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OBJECTIVE — To study time course changes in knowledge, problem solving ability, and
quality of life in patients with type 2 diabetes managed by group compared with individual care
and education.

RESEARCH DESIGN AND METHODS — We conducted a 5-year randomized con-
trolled clinical trial of continuing systemic education delivered by group versus individual
diabetes care in a hospital-based secondary care diabetes unit. There were 120 patients with
non–insulin-treated type 2 diabetes enrolled and randomly allocated to group or individual care.
Eight did not start and 28 did not complete the study. The main outcome measures were
knowledge of diabetes, problem solving ability, quality of life, HbA1c, BMI, and HDL cholesterol.

RESULTS — Knowledge of diabetes and problem solving ability improved from year 1 with
group care and worsened among control subjects (P � 0.001 for both). Quality of life improved
from year 2 with group care but worsened with individual care (P � 0.001). HbA1c level
progressively increased over 5 years among control subjects (�1.7%, 95% CI 1.1–2.2) but not
group care patients (�0.1%, �0.5 to 0.4), in whom BMI decreased (�1.4, �2.0 to �0.7) and
HDL cholesterol increased (�0.14 mmol/l, 0.07–0.22).

CONCLUSIONS — Adults with type 2 diabetes can acquire specific knowledge and con-
scious behaviors if exposed to educational procedures and settings tailored to their needs.
Traditional one-to-one care, although delivered according to optimized criteria, is associated
with progressive deterioration of knowledge, problem solving ability, and quality of life. Better
cognitive and psychosocial results are associated with more favorable clinical outcomes.
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P atient education facilitates self-
management of diabetes (1) and has
evolved to become a cornerstone of

quality oriented diabetes care (1–3). Ed-
ucation should be a systematic, patient-
centered process (4) to acquire and retain

the knowledge and skills necessary to live
as satisfactory a life as possible with a dis-
ease (5). Patients with chronic diseases
are often adults for whom a specific an-
dragogic, rather than pedagogic, ap-
proach is required (6). In particular,

specific teaching models are necessary to
induce appropriate health behaviors.
Adults differ from school-age individuals
because they have their own life experi-
ence, maturity, independence, self-
direction, and a desire to contribute. They
need to know why they learn something
and will learn it more readily if it relates to
everyday life (5,6). However, teaching
methods and programs are often not tai-
lored to, and are sometimes at conflict
with, patients’ needs and learning abilities
(7), which may result in failure to adopt
correct and durable health behaviors
(8,9). In addition, objectives, teaching
techniques, and learning processes ap-
plied to diabetes education are seldom de-
scribed in the literature (8,10,11).

We developed a model to manage
type 2 diabetes through a systemic group
education approach that resulted in sus-
tained body weight reduction, increased
HDL cholesterol, and stabilization of
HbA1c (12,13). In contrast, control pa-
tients managed by traditional one-to-one
clinical and education sessions experi-
enced progressive worsening of metabolic
control in accordance with the results of
previous trials of intensified care (14).
Furthermore, group care improved
knowledge of diabetes, problem solving
ability, and quality of life (12,13). In this
article, we describe the time course mod-
ifications of these cognitive and psycho-
social variables over a 5-year follow-up in
these patients and in a matched control
population.

RESEARCH DESIGN AND
METHODS — There were 120 pa-
tients with non–insulin-treated type 2 di-
abetes who gave informed consent to
participate in a randomized controlled
clinical trial of group versus individual di-
abetes care. Eight did not fulfil the inclu-
sion criteria, and of the remainder, 56
were divided into six education groups
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while the other 56 continued with tradi-
tional one-to-one consultations and edu-
cation sessions. Group sessions were held
every 3 months, with one or two physi-
cians and an educator (M.Tr.) acting as
facilitators. None of the patients moved
from one treatment to the other during
the study period. Of those who did not
complete follow-up, 6 patients died (3 in
group care and 3 control subjects), 19
moved to other clinics (10 in group care
and 9 control subjects), and 3 could not
be traced (1 in group care and 2 control
subjects) (Fig. 1). Of the patients who
completed follow-up, those in group care
included 20 men aged 60 � 8 years with
a known duration of diabetes of 8.8 � 5.8
years. Corresponding values for control
subjects were 22 men aged 61 � 8 years
with a known duration of diabetes of
10.1 � 7.8 years. Schooling and occupa-
tion were similar to those reported for the
4-year follow-up (13). Dropouts and pa-
tients who continued follow-up did not

differ for any of the variables measured at
baseline.

Details of the clinical and educational
approaches adopted for group and indi-
vidual care were given previously
(12,13). Group care was based on a sys-
temic education approach (10,11,15).
Planning included educational diagnosis
(5), definition of learning goals, develop-
ment of procedures (including the facili-
tators’ attitudes toward the patients),
program definition, and overall assess-
ment of intervention efficacy in terms of
specific knowledge, problem solving abil-
ity, quality of life, and clinical outcomes
(9,12,13). The curriculum was intention-
ally kept to a minimum of essential con-
cepts (16) to be transmitted by hands-on
activities, group work, problem-solving
exercises, real-life simulations, and role
playing. The program included the bur-
den of overweight, choosing food and
planning meals, physical exercise, check-
ing and improving metabolic control,

smoking cessation, correct assumption of
medication, and preventing complica-
tions. This curriculum, initially divided in
four sessions, was repeated in years 1 and
2, then spread over seven sessions in years
3 and 4 and started again in year 5 to
allow more in-depth discussion and
learning.

Formal teaching and medical or sci-
entific jargon were avoided as much as
possible. To stimulate observation, tech-
nical and cognitive skills, and conscious
choices, simple support material was de-
veloped, e.g., food models or graduated
containers. To induce positive group dy-
namics (13,15), the patients were encour-
aged to report on personal experience and
stimulated to describe, interpret, discuss,
and compare real-life situations (6,17).
Reports of unknowingly wrong behavior
were not criticized but used as a source of
positive learning. Facilitators tried to
stimulate learning by proposing problems
that stimulated the patients’ solving ra-

Fig. 1—Participant flow.
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ther than mnemonic abilities (17,18).
Throughout the sessions, we constantly
tried to obtain feedback on how much of
the topic being covered had been retained
by the patients (18). To minimize anxiety
and consequently resorting to avoidance
strategies in the patients, complications
and relevant risk factors were addressed
later, after the sessions on weight and eat-
ing control had presumably induced
some degree of mastery on the patients’
reactions and behaviors (19).

At baseline and after 1, 2, 3, 4, and 5
years, three questionnaires were adminis-
tered to measure:

1) Knowledge of diabetes using a 38-
item questionnaire (modified to simplify
some terms) developed by the Education
Study Group of the Italian Society for Di-
abetes (GISED) (20). The areas explored
included general definitions and aca-
demic notions about diabetes (e.g., symp-
toms, carbohydrates, insulin and insulin
resistance, glycemia, glycosuria, ketone
bodies, treatment of diabetes, oral agents,
and calories) and practical knowledge
(food exchanges, fiber, exercise, HbA1c,
hypoglycemia, monitoring, self-manage-
ment, and foot care). Correct answers
scored one point and wrong answers
scored no points.

2) Problem solving ability (Condotte di
Riferimento) (CdR) (12,13) with a pur-
pose-built 16-item questionnaire that as-
sessed diabetes-related problem solving
knowledge rather than compliance or ad-
herence behaviors. Questions posed hy-
pothetical situations using the “What
would you do if. . .” format to test
whether the subjects could identify un-
derlying health problems and react cor-
rectly. The CdR questionnaire covered
eating beliefs and habits, physical activity,
therapy (mostly hypoglycemia and ap-
propriate consumption of prescribed
drugs), and complications (mostly pre-
vention through regularly consulting
with the health care team, exercise, and
foot care). Correct answers scored one
point and wrong answers scored no
points.

3) Quality of life using a modified ver-
sion of the diabetes quality of life (DQOL)
questionnaire (21) that had been trans-
lated into Italian and revalidated (22).
The questionnaire was modified by leav-
ing out six questions (items 1–3 and 5–7
rom the “Worry: Social/Vocational” section)
that, in the original version, were only
pertinent to young, insulin-dependent

subjects. The modified (DQOL/Mod)
questionnaire included 39 items; answers
were along a 5-point Likert scale from 1
(very satisfied) to 5 (very dissatisfied).
The “Satisfaction” section included 14
items and explored the patients’ psycho-
logical well-being. The 20-item “Impact”
test primarily assessed the practical con-
sequences of diabetes on everyday life.
Finally, the 5-item “Worry: Social/Voca-
tional” section investigated diabetes-
related anxiety, with special reference to
clinical conditions.

All questionnaires were checked for
internal consistency by Cronbach’s �-co-
efficient (23) and internal validity by clus-
ter analysis (24). Patients with literacy
problems were helped to complete the
questionnaires.

Statistical analysis
Results within treatment groups are
means � SD. Differences between base-
line and year 5 values within treatment
groups are means and 95% CI. Changes
in cognitive, psychosocial, and clinical
variables from year 1 to 5 between the two
groups were tested by ANCOVA and ad-
justed for baseline differences in the two
groups.

A multivariate regression model was
fitted using the calculated increase/
decrease from year 1 to 5 for each cogni-
tive and psychosocial variable (GISED,
CdR, DQOL/Mod), as well as each clinical
variable, as dependent variables. Group
care (coded 0/1), baseline values of the
dependent variable, age, length of atten-
dance, duration of diabetes (coded in
years), and schooling (coded in a five-
level ordinal scale and introduced in the
model as dummy variables) were used as
independent variables.

RESULTS — The values of cognitive,
psychosocial, and clinical variables mea-
sured at baseline and year 5 are listed in
Table 1.

Descriptive analysis suggests that
knowledge of diabetes kept increasing
throughout the observation period
among the patients randomized to group
care from year 1, more rapidly so over the
first 2 years (P � 0.001 for both). On the
contrary, patients followed by traditional
one-to-one care tended to gradually re-
duce their knowledge (P � 0.005). Points
that were mostly not modified by either
intervention included those that were
more technical and theory based. Patients

in group care improved their scores on
the practical and some of the more aca-
demic questions.

Answers to the CdR questionnaire
followed a similar pattern, suggesting that
problem solving ability had already im-
proved after the first year (P � 0.005) and
was still rising at year 5 (P � 0.001). The
areas that improved were assuming treat-
ment properly, recognizing symptoms of
poor control, preventing acute and
chronic complications, weight control,
food choices, and smoking cessation.
Problem solving ability correlated with
the baseline level of schooling, specifically
indicating that low levels of schooling are
significantly correlated with a lower score
in this variable. However, control patients
exhibited slow, gradual worsening of
their problem solving ability from year 3
onwards (P � 0.005).

It took 2 years for quality of life to
improve in the patients managed by
group care (P � 0.001); however, after
year 2 this variable worsened among con-
trol subjects (P � 0.001). Changes in the
satisfaction, impact, and worry subareas
followed a pattern similar to that of the
parental scale.

BMI, HDL cholesterol, triglyceride,
and creatinine improved over 5 years in
the patients in group care (Table 1), but
not in a way significantly different from
control subjects. HbA1c remained stable
in the patients in group care but increased
among control subjects, showing a signif-
icant difference between the two groups
(P � 0.001).

In multivariate analysis, group care
per se was the major factor associated
with improved knowledge, problem solv-
ing ability, and quality of life, entered as
dependent variables (P � 0.001 for all).
The effect of group care was independent
of schooling, age, duration of diabetes,
and length of attendance in our clinic.
Knowledge seemed to act as a determi-
nant of CdR scores in the group care pa-
tients, whereas no such relationship held
within the individual care control sub-
jects. On the other hand, neither variable
influenced the DQOL/Mod questionnaire
score in either group, suggesting that the
effect of what is learned about diabetes
and how it is put into effect is not suffi-
cient to improve quality of life. Finally,
modifications of the clinical variables did
not correlate with knowledge, problem
solving ability, or quality of life as as-
sessed by the three questionnaires. The
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Table 1—Biochemical and clinical variables at baseline and year 5 in patients followed by group care (n � 42) and in control subjects (n � 42).

Baseline 5 years Increase/decrease P*

Knowledge of diabetes (GISED score)
Group care 15.5 � 7.9 27.9 � 5.7 12.4 (9.7 to 15.2) �0.001
Control subjects 21.4 � 7.2 18.0 � 8.5 �3.4 (�1.1 to �5.7)

Problem solving ability (CdR score)
Group care 11.4 � 2.6 17.1 � 2.4 5.7 (4.6 to 6.8) �0.001
Control subjects 12.3 � 4.2 10 � 3.8 �2.3 (�1.1 to �3.4)

Quality of life (DQOL/Mod score)
Group care 67.4 � 19.0 43.7 � 7.2 �23.7 (�30.0 to �17.3) �0.001
Control subjects 70.0 � 21.4 89.2 � 30.1 19.2 (8.4 to 29.9)

Body weight (kg)
Group care 79.6 � 13.7 76.1 � 12.9 �3.5 (�5.2 to �1.8) 0.015
Control subjects 77.5 � 16.0 77.3 � 16 �0.24 (�1.9 to 1.5)

BMI (kg/m2)
Group care 30.0 � 4.7 28.6 � 4.1 �1.4 (�2.0 to �0.7) 0.067
Control subjects 27.7 � 4.6 27.6 � 4.4 �0.10 (�0.7 to 0.5)

Fasting blood glucose
Group care

mmol/l 9.8 � 2.6 9.4 � 2.3 �0.4 (�1.52 to 0.70) NS
mg/dl 177 � 49 170 � 42 �7.3 (�27.4 to 12.7)

Control subjects
mmol/l 9.9 � 3.2 10.2 � 2.9 0.3 (�0.99 to 1.51)
mg/dl 179 � 57 184 � 52 4.7 (�17.9 to 27.3)

HbA1c (percentage of total Hb) [3.9–5.1]
Group care 7.4 � 1.4 7.3 � 1.0 �0.1 (�0.5 to 0.4) �0.001
Control subjects 7.4 � 1.4 9.0 � 1.6 1.7 (1.1 to 2.2)

Creatinine
Group care

�mol/l [44.2–114.9] 91.94 � 14.14 75.14 � 25.63 �16.79 (�25.63 to �10.60) NS
mg/dl [0.5–1.3] 1.04 � 0.16 0.85 � 0.29 �0.19 (�0.29 to �0.12)

Control subjects
�mol/l [44.2–114.9] 91.05 � 14.14 78.67 � 47.73 �12.37 (�26.52 to 2.65)
mg/dl [0.5–1.3] 1.03 � 0.17 0.89 � 0.54 �0.14 (�0.3 to 0.03)

Total cholesterol
Group care

mmol/l [2.59–6.21] 5.84 � 1.11 5.50 � 1.06 �0.32 (�0.68 to 0.03) NS
mg/dl [100–240] 225 � 42 213 � 41 �12.6 (�26.3 to 1.0)

Control subjects
mmol/l [2.59–6.21] 5.46 � 0.93 5.27 � 1.13 �0.43 (�0.54 to 0.10)
mg/dl [100–240] 212 � 35 204 � 44 �8.5 (�21.2 to 4.2)

HDL cholesterol
Group care

mmol/l [0.90–1.68] 1.27 � 0.31 1.39 � 0.33 0.14 (0.07 to 0.22) NS
mg/dl [35–65] 49 � 12 54 � 13 5.7 (2.7 to 8.7)

Control subjects
mmol/l [0.90–1.68] 1.32 � 0.31 1.42 � 0.31 0.10 (�0.02 to 0.23)
mg/dl [35–65] 51 � 12 55 � 12 3.9 (�0.9 to 8.8)

Triglyceride
Group care

mmol/l [0.56–1.98] 2.54 (0.66–11.49) 2.17 � 2.30 �0.48 (�1.15 to 0.20) NS
mg/dl [50–175] 235 � 205 193 � 204 �42.3 (�102.0 to 17.9)

Control subjects
mmol/l [0.56–1.98] 1.81 (0.51–5.22) 1.52 � 0.75 �0.28 (�0.60 to 0.03)
mg/dl [50–175] 160 � 88 135 � 67 �25.5 (�53.9 to 2.9)

Data are means � SD or means (95% CI); values in square brackets refer to the normal reference ranges in the laboratory. *Difference between group care and control
subjects.
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difference in HbA1c between patients in
group and individual care remained asso-
ciated with treatment modality after ad-
justing for changes in BMI.

CONCLUSIONS — This is the first
5-year intervention study reporting on
the time course modifications of learning,
problem solving ability, and quality of life
in patients with a chronic disease, type 2
diabetes, managed by a program specifi-
cally designed to continuously deliver
health education with care. The results of
this study suggest that, in contrast with
reports of their declining cognitive func-
tion (25), diabetic adults are able to ac-
quire new knowledge and conscious
behaviors, independent of schooling and
age, if exposed to procedures and settings
specifically tailored to their needs and
characteristics. To the contrary, patients
followed by the traditional one-to-one ap-
proach experienced progressive deterio-
ration of knowledge, problem solving
ability, and quality of life.

Improving diabetes knowledge scores
among patients in group care shows that
the information delivered was success-
fully retained over 5 years. Presumably,
improved knowledge was a result of the
particular teaching approach, patient/
provider relationship, and permanent ed-
ucational reinforcements (6,26) that were
built into the group care model (12,13).
Improvement in problem solving ability
was strongly correlated with increasing
knowledge about diabetes. Indeed, group
care aimed at modifying the existing ref-
erence system, thus providing guidance
in eating, exercise, and healthy practices
in general. We aimed at modifying life-
style in the patients by increasing aware-
ness of risks, problems, and solutions that
may arise in the course of life with diabe-
tes, rather than inducing passive behav-
ioral changes. It is worth mentioning that
in our analysis, problem solving ability
showed a relationship with the level of
schooling, specifically suggesting that low
levels of schooling are significantly corre-
lated with a lower score in this variable.
Problem solving ability seems therefore to
be a result not only of greater knowledge,
but also of a more complex, “educated”
lifestyle.

According to Knowles’s andragogy
theory (4), adults will learn new notions if
1) the teacher takes into account their per-
sonal experience and responsibility in
making autonomous decisions, 2) they

help people cope with real-life situations,
and 3) they respond to internal motiva-
tions. On the contrary, adults will resist
new concepts if they clash with estab-
lished habits and experience.

Quality of life was the variable that
showed more resistance to change. This is
perhaps not surprising because quality of
life is linked to self-perception and rela-
tionships with society at large. Multivari-
ate analysis confirmed that changes in
quality of life were independent of ac-
quired knowledge, problem solving abil-
ity, or clinical improvements and
depended only on the treatment modal-
ity. Possibly, group dynamics and peer
ident ificat ion may improve se l f -
perception and self-esteem, reduce dis-
ease-related anxiety, and ultimately
induce a feeling of well-being in spite of
diabetes.

Not only were the three question-
naires validated for internal coherence
and consistency, but a ceiling effect was
not observed for any of the measured vari-
ables, indicating that the questionnaires
had been well calibrated to detect varia-
tions within the range to be observed.

Group care prevented deterioration
of glycemic control, as observed among
patients in individual care, rather than
lower HbA1c levels. This should be con-
sidered a very positive outcome of this
approach because previous trials, such as
the U.K. Prospective Diabetes Study (14),
had shown that metabolic control tends
to worsen progressively in type 2 diabetes
despite intensive hypoglycemic interven-
tion. Multivariate analysis suggests that
the difference in HbA1c depended only in
part on the decrease in BMI observed in
the patients followed by group care. The
possibility that the latter had received
more intensive pharmacological treat-
ment is ruled out by the observation, de-
tailed previously (13), that dosages of
hypoglycemic agents had to be increased
in the patients in individual care but re-
mained unchanged, or decreased, among
those in group care. Improving CdR
scores and levels of HDL cholesterol, on
the other hand, suggest that positive
changes in eating and exercise behaviors,
although not measured directly in this
study, might have been induced by group
care and contributed to stabilizing meta-
bolic control. On the other hand, that pa-
tients in individual care had been treated
according to optimized standards is sup-
ported by the observation that their

HbA1c levels remained below those re-
ported in the U.K. Prospective Diabetes
Study for a similar known duration of di-
abetes (14).

It is often repeated in the literature
that new models should be developed to
empower patients and build strategies
that enable them to cope with chronic dis-
eases. We suggest that managing type 2
diabetes by systemic education-based
group care may represent one such
model. We showed previously (12,13)
that individual visits can be substituted by
interactive group consultations as a feasi-
ble, cost-effective form of outpatient dia-
betes care. Whether appropriate adapta-
tions of the teaching program could make
this model useful for other chronic con-
ditions remains to be ascertained by sim-
ilar randomized controlled clinical trials.
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