an increasing focus on pa-
tient-centered perspectives, goal setting, self-manage- 
ment 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, group- 
based education were equally or more effective at im-
proving glycated hemoglobin (HbA1c), cardiovascular 
risk factors and quality of life [8,9]. Modification of life-
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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 un-
able to maintain these changes over time [5]. 

A primary healthcare center in Eastern Copenhagen 
was established for provision of a group-based rehabili-
tation program to patients with chronic diseases, includ-
ing type 2 diabetes. The Copenhagen Type 2 Diabetes 
Rehabilitation Project was designed to evaluate the ef-
fectiveness of a 6-month group-based rehabilitation pro-
gram compared with individual counseling in type 2 
diabetes patients [10]. Rehabilitation is a goal-orientated 
and time-limited collaboration process between the pa-
tients and the multi-disciplinary team providing patients 
with self-management skills to support change in life-
style. We hypothesized that a group-based rehabilitation 
program would improve glycemic control, cardiovascu-
lar risk factors and quality of life in type 2 diabetes pa-
tients 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 sig-
nificantly larger decrease in HbA1c in the individual 
group. Most cardiovascular risk factors, vitality and fa-
tigue distress improved equally in both groups. This pa-
per 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 Dec-
laration of Helsinki. Patients were stratified by gender 
and age. Using consecutively numbered sealed envelopes 
patients were randomly assigned to a 6-month group- 
based 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 health-
care 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 en-
hanced control and problem solving strategies.  

All groups comprised of 8 patients. The education 

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 physio-
therapist tailored an individual program for each patient 
including both aerobic and resistance exercise. The diet 
instruction classes were taught by a dietician and in-
cluded 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, blood- 
glucose self-monitoring, and increasing level of physical 
activity to the recommended 30 minutes of daily exer-
cise.  

The program also included 3 individual counseling 
sessions with a dietician. The patients’ set personal goals 
and the dietician developed in cooperation with the pa-
tient a diet-schedule based on biochemical, anthropom-
etrical and medical records and patients’ motivation and 
attitudes. In addition, the patients received 45 minutes 
guidance and instructions about foot-care from a podia-
trist. 

The endocrinologist or general practitioner caring for 
the patients prior to the study continued to provide dia-
betes 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 in-
cluded in the analysis.  

2.3. Outcomes 

The primary outcome measure was change in glyce-
mic control, as indicated by HbA1c levels. Other pre- 

Copyright © 2012 SciRes.                                                                    OPEN ACCESS 



E. S. Vadstrup et al. / Journal of Diabetes Mellitus 2 (2012) 308-315 310 

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 sub-
scales 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 bur-
den (from 0 - 5 points) of diabetes-related symptoms. 
The 34 items were grouped into 8 subscales: hypergly-
cemia, hypoglycemia, psychological cognitive function-
ing, psychological fatigue, cardiovascular symptoms, 
neuropathic pain, neuropathic sensory, and ophthalmo-
logic 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]. 

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 assump-
tions 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 ob-
servations 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 cardiovas-

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 self- 
rated 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 fol-
low-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 base-
line 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) 

Blood pressure, mmHg   

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) 
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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 insig-
nificant (data not shown). 

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 de-
creased 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 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 re-
sults of 4 subscales in which significant changes within 
the groups occurred. There was a significant improve-
ment in physical function in the rehabilitation group (4.4  

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, HO- 
MA-B and proinsulin/insulin ratio did not change the 
results. 

 

 

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 pres-
sure 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 re-
duced by 2.2 kg (95% CI = −3.2 to −1.3) in the rehabili-
tation 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 indi-
vidual 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 P 

 Mean (SEM) Mean (SEM) Time Group × time 

HOMA-IR*     

  Baseline 3.8 (0.4) 4.5 (0.3)   

  12 months 3.5 (0.4) 3.8 (0.4)† <0.001 0.60 

HOMA-B*     

  Baseline  41.0 (4.8) 40.5 (4.5)   

  12 months 48.9 (5.0) 47.2 (4.9) 0.06 0.24 

Proinsulin/insulin ratio*     

  Baseline 37.3 (1.7) 35.0 (1.6)   

  12 months 34.9 (1.7) 34.2 (1.7) 0.06 0.69 

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

 
point, P = 0.03). General health had improved from base-
line values in the individual group (4.8 point, P = 0.03) 
and furthermore there was a significant difference be-
tween the two groups in mental health in favor of the 
individual group (7.5 point, P = 0.02). There was a sig-
nificant 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 cardiovas-
cular distress (P < 0.05). 

4. DISCUSSION 

From baseline to 12 months follow-up, we found no 
significant differences over time between 6-month group- 
based rehabilitation and 6-month individual counsel- 
ing on glycemic control, cardiovascular risk factors, 
HRQOL, or self-rated health in patients with type 2 dia-
betes.  

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 in-
tervention, 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 sys-
tolic blood pressure decreased by 6 mmHg in the reha-
bilitation group compared with baseline values. If sus-
tained, these results are clinically important. Epidemiol-
ogical studies have shown that a long-term difference of 
5 - 6 mmHg in diastolic blo d pressure was associated  o 
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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 P 

 Mean (SEM) Mean (SEM) Time Group × time 

SF36*     

Physical function     

  Baseline 77.8 (2.4) 83.0 (2.4)   

  12 months 82.2 (2.4)† 85.2 (2.4) <0.05 0.73 

General health     

  Baseline  63.1 (2.6) 64.9 (2.6)   

  12 months 64.1 (2.5) 69.8 (2.6)† 0.07 0.41 

Vitality     

  Baseline 58.3 (2.9) 62.1 (2.9)   

  12 months 62.2 (2.9) 66.5 (3.0) <0.01 0.95 

Mental health     

  Baseline 75.9 (2.3) 78.8 (2.3)   

  12 months 75.4 (2.3) 82.9 (2.4)¶ 0.26 0.28 

DSC-R‡     

Hyperglycaemia     

  Baseline 1.38 (0.15) 1.51 (0.14)   

  12 months 1.40 (0.14) 1.37 (0.15) 0.45 0.28 

Hypoglycaemia     

  Baseline  1.16 (0.13) 1.01 (0.13)   

  12 months 1.05 (0.12) 0.95 (0.13) 0.36 0.09 

Fatigue     

  Baseline 2.13 (0.15) 1.86 (0.15)   

  12 months 1.77 (0.15)† 1.73 (0.15) <0.01 0.38 

Cardiology     

  Baseline 0.96 (0.10) 0.71 (0.10)   

  12 months 0.77 (0.10)† 0.66 (0.10) <0.05 0.15 

Total     

  Baseline 1.04 (0.08) 0.89 (0.08)   

  12 months 0.99 (0.08) 0.87 (0.08) <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 com-
parison 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 pres-
sure 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 

then the weight regain began [24]. Although the short- 
term 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 
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group also improved. We previously showed that hyper- 
and 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 pa-
tients 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 al-
most optimal level prior to an intervention, it might be 
difficult to demonstrate a positive effect of the interven-
tion because there is little room for improvements. Thus, 
our results do not match the short and long-term im-
provements found in a systematic review of well-being 
and HRQOL in self-management interventions [27].  

The current study had some limitations. Since both in-
terventions 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 fit-
ness that showed significant improvements in muscle 
strength and mobility after the exercise program in the 
rehabilitation group (data not shown). Neither the pa-
tients nor the investigator were blinded to the allocation 
in this study, which may have induced bias by the inves-
tigator examining the patients after the interventions. If 
the investigator was prejudiced in favor of the interven-
tion 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-hyperten- 
sive and lipid-lowering medication was possible con-
founders but there were no significant differences in 
medication use or change in medication during the inter-
vention and in the following observation period between 
the groups (data not shown). 

5. CONCLUSION 

This study compared the effects of two lifestyle inter-
vention 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 demon-
strates that group-based rehabilitation in a primary health- 
care center is a comparable alternative to individual coun- 

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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