
Abstract

Aims/hypothesis. The aim of this study was to investi-
gate the effectiveness of physical activity counselling
in promoting physical activity in people with Type 2
diabetes and to evaluate resultant physiological and
biochemical effects.
Methods. A total of 70 inactive people with Type 2 di-
abetes were given standard exercise information and
randomised to receive physical activity counselling
(n=35, experimental) or not (n=35, control). Physical
activity consultations were delivered at baseline and
after 6 months, with follow-up phone calls after 1, 3, 6
and 9 months. Changes from baseline after 6 and 12
months were assessed for physical activity (7-day re-
call and accelerometer), for physiological characteris-
tics (body mass index and blood pressure) and for bio-
chemical variables (HbA1c, lipid profile, fibrinogen,
tissue plasminogen activator and microalbuminuria).
Results. Significant differences between groups were
recorded for physical activity after 6 and 12 months
(p<0.01). The experimental group had increased 
levels of physical activity from baseline to 6 months

(p<0.01), with no decrease from 6 to 12 months
(p>0.05). In the control group, accelerometer counts
per week decreased from baseline to 12 months
(p=0.03). Between-group differences (p<0.05) were
recorded for the change in HbA1c (experimental:
0.26% decrease; control: 0.15% increase), for systolic
blood pressure (experimental: 7.7 mm Hg decrease;
control: 5.6 mm Hg increase) and for fibrinogen (ex-
perimental: 0.28 mmol/l decrease; control: 1.43 mmol/l
increase) from baseline to 6 months, and for total cho-
lesterol (experimental: 0.33 mmol/l decrease; control:
0.04 mmol/l increase) from baseline to 12 months
(p<0.05). No significant differences were recorded in
other measured variables.
Conclusions/interpretations. Physical activity coun-
selling was effective in promoting physical activity in
people with Type 2 diabetes. The counselling im-
proved glycaemic control as well as the status of car-
diovascular risk factors in these patients.
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Introduction

Extensive evidence demonstrates the benefits of phys-
ical activity for the management of Type 2 diabetes. A
meta-analysis [1] reviewed the effect of exercise on
glycaemic control in people with Type 2 diabetes and
demonstrated an overall mean difference in HbA1c of
0.66% between exercise and control groups. This clin-
ically significant improvement, if maintained, has the
potential to substantially reduce the development of
diabetic complications [2]. Regular physical activity
also has the potential to improve the status of several
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Table 1. Physical activity interventions for people with Type 2 diabetes

Author Study Intervention Population Outcomes & Results and 
type follow-up comments

Lightenberg et al. 1997 RCT Supervised aerobic 58 elderly men Physical activity, Significant increase 
[8] exercise programme, with Type 2 VO2(max), HbA1c, in VO2(max) and physical 

12 weeks (phase 1), diabetes full lipid profile, activity in experimental 
non-supervised body composition. group. No change in 
14 weeks (phase 2) 6 months follow-up controls. Significant 

between-group difference
of change in total 
cholesterol

Mourier et al. 1997 RCT Supervised aerobic 24 people with VO2(max), body Significant improvements
[9] exercise Type 2 diabetes composition, HbA1c. in all outcomes

2 months follow-up in experimental group.
No changes in controls

Raz et al. 1994 RCT Supervised aerobic 40 people with Attendance at exercise Significant improvement
[10] exercise programme Type 2 diabetes class, VO2(max), BMI, in VO2(max), HbA1c and 

HbA1c, total cholesterol, triglycerides in 
HDL cholesterol, experimental group. 
LDL cholesterol, No changes in controls
triglycerides. 3 months 
follow-up

Lehmann et al. 1995 RCT Supervised exercise 29 people with Physical activity, blood Significant improvements 
[11] programme Type 2 diabetes pressure, body in physical activity, blood

composition, lipid profile, pressure, body 
HbA1c. 3 months composition and lipid 
follow-up profile in experimental

group. No change in
HbA1c. No changes in
controls

Lehmann et al. 2001 Case Supervised exercise 16 people with Physical activity Significant improvements 
[12] control programme Type 2 diabetes (monitored by daily in physical activity, body 

records). Full lipid profile, composition, HDL 
HbA1c, body composition. cholesterol and total 
3 months follow-up cholesterol in 

experimental group. No 
changes in controls

Samsara 1997 RCT Structured exercise 26 sedentary Anthropometric measures, No change in physical 
[13] programme, including people with lipid profile, HbA1c, activity behaviour in 

support for 6 months Type 2 diabetes physical activity. 6 and experimental group. 
(provided monthly) 12 months follow-up Significant difference 
compared with usual between groups in HbA1c 
care after 6 months, not main-

tained after 12 months. 
No change in any other 
outcomes

Vanninen et al. 1992 RCT Diet & exercise inter- 78 people with VO2(max), physical activity No change in physical 
[14] vention. Oral and Type 2 diabetes questionnaire. activity or VO2(max) in 

written instruction 12 months follow-up either group
for physical activity

Uusitupa 1996 RCT Multifactorial inter- 86 people with Physical activity and No change in physical 
[15] vention with 6 visits Type 2 diabetes VO2(max). 12 months activity in either group

compared to standard follow-up
care. Oral and written
instruction for 
physical activity

Hanefeld et al. 1991 RCT Multifactorial inter- 1139 people with Physical activity Significantly higher 
[16] vention. Supervised diet-controlled questionnaire. physical experimental 

structured exercise Type 2 diabetes 5 years follow-up group. No change in 
programme and active controls. Only 20–30% 
living encouraged attended exercise sessions 

after 2 years



cardiovascular risk factors such as body composition,
blood pressure, blood lipids, cardiorespiratory fitness
and fibrinolytic functioning, as well as quality of life
and perceived well-being [3]. Furthermore, recent in-
tervention trials have shown that diet plus exercise can
reduce or delay the progression of impaired glucose
tolerance to Type 2 diabetes by 58% [4, 5].

Up to 80% of people with Type 2 diabetes do not
do enough physical activity to benefit their health, and
in comparison with the general population, people

with diabetes experience a higher frequency of relapse
to sedentary behaviour [6]. Promotion of physical 
activity in current diabetes care is inadequate. People
with Type 2 diabetes report receiving less support,
less education and less encouragement to undertake
physical activity than reported for any other area of
diabetes management [7].

Table 1 details previous research involving physi-
cal activity interventions for people with Type 2 dia-
betes. The majority of the research has involved struc-
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McKay et al. 2001 RCT Diabetes physical 78 people with Physical activity No changes in physical 
[17] activity internet Type 2 diabetes questionnaire. 2 months activity in either group. 

intervention (incor- follow-up Could suggest personal 
porated activity goals, contact is important
overcoming barriers, 
personalised feedback)
compared to internet 
information only

Kirk et al. 2001 RCT Exercise consultation 26 people with 7-day physical activity Significant difference 
[18] compared to standard Type 2 diabetes recall, accelerometer. between experimental 

care 5 weeks follow-up and control group in 
physical activity levels 
and accelerometer counts 
at follow-up. Experimental 
group increase, controls 
decrease

Hasler et al. 2000 RCT Exercise consultation 34 people with Scottish Physical Activity Significant difference 
[19] compared with Type 1 diabetes Questionnaire, stage of between experimental 

standard care change. 3 weeks follow-up and control group in 
leisure time physical 
activity at follow-up. 
Experimental group in-
crease, controls decrease

Smith et al. 1997 RCT Motivational inter- 22 people with BMI, HbA1c, diabetes Experimental group trend 
[20] viewing compared Type 2 diabetes treatment, adherence, towards more exercise 

with standard care calorie/food recording, and calorie recording 
exercise frequency and (p=0.07). Both groups 
blood glucose monitoring. significant decrease in 
4 months follow-up weight

Di Loreto et al. 2003 RCT Exercise counselling 340 people with Physical activity Significant difference 
[21] compared with Type 2 diabetes questionnaire, HbA1c, between experimental 

standard care BMI. 24 months and control group in 
follow-up physical activity at 

follow-up. Experimental 
group increase, controls 
no change. Significant 
change in BMI. Experi-
mental group decrease, 
controls increase. 
Significant change in 
HbA1c. Experimental 
group decrease, controls 
no change. Only subjec-
tive physical activity 
measures used

RCT, randomised controlled trial; VO2(max), maximal oxygen uptake

Table 1 (continued)

Author Study Intervention Population Outcomes & Results and 
type follow-up comments



tured exercise programmes. These programmes are 
effective for increasing physical activity, and for im-
proving glycaemic control and the status of cardiovas-
cular risk factors in people with Type 2 diabetes over
the short term (up to 6 months). However, such pro-
grammes rarely have a theoretical basis, and often tar-
get a motivated group of healthy people. In addition,
they are expensive to develop and maintain, and they
achieve poor long-term adherence. A large prospec-
tive study reported that only 25% of their Type 2 dia-
betic subjects were still engaged with their supervised
exercise programmes after 2 years [16]. Required are
alternative interventions that are effective in stimulat-
ing long-term changes in physical activity behaviour
and that can be realistically implemented into current
diabetes care.

A recent systematic review [22] provided strong ev-
idence for the effectiveness of physical activity coun-
selling in promoting behavioural change in the inter-
mediate and long term. These interventions are particu-
larly effective for attracting sedentary people who
want to increase their physical activity [23]. The char-
acteristics of physical activity counselling make it an
attractive intervention for promoting physical activity
in people with Type 2 diabetes. A person’s physical
condition and level of motivation can be considered
and used to tailor the physical activity programme. An
educational component can be included, involving dis-
cussion of the metabolic effects of exercise and ways
to avoid unnecessary risks. Physical activity coun-
selling could potentially be conducted by any member
of a multidisciplinary diabetes team, following appro-
priate training, and could realistically be included into
current diabetes care with minimal expense.

While there is no universal consensus on the most
effective theoretical basis for physical activity promo-
tion, a large amount of research supports the use of
the transtheoretical model of behavioural change [24].
This model proposes that when changing behaviour,
individuals move through stages: (i) pre-contempla-
tion (no intention to change); (ii) contemplation (con-
sidering change); (iii) preparation (making small
changes); (iv) action (actively engaging in new behav-
iour); and (v) maintenance (sustaining the change over
time). The model includes three mediators that have
been shown to be important for behavioural change:
(i) self-efficacy (confidence in ability to change); 
(ii) decisional balance (pros and cons of change); and
(iii) processes of change (strategies and techniques
used to change, e.g. social support).

Using this evidence, an existing individualised
physical activity counselling intervention [25] based
on the transtheoretical model [24] was adapted to pro-
mote physical activity in people with Type 2 diabetes.
Two randomised controlled pilot studies have shown
this intervention to be effective in promoting short-
term behavioural change (for 1 month) in people with
Type 1 [19] and Type 2 [18] diabetes.

The aim of this project was to evaluate the longer-
term effectiveness (after 6 and 12 months) of physical
activity counselling in promoting and maintaining
physical activity in people with Type 2 diabetes, and
to evaluate the resultant changes in physiological, bio-
chemical and quality of life variables. Preliminary re-
sults (after 6 months) from this study have been previ-
ously reported [26]. The changes in behaviour (physi-
cal activity levels, stages and processes of behavioural
change) will be reported separately. Whilst reporting
the changes in physical activity levels after 6 and 12
months, the main focus of this paper is the resultant
changes in physiological and biochemical variables.

Subjects and methods

Participants

A total of 223 people with Type 2 diabetes, identified from 
diabetes out-patient clinics, were invited to participate in this
study. From this group, 70 people actually participated. Rea-
sons for not participating were lack of time, person already
participating in a clinical trial, or person not meeting inclusion
criteria. There were no significant differences between the
sampled group and the recruited group in terms of sex, age and
BMI (p>0.05). The study group consisted of 35 men and 35
women with a mean age of 57.6±7.9 years, and a mean BMI of
34.6±6.8. Diabetes mellitus was defined according to estab-
lished criteria [27] and was controlled by diet, oral hypogly-
caemic agents or insulin. Participants were in either the con-
templation or the preparation stage of exercise behavioural
change, i.e. they were not following current physical activity
guidelines, but they did intend to become more active [24].
Participants with concurrent medical conditions preventing ex-
ercise were excluded. The ethics committee of Argyll and
Clyde Health Board, Scotland, approved this study, and written
informed consent was obtained from all participants.

Procedures

The progress of the participants through the trial is illustrated
in Figure 1. For baseline assessments, personal and medical
details were recorded, and body weight and height were mea-
sured to determine BMI. Participants were asked to perform a
peak exercise test. This test was used to screen participants for
silent ischaemic heart disease prior to randomisation and to as-
sess cardiorespiratory fitness (data previously reported [26]).
Participants were given a Computer Science and Applications
(CSA) physical activity monitor [28] to be worn for 7 days,
and a sample bottle to provide a 24-hour urine sample. Blood
pressure was measured and a fasting blood sample was taken
to measure full lipid profile, glycaemic control and concentra-
tions of fibrinogen and tissue plasmingen activator antigen 
(t-PA). The 7-day physical activity recall interview [29] was
completed. All participants then received standard exercise in-
formation, in the form of a leaflet approved by Diabetes UK,
and were randomly assigned to the experimental or control
(standard care) group.

Random assignment was carried out on an individual basis
in blocks of 20, using consecutively numbered sealed en-
velopes. Only experimental participants returned for a third
visit. During this visit, participants received a physical activity
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consultation. After 6 and 12 months, all outcome measures and
procedures carried out at baseline were repeated, with the 
exception of physical activity counselling which was not 
repeated after 12 months.

Intervention

Physical activity counselling. Physical activity counselling was
conducted following previously published guidelines [25], and
involved a one-to-one discussion with a trained research assis-
tant lasting approximately 30 minutes. During the intervention,
stage of behavioural change was confirmed, and stage-tailored
strategies and techniques known to influence the mediators of
change were used to encourage physical activity. At baseline,
the strategies and techniques used were similar for all, as each

participant was in either the contemplation or the preparation
stage. The strategies and techniques included investigating cur-
rent physical activity, investigating the benefits, barriers and
costs of becoming more active, finding suitable activities, pro-
viding social support, setting goals, and preventing relapse to
sedentary behaviour. For participants in the contemplation
stage, more emphasis was placed on increasing motivation to
become more active. For participants in the preparation stage,
more emphasis was placed on developing a suitable physical
activity plan.

After the initial consultation, a number of participants had
progressed to a higher stage of behavioural change. Physical
activity consultations given after 6 months focused more on
preventing relapse to sedentary behaviour and on improving
long-term maintenance of a physically active lifestyle. Relapse
prevention strategies involved identifying situations that may
have a negative impact on behavioural change, such as a busy
work schedule or holidays, and developing ways to prevent re-
lapse during these high-risk situations, e.g. discussion of time
management and cues to get back into an activity plan after
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Fig. 1. Progression of participants through the trial



holidays. A number of strategies used in baseline consultations
were also incorporated into the consultation after 6 months.
The benefits, costs and barriers encountered by the participants
were discussed, and current physical activity status was re-
viewed. Individualised time-phased physical activity goals (for
1, 3 and 6 months) were again negotiated.

The aim of the consultation was to encourage patients to
accumulate 30 minutes of moderate physical activity on most
days of the week, as recommended by the American College of
Sports Medicine and by Centers for Disease Control and Pre-
vention [30]. If the participant was already undertaking this
level of activity, they were encouraged to progress towards the
American College of Sports Medicine 1990 guidelines of three
20-min sessions of continuous, moderate to hard exercise per
week to improve fitness [31].

Follow-up support phone calls were given 1 and 3 months
after each consultation. During these phone calls a general dis-
cussion was conducted of previously set activity goals, experi-
enced benefits, barriers and costs of becoming more active,
and relapse prevention. To maintain equal contact time be-
tween groups, control participants also received a phone call.
For the control group these phone calls involved discussions
about topics unrelated to exercise.

Standard exercise leaflet. A leaflet entitled ‘Exercise and your
Diabetes’, approved by Diabetes UK, was used as standard 
exercise information to provide a minimal service to the con-
trol group. The leaflet covered the following topics: why a 
person with diabetes should exercise; recommended amount of
exercise; how to get started; and how exercise can affect diabe-
tes. The leaflet was given to both experimental and control
participants. The content of the leaflet was not explained to
any participant.

Outcome measures

Physical activity outcomes. The 7-day physical activity recall
[29] was used as a subjective measure of physical activity and
involves a structured interview following a standard set of
questions. Time spent per week asleep, as well as time spent
undertaking light, moderate, hard, very hard, and strengthening
and flexibility activities was recorded.

The CSA uniaxial accelerometer (Computer Science and
Applications, Shalimar, Fla., USA) was used to provide an ob-
jective assessment of physical activity measured by bodily ac-
celeration [28]. Monitors were secured by a strap to the partici-
pant’s right ankle and worn for 7 days during all waking hours
except bathing. The CSA monitor records the magnitude of ac-
celerations during body movement at a rate of ten samples per
second. These samples were totalled to produce activity counts
at 1-minute intervals. During return visits, monitors were
downloaded and a total weekly activity count was calculated.

Physiological outcomes. BMI was calculated as weight
(kg)/height (m)2. Blood pressure was measured from the left
arm in the seated position using an automatic blood pressure
monitor (Omron 705CP; Omron Healthcare, Japan). Three
blood pressure measurements were taken and the average 
value recorded.

Biochemical outcomes. A blood sample was taken with mini-
mal venous occlusion after an overnight fast of 12 hours, and
analysed for HbA1c, total cholesterol, HDL cholesterol, LDL
cholesterol, triglycerides, fibrinogen and t-PA. HbA1c was
measured by latex-enhanced turbidimetric immunoassay [32]
(non-diabetic range: 4.5–6.0%). Total cholesterol, triglycerides

and HDL cholesterol were measured directly using enzymatic
methods [33], and LDL cholesterol was calculated using the
Friedewald formula [34]. Fibrinogen was measured by the
Clauss method [35], and t-PA was measured by enzyme immu-
noassay [36].

The number of participants in each group on potentially
confounding medication (for hypoglycaemia, hypotensive or
cardiovascular therapy) was recorded at each time point and
was analysed using chi square tests to determine any signifi-
cant differences between groups. No data were collected on
adherence to medication or dietary therapy.

Statistical analysis

Estimation of sample size. Statistical power was calculated us-
ing the difference in the mean change in physical activity
counts per week between the experimental and control groups
after 30 days, obtained from a pilot study [18]. There was a
90% power of detecting a true 23% difference in counts per
week (baseline mean: 1813893; mean difference: 409780; SD:
444779) with a minimum of 25 participants in each group, giv-
en a significance level of 5%. To allow for drop-out, 35 partici-
pants were recruited in each group. In view of the time con-
straints for this study, statistical power was not adequate to 
analyse sex-dependent effects.

Analysis. Data were analysed using Minitab (version 13.30). A
total of 35 experimental and 35 control data sets were analysed
for the 7-day recall, CSA accelerometer, BMI and blood pres-
sure. There were some missing data for biochemical outcomes
(see Table 1) due to problems obtaining blood samples. Re-
peated measures (time), two-way (time × group) ANOVA
models were used to analyse the effect of the intervention on
measured outcomes. Where appropriate, covariate adjustments
for effects of sex and BMI were applied. Significant main ef-
fects were followed up with Bonferroni multiple comparisons
for repeated measures. For the repeated measures analyses,
tests were conducted for homogeneity of covariance using a
Mauchly sphericity test. If data failed this test (p<0.05), a
Greenhouse Geisser modification was used. Anderson-Darling
tests were performed to test for normality. Variables with non-
normal distributions (7-day physical activity recall) were trans-
formed using the square root before analysis. Data analysis
was conducted on an intention-to-treat basis and with missing
data removed. For all variables the same values of significance
were obtained, suggesting that no significant response bias was
caused by study drop-out. Categorical data are reported as a
proportion and were analysed using chi square or Fisher’s 
exact test. We considered a p value of less than 0.05 to be sta-
tistically significant. On the 7-day recall, only a small number
of participants took part in hard, very hard, and strengthening
and flexibility activities. These categories were combined with
moderate activity and analysed as total activity.

Results

No between-group differences were found on any
measured variable at baseline.

Physical activity outcomes. Analyses of the 7-day 
recall revealed significant main effects of time
(F2.68=6.2; p=0.003), group (F1.68=16.7; p<0.001) and
the interaction of time and group (F2.68=7.5; p=0.008).
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Bonferroni multiple comparisons illustrated that the
experimental group showed a significant increase in
total minutes of activity from baseline to 6 months
(mean difference: 70.3 min; 95% CI: 22.2 to
145.3 min) and 12 months (mean difference:
55.2 min; 95% CI: 14.1 to 123.2 min), with no signifi-
cant decrease from 6 to 12 months (mean difference: 
−10.2 min, 95% CI: −21.4 to 7.4 min). The control
group recorded no significant changes from baseline
after either 6 months (mean difference: −20.2 min;
95% CI: −44.0 to 0.3 min) or 12 months (mean differ-
ence: −13.7 min; 95% CI: −35.7 to 1.5 min). Signifi-
cant between-group differences were recorded after 
6 months (mean difference: 97.0 min; 95% CI: −161.7
to −38.6 min) and 12 months (mean difference:
67.9 min; 95% CI: −164.6 to −30.9 min) with the 
experimental group reporting more total activity than
controls after both 6 and 12 months.

Figure 2 shows the total activity counts with SE
recorded by the CSA accelerometer at baseline, after 
6 months and after 12 months. For the CSA acceler-
ometer, repeated measures ANOVA identified a sig-
nificant main effect of group (F1.68=34.9; p<0.01) and
the interaction of group and time (F2.68=10.0; p<0.01).
Bonferroni multiple comparisons for repeated mea-
sures illustrated that the experimental group signifi-
cantly increased total activity counts per week from
baseline to 6 months (mean difference: 805576
counts; 95% CI: 188427 to 1 422725 counts/week),
with no significant decrease from 6 to 12 months
(mean difference: −388944 counts; 95% CI: −1040090
to 262202 counts/week). The change from baseline to
12 months did not reach significance (mean differ-
ence: 416632 counts; 95% CI: −217743 to 1051007

counts/week). The control group recorded no signifi-
cant change in total activity counts per week from
baseline to 6 months (mean difference: −333343
counts; 95% CI: −932741 to 266054 counts/week) or
6 to 12 months (mean difference: −335717 counts;
95% CI: −966683 to 295248 counts/week), although a
significant decrease was recorded from baseline to 12
months (mean difference: −669061 counts; 95% CI: 
−1292285 to −45837 counts/week). Significant be-
tween-group differences were recorded after 6 months
(mean difference: −1139129 counts; 95% CI: 
−1786768 to −491490 counts/week) and 12 months
(mean difference: −1085903 counts; 95% CI: 
−1771560 to −400245 counts/week), with the experi-
mental group recording higher total activity counts per
week than controls after both 6 and 12 months.

There was a significant correlation (p<0.01) be-
tween total activity from the 7-day recall and total 
activity counts from the CSA accelerometer for the
experimental (r=0.43) and control (r=0.37) group at
baseline.

Physiological outcome measures. Analysis of BMI
demonstrated no significant main effect of time
(F2.68=1.6; p=0.2), group (F1.68=0.05; p=0.8) or the in-
teraction of time and group (F2.68=1.5; p=0.2). There
were no significant differences between the experi-
mental and control groups for the change in BMI from
baseline to 6 months (mean difference: −0.7; 95% CI:
−1.7 to 0.3) or 12 months (mean difference: −0.9;
95% CI: −1.9 to 0.1).

Figure 3 illustrates the change in systolic and dia-
stolic blood pressure by group from baseline after 6
and 12 months. Analysis of changes in blood pressure
revealed no significant main effect of time (F2.68=0.3;
p=0.7), group (F1.68=0.9; p=0.3) or the interaction of
time and group (F2.68=2.7; p=0.08). The difference be-
tween the experimental and control groups for the
change in systolic and diastolic blood pressure from
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Fig. 2. Total activity counts/week at baseline, after 6 months
and after 12 months according to group. Data are means with
standard error bars



baseline to 6 and 12 months revealed a significant be-
tween-group difference for the change in systolic
blood pressure from baseline to 6 months (95% CI: 
−24.7 to −2.0 mm Hg). The experimental group
recorded a small decrease (6.3 mm Hg) and the con-
trol group recorded a small increase (5.0 mm Hg). No
significant differences were recorded between groups
for the change in diastolic blood pressure from base-
line to 6 months (mean difference: −4.05 mm Hg;
95% CI: −9.8 to 1.7) and 12 months (mean difference:
−6.91 mm Hg; 95% CI: −15.2 to 1.4 mm Hg) or the
change in systolic blood pressure from baseline to 
12 months (mean difference: −12.32 mm Hg; 95% CI:
−24.7 to 0.1 mm Hg). Blood pressure was also cate-
gorised at baseline, after 6 months and after 12
months according to whether or not it was in line with
the current guidelines (below 140/80) [37]. At base-
line, 11 out of 35 experimental participants and 13 out
of 35 control participants had blood pressure results in
line with these guidelines. After 6 months, 16 out of
30 experimental participants and 8 out of 31 control
participants had results in line with the guidelines, and
after 12 months this had changed to 11 out of 28 ex-
perimental participants and 3 out of 29 control partici-
pants. Chi square analyses revealed a greater number
of experimental participants were in line with the
guidelines after 6 months (χ2=4.8, df=1; p=0.03) and
12 months (χ2=6.4, df=1; p=0.01). Chi square re-
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Fig. 3. Change in systolic and diastolic blood pressure from
baseline after (a) 6 months and (b) 12 months according to
group. Data are means; *outliers

vealed no significant between-group differences in the
number of participants on hypotensive medication at
baseline (χ2=0.06, df=2; p=0.9), after 6 months
(χ2=0.2, df=2; p=0.9) or after 12 months (χ2=0.7,
df=2; p=0.7).

Biochemical outcomes. The changes in biochemical
variables are illustrated in Table 2. There was no sig-
nificant main effect of time (F2.63=0.2; p=0.9) or the
interaction of time and group (F2.63=2.1; p=0.1)
recorded for the changes in HbA1c, but there was a
significant effect of group (F1.63=6.6; p=0.01). Fol-
low-up Bonferroni multiple comparisons for repeated
measures showed that the mean HbA1c was signifi-
cantly different between the groups after 6 months
(95% CI: 0.49 to 1.9%) and 12 months (95% CI: 0.22
to 1.7%). There was a significant difference between
the experimental and control groups for the change in
HbA1c from baseline to 6 months (95% CI: −1.23 to 
−0.07%) but not from baseline to 12 months (95% CI:
−1.32 to 0.5%). Chi square analyses of diabetes 
therapy revealed no significant between-group differ-
ences at baseline (χ2=3.7, df=3; p=0.3), after 6 months
(χ2=3.6, df=3; p=0.03) or after 12 months (χ2=1.8,
df=3; p=0.6).

There was no significant main effect of time, group
or the interaction of time and group for the changes in
total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides or t-PA. The differences between the ex-
perimental and control groups for the change in each
variable from baseline to 6 months and baseline to 
12 months were also analysed. The only significant
difference recorded was in total cholesterol from base-
line to 12 months (95% CI: −0.73 to −0.04 mmol/l).
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Analysis of fibrinogen concentrations revealed a
significant main effect of time (F2.57=3.7; p=0.3) and
the interaction of time and group (F2.57=3.0; p=0.05),
but no significant main effect of group (F1.57=0.69;
p=0.4). Follow-up Bonferroni multiple comparisons
for repeated measures showed that after 6 months the
experimental and control groups were significantly
different (95% CI: 0.18 to 1.73 µmol/l). The differ-
ence between the experimental and control groups for
the change in fibrinogen concentrations was signifi-
cant from baseline to 6 months (95% CI: −2.04 to 
−0.15 µmol/l) but not from baseline to 12 months
(95% CI: −1.44 to 0.31 µmol/l). Chi square analyses
revealed no significant between-group differences for
the number of people with evidence of microalbumin-
uria at baseline (χ2=1.2, df=1; p=0.3), after 6 months
(χ2=2.0, df=1; p=0.2) or after 12 months (χ2=1.2,
df=1; p=0.3). Chi square analyses demonstrated no
significant difference in the number of participants in
each group on cardiovascular medication.

Discussion

Consistent changes in subjective and objective mea-
sures of physical activity have demonstrated that
physical activity counselling was more effective in
promoting and maintaining physical activity in people
with Type 2 diabetes than a standard exercise leaflet.

A key finding of this study is that increases in
physical activity from baseline to 6 months in the ex-
perimental group were generally maintained after 12
months. Although the change in accelerometer counts
from baseline to 12 months did not reach significance,
the difference between the experimental and control
groups after 12 months is significant. A limited
amount of research has evaluated the longer-term 
effects of physical activity interventions in people
with Type 2 diabetes. A large prospective study re-

ported that only 25% of people with Type 2 diabetes
were still engaged with their supervised exercise pro-
gramme 2 years later [16]. Two studies [14, 15] 
reported no significant change in physical activity 
12 months after giving people with Type 2 diabetes
written and oral instructions for exercise. The inter-
ventions used in these studies were not tailored to 
motivational or personal characteristics, and they did
not have cognitive behavioural strategies or a theoreti-
cal basis. Effective physical activity promotion over 
2 years in people with Type 2 diabetes has previously
been demonstrated using a physical activity coun-
selling intervention [21]. Similar to the intervention
used in the present study, the physical activity coun-
selling intervention was individualised, and it incorpo-
rated cognitive behavioural strategies. In contrast to
this study, the intervention was not tailored to stage of
behavioural change, it only used self-reported physi-
cal activity and it was delivered by physicians. In the
current study, any member of the diabetes team with
appropriate training could deliver the intervention.
This could be more cost-effective than a physician-
delivered intervention.

No significant between- or within-group changes
were recorded in BMI over the study period. These re-
sults contrast with those of a previous study [21] that
reported a significant favourable change in BMI in
people with Type 2 diabetes after a 2-year physical 
activity counselling intervention. A meta-analysis [1]
of studies investigating the effect of exercise on BMI
in people with Type 2 diabetes showed no significant
greater change in BMI when exercise conditions were
compared with control conditions. The majority of
studies included in this meta-analysis had follow-up
periods of between 2 and 6 months. The disparity in
results could be a consequence of the different inter-
ventions or of the different durations of follow-up.

Participants receiving physical activity counselling
experienced small favourable changes in blood pres-

Table 2. Biochemical variables at baseline, after 6 months and after 12 months according to group

Variable Group Baseline 6 months 12 months

HbA1c (%) Experimental (n=32) 8.3±1.4 8.0±1.5 8.1±1.6
Control (n=33) 8.8±1.4 9.2±1.2 9.1±1.5

Cholesterol (mmol/l) Experimental (n=31) 4.69±1.0 4.63±1.0 4.51±1.0
Control (n=33) 4.62±0.8 4.72±0.8 4.74±0.7

HDL cholesterol (mmol/l) Experimental (n=28) 1.14±0.3 1.19±0.3 1.18±0.3
Control (n=32) 1.11±0.3 1.14±0.3 1.15±0.3

LDL cholesterol (mmol/l) Experimental (n=27) 2.56±0.8 2.53±0.9 2.47±0.9
Control (n=29) 2.52±0.6 2.59±0.5 2.54±0.6

Triglycerides (mmol/l) Experimental (n=31) 1.97±1.0 2.17±1.6 2.18±1.2
Control (n=33) 2.21±1.4 2.29±1.3 2.41±1.0

Fibrinogen (mmol/l) Experimental (n=30) 17.3±4.1 17.1±3.8 17.7±4.0
Control (n=29) 17.4±3.2 18.6±4.1 18.4±3.6

t-PA (ng/ml) Experimental (n=25) 12.1±3.8 11.2±3.5 12.4±3.3
Control (n=22) 11.5±4.0 10.8±2.7 12.3±2.5

Data are means ± SD



sure despite having no significant changes in anti-
hypertensive medication. Two recent systematic re-
views [38, 39] demonstrated that there is good evi-
dence that regular, moderate physical activity reduces
blood pressure in the general population. Only a small
number of studies have investigated the effect of 
regular physical activity on blood pressure in people
with Type 2 diabetes. Lehmann et al. [11] reported
significant reductions in systolic (138±16 to 128±
15 mm Hg) and diastolic (88±10 to 77±6 mm Hg)
blood pressure after a 3-month moderate-intensity aer-
obic exercise programme in people with Type 2 diabe-
tes. These improvements are slightly higher than those
recorded in this study and could be due to the shorter
follow-up, the supervised nature of the physical activi-
ty intervention or the type of activity undertaken. In
the United Kingdom Prospective Diabetes Study
(UKPDS), tight blood pressure control reduced the de-
velopment and progression of diabetic complications,
and reduced risk of death related to diabetes [40].

Analyses of changes in HbA1c showed a significant
between-group difference after 6 and 12 months, with
the experimental group experiencing an improvement
in glycaemic control, and the control group experienc-
ing a deterioration. These changes occurred despite no
significant between-group changes in diabetes thera-
py. However, the possibility of better adherence to 
diabetes therapy cannot be overlooked. These im-
provements in HbA1c are consistent with the findings
of a meta-analysis [1], which reviewed studies investi-
gating the effect of exercise on HbA1c in people with
Type 2 diabetes and demonstrated an overall mean
difference in HbA1c of 0.66% between exercise and
control conditions. The difference in HbA1c between
the control and experimental groups in this study is
clinically significant [1] and is close to the difference
between conventional and intensive glucose-lowering
therapy in the UKPDS [2]. In the UKPDS this differ-
ence was related to a significant reduction in the de-
velopment and progression of diabetes complications.
It should be noted that in the UKPDS this difference
was maintained for a median of 10 years. Compared
with intensive glucose-lowering therapy, physical ac-
tivity is a potentially less expensive way of achieving
this difference.

The only significant difference in lipid profile
recorded in this study was a significant between-group
difference in the change in total cholesterol from base-
line to 12 months. A number of studies have reported
changes in lipid profile after exercise in people with
Type 2 diabetes [11, 8, 41, 14]. Studies demonstrating
the greatest improvements tend to use moderate to
high-intensity, structured exercise programmes [11, 8]
or incorporate interventions that combine diet and
physical activity [14, 15]. Furthermore, the majority
of studies have only short-term follow-up (up to 3
months). These differences in study design, in addi-
tion to the fact that mean baseline level of most lipids

in the present study met current target levels [37],
could explain the comparably small changes recorded.

Limited research has investigated the effect of reg-
ular physical activity on plasma fibrinogen in people
with Type 2 diabetes. Results from previous research
are inconsistent. Some studies report no significant
changes in fibrinogen [42], while others show signifi-
cant reductions [43]. In this study, a significant be-
tween-group difference in fibrinogen concentrations
was recorded after 6 months. This difference was not
maintained after 12 months. It is difficult to compare
the results of this study to previous research. None of
the previous studies in people with Type 2 diabetes in-
clude a true control group, and in the present study the
significant difference recorded after 6 months is large-
ly the result of an increase in fibrinogen in the control
group.

Previous research investigating the effect of physi-
cal activity on t-PA has produced inconsistent results.
Significant decreases in t-PA concentrations have
been reported after 8 weeks of moderate-intensity ex-
ercise in people with Type 2 diabetes [44]. In contrast,
a study investigating the short- and long-term effects
of diet and energy-restrictive diet with and without 
exercise on t-PA in healthy, overweight, post-meno-
pausal women [45] reported no additional benefit of
physical activity. In the present study, no significant
changes were recorded at any time point. Differences
in exercise protocols, training status, subject health
and the methods used for assessment of t-PA are prob-
ably responsible for the inconsistency in results.

Albuminuria excretion rate increases during and
immediately after acute exercise, and this is associated
with the rise in systolic blood pressure during physical
activity and exercise [46]. There is currently no evi-
dence suggesting that this acute effect of physical 
activity leads to renal impairment in the long term. In
people with Type 2 diabetes, the presence of microal-
buminuria is associated with increased cardiovascular
disease and increased all-cause mortality [47]. In an
observation study [48], higher levels of physical activ-
ity were associated with a higher prevalence of nor-
moalbuminuria. In the present study there was no sig-
nificant difference in the number of participants with
evidence of microalbuminuria (defined as an albumin
excretion rate of 20–300 mg/24 h) at baseline, after 
6 months or after 12 months.

In summary, exercise consultation was effective 
for promoting and maintaining physical activity. Par-
ticipants receiving physical activity counselling expe-
rienced improvements in glycaemic control. These
improvements are clinically significant and will sub-
stantially reduce the development and progression of
diabetic complications if maintained long term. Ex-
perimental participants also recorded improvements in
several cardiovascular risk factors including blood
pressure, total cholesterol and fibrinogen concentra-
tions. These improvements are of particular impor-
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tance in a population of people with Type 2 diabetes
in which cardiovascular disease is the leading cause of
death [49].

This study provides the evidence base for the addi-
tion of a realistic and effective physical activity inter-
vention, which could be incorporated into current dia-
betes care with minimal expense. Any member of the
diabetes team could be trained to conduct this inter-
vention. We believe this study provides the support
evidence that such an intervention should become part
of standard diabetes care. This study suggests that
without such an intervention, people with Type 2 dia-
betes reduce their physical activity and experience a
deterioration in health. 
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