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OBJECTIVE — To determine whether Pro-Active Call Center Treatment Support (PACCTS),
using trained nonmedical telephonists supported by specially designed software and a diabetes
nurse, can effectively improve glycemic control in type 2 diabetes.

RESEARCH DESIGN AND METHODS — A randomized controlled implementation
trial of 1-year duration was conducted in Salford, U.K. The trial comprised 591 randomly
selected individuals with type 2 diabetes. By random allocation, 197 individuals were assigned
to the usual care (control) group and 394 to the PACCTS (intervention) group. Lifestyle advice
and drug treatment in both groups followed local guidelines. PACCTS patients were telephoned
according to a protocol with the frequency of calls proportional to the last HbA1c level. The
primary outcome was absolute reduction in HbA1c, and the secondary outcome was the pro-
portion of patients reducing HbA1c by at least 1%.

RESULTS — A total of 332 patients (84%) in the PACCTS group and 176 patients (89%) in
the control group completed the study. Final HbA1c values were available in 374 patients (95%)
in the PACCTS group and 180 patients (92%) in the usual care group. Compared with usual care,
HbA1c improved by 0.31% (95% CI 0.11–0.52, P � 0.003) overall in the PACCTS patients. For
patients with baseline HbA1c �7%, the improvement increased to 0.49% (0.21–0.77, P �
0.001), whereas in patients with baseline HbA1c �7% there was no change. The difference in the
proportions of patients achieving a �1% reduction in HbA1c significantly favored the PACCTS
intervention: 10% (4–16, P � 0.001) overall and 15% (7–24, P � 0.001) for patients with
baseline HbA1c �7%.

CONCLUSIONS — In an urban Caucasian trial population with blood glucose HbA1c �7%,
PACCTS facilitated significant improvement in glycemic control. Further research should extend
the validity of findings to rural communities and other ethnic groups, as well as to smoking and
lipid and blood pressure control.
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A worldwide epidemic of type 2 dia-
betes is threatening to overwhelm
the capacity of health care service

providers. There is good evidence that
tight blood glucose, blood pressure, and
lipid control can markedly reduce the ad-
verse impact of type 2 diabetes and de-
liver substantial health benefits (1– 4).
Reviews of implementation strategies to
achieve these treatment targets indicate
that a multifaceted approach is most suc-
cessful (5). Although a stepped-care pro-
gram based on guidelines, education of
primary care professionals, and support
from secondary and intermediate care
specialists has achieved appreciable im-
provements in blood pressure and lipid
control in the Salford area, it has failed,
thus far, to improve blood glucose control
(6).

Chronic disease management pro-
grams seem to be most successful when
they support treatment adherence and
self-efficacy (7–10). Attaining type 2 dia-
betes treatment targets requires apprecia-
ble pharmacologic intervention (1,3,4).
However, good blood glucose control
may be particularly difficult because of
the stringent complementary lifestyle de-
mands and the progressive increase in the
need for hypoglycemic therapy. Diabetes
educator–led, Pro-Active Call Center
Treatment Support (PACCTS) for diabe-
tes care is well established as a health care
delivery vehicle in the U.S. It seems to
offer service delivery characteristics that
might enhance effectiveness, such as con-
tinuity, convenience, and risk-stratified
intervention. However, it has not been
subject to rigorous or large-scale clinical
trial assessment of its effectiveness or effi-
ciency (11).

Therefore, we decided to examine the
clinical effectiveness, acceptability, and
cost-effectiveness of PACCTS in a pub-
licly funded primary health care setting.
The aim was to provide a convenient,
risk-stratified intervention to improve
glucose control by promoting lifestyle
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management, treatment adherence, and
self-efficacy. The study was a randomized
control trial within an unselected sample
of the Salford population of individuals
with type 2 diabetes. Considering the
shortage of trained personnel in the U.K.,
we modified the U.S approach by design-
ing the program to be delivered predom-
inant ly by prev ious ly untra ined
“telecarers” backed up by a diabetes spe-
cialist nurse when treatment changes or
problem solving were necessary. A com-
prehensive qualitative study, assessing
the acceptability of the PACCTS interven-
tion, and an economic analysis of trial
findings were conducted and will be re-
ported separately.

RESEARCH DESIGN AND
METHODS — The usual care (con-
trol) group continued with conventional
treatment based on local guidelines,
which had been in place for �10 years,
supported by a continuing education pro-
gram among all primary care practices.
The guidelines advocate a standard
stepped-care protocol for management of
type 2 diabetes, including a comprehen-
sive annual review. In addition to usual
care, the PACCTS group received call cen-
ter support (see below).

The target mean difference between
the intervention and control groups was
specified as 1% HbA1c. The within-group
HbA1c SD was estimated as 2% from the
Salford District Diabetes Information Sys-
tem. For a significance level of 5% (two
sided) and a desired power of 90%, a total
sample size of 190 was required. A sec-
ondary end point was specified as the pro-

portion of patients with a reduction in
HbA1c of �1%. Assuming proportions of
10 and 20% in the control and interven-
tion groups, respectively, implies a total
sample size of 608 (significance level 5%,
power 90%). To power the study for both
targets and for reasons of clinical validity
(the PACCTS group would be large
enough to simulate a real treatment deliv-
ery program), it was agreed to randomize
intervention to control in a ratio of 2:1.
The target, therefore, was to recruit 600
randomly selected individuals with type 2
diabetes from participating practices. Re-
cruitment was carried out by the call cen-
ter staff (diabetes specialist nurse and
telecarers) between October 2001 and
February 2002. In all recruits, baseline
HbA1c was measured when consent for
participation was given. Postrecruitment
block randomization, stratified by base-
line HbA1c (�7, 7–9 or �9%), was per-
formed by the statisticians (S.H. and T.F.)
using SAS software (block length 9, 6 in-
tervention to 3 control; SAS Institute,
Cary, NC). Those allocated to the inter-
vention group received their first call be-
tween April and June 2002 and their final
call during April and June 2003. Both
usual care and PACCTS patients provided
final HbA1c values during April through
June 2003.

Recruitment
Salford is an inner-city location within
Greater Manchester, U.K. The population
is 95% white European. More than 80%
of the population is in the lowest two so-
cioeconomic categories. All 67 Salford
general practices were invited to partici-

pate; among 23 group practices, 22
agreed and 1 declined. Of the 44 single-
handed practices, 25 participated, 2 de-
clined, and 15 did not respond. Patients
were excluded because of diagnosis of di-
abetes �1 year previously, inability to use
the phone, or terminal illness. In conse-
quence, 2,894 patients (80% of the total
registered population of people with type
2 diabetes) were available for recruitment.
Random selections of these people were
informed about the study by letter; from
1,970 letters, there were 1,047 responses,
689 of which indicated agreement to at-
tend a formal group recruitment session.
A total of 599 respondents actually at-
tended, 596 of whom agreed to take part
in the study. Because five respondents
died before receiving the first call, 591
individuals actually entered the study. Pa-
tients enrolled were representative of the
diagnosed diabetes population in Salford
with respect to age, sex, duration of diag-
nosed diabetes, socioeconomic status,
and type of treatment. By random alloca-
tion, 197 patients were assigned to the
usual care group and 394 patients were
assigned to the PACCTS group. The base-
line characteristics were similar for the
two groups and are shown in Table 1. A
total of 7.6% of control subjects and 7.5%
of the PACCTS patients were lost due to
death, serious illness, or moving away. An
additional 8.2% of intervention patients
left the study because they could not cope
with the calls (2.3%), were unhappy with
the advice (1%), changed their mind
(0.8%), were traveling (0.8%), were too
busy (0.8%), were bereaved (0.8%), or
had other reasons (0.8%)

Call center technology
A research call center incorporating Cisco
Systems intranet protocol equipment
(Cisco Systems, San Jose, CA) was estab-
lished within the local research facility. A
type 2 diabetes script application based
on J2EE (Java; Sun Microsystems, Santa
Clara, CA) was written in partnership be-
tween the Diabetes Project Team and Brit-
ish Telecom. The application supported
patient education (lifestyle and medica-
tion adherence), metabolic management,
and referrals between telecarers and the
diabetes specialist nurse. The personnel
comprised two part-time telecarers (1.4
whole time equivalents) and one diabetes
specialist nurse (0.4 whole time equiva-
lent nursing, 0.6 whole time equivalent
project management). The staff had ac-

Table 1—Patient baseline characteristics

Missing (test/control) PACCTS Usual care

n 394 197
Age (years) 0/0 67 (29–91) 67 (22–88)
Sex (male) 0/0 227 (58) 114 (58)
BMI (kg/m2) 94/48 30.2 (18.3–57.5) 30.3 (22.4–57.7)
Duration of diabetes (years) 13/3 6 (1–39) 6 (1–35)
Carstairs Deprivation 4 & 5* 0/0 335 (85) 167 (85)
Baseline treatment

Lifestyle 0/0 95 (24) 45 (23)
One OHA† 0/0 115 (29) 58 (30)
Two OHAs 0/0 92 (23) 58 (30)
Insulin with or without OHA 0/0 92 (23) 35 (18)

HbA1c (%) 0/0 7.9 (5.2–15.1) 8.0 (4.8–14.9)

Data are means (range) or n (%). *Carstairs V: Deprivation indices: their interpretation and use in relation to
health. J Epidemiol Community Health 49 (Suppl 2):S3–S8, 1995. †OHAs: metformin, sulphonylurea, or
thiazolidinedione.
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cess to the local electronic diabetes
record, which contains test results, clini-
cal observations, notes of routine con-
tac t s , med ica t ions , and c l in i ca l
correspondence.

Call center staff
We sought to recruit call center operatives
(telecarers) who had a calm, reassuring,
and professional telephone manner, had
an excellent speaking voice, could follow
health care protocols, and could work
partially unsupervised. Essential require-
ments were previous experience of work-
ing with the general public, keyboard and
data input skills, and flexibility in work-
ing patterns (to allow for early and late
calls).

The telecarers were managed by a di-
abetes specialist nurse, who supervised a
3-month training program that com-
prised the following: principles of manag-
ing type 2 diabetes; impact of living with
chronic disease; communication skills,
especially focused listening; building a
telephone relationship; change manage-
ment and motivational interviewing; use
of the PACCTS application; and data col-
lection and basic database methodology.

PACCTS intervention
The core interventions were the out-
bound interval calls by the telecarers.
These calls were performed once every 3
months if HbA1c was �7%, every 7 weeks
if HbA1c was in the range 7.1–9%, and
monthly if HbA1c was �9%. After regis-
tration, the call center application se-
lected the week during which the patient
should be called and the patient was of-
fered the opportunity to book the day and
the time at which they would receive the
call. Each call lasted 20 min. The applica-
tion enabled the telecarers to resume in-
complete interval calls and to schedule
follow-up calls tailored to address specific
needs. Most calls were scheduled out-
bound, but the application also enabled
unscheduled inbound calls to be pro-
cessed and recorded systematically. The
telecarers operated according to the mis-
sion statement “the intention of the call is
to support and guide the patient as an
individual toward achieving the best pos-
sible management of their diabetes.” They
followed the script within the call center
application but were trained to customize
the pace and detail of the call to the social
context of the individual patient. They
were also trained to identify health beliefs

and to use motivational interviewing
techniques when lifestyle barriers were
jeopardizing agreed treatment plans.

The call center application covered four
main domains. First, there were questions
that explored gaps in knowledge about di-
abetes and provided educational advice
about lifestyle improvements, including
weight management, healthy eating, physi-
cal activity, stress management, and smok-
ing. The second domain was “readiness to
change;” this area helped the telecarer and
patient identify whether the patient was
motivated to make a change, to keep com-
munication open until they (ideally)
reached that point, and to support and en-
courage ongoing change. The third domain
was medication adherence; the telecarers
reviewed whether patients were taking their
medications, taking them at the correct
time, and, if applicable, whether their injec-
tion technique was appropriate. The fourth
domain was blood glucose control: patients
were questioned about recent urine glu-
cose, blood glucose, or HbA1c results. Ad-
ditionally, they were advised about how to
carry out self-testing and were reminded,
if necessary, to have laboratory testing
performed.

Results that were above target became
the subject of review, and if lifestyle or
medication adherence seemed to be the
explanation for an above-target result, ed-
ucation and motivation in the relevant ar-
eas were consolidated. If supplementary
lifestyle counseling or medication adjust-
ments seemed to be required, the tele-
carer booked a call with the diabetes
specialist nurse. The recommended algo-
rithmic (stepped-care) treatment adjust-
ments embedded within the application
were designed using the long-established
local guidelines for the management of
people with type 2 diabetes. These local
guidelines were modeled on the English
National Guidelines for managing glucose
control in type 2 diabetes (available at
www.NICE.org.uk) and were not influ-
enced by any other outside agencies. The
same guidelines were used by all the pri-
mary care teams treating the patients in
the control group. Therefore, PACCTS
was not introducing new guidelines but
simply endeavoring to implement the ex-
isting clinical policies more effectively.
The diabetes specialist nurse received re-
ferrals (booked telephone consultations)
from the telecarers. She/he answered ur-
gent queries about hypoglycemia or inter-
current illness and queries about aspects

of diabetes (e.g., complications) out with
the scope of the telecarers, negotiated ad-
justments in treatment (implemented
through patient group directives), and/or
made recommendations to primary care
providers about supplementary treat-
ment. These recommendations were re-
corded on the PACCTS application
communicated by phone and confirmed
by mail.

The primary biomedical outcome
variable was HbA1c. Study blood samples
were taken at recruitment and after 12
months of the call center intervention.

Analysis
Statistical analysis was carried out on an
intention-to-treat basis. All patients with
baseline HbA1c were considered for the
analysis, and the last observation carried
forward was used when values at 1 year
were missing. For the continuous primary
outcome HbA1c, key tests with Satter-
thwaite approximation allowing for un-
equal variances were used to test
hypotheses of equal means for all strata:
95% CIs are given for the differences be-
tween the PACCTS and control groups.
For the binary secondary outcome, the
percentage of responders for the PACCTS
and control groups for all three strata
were computed. Proportions were com-
pared using the �2 test. Approximate 95%
CIs are given for the differences of the
proportions for the intervention group. A
pooled estimate for the treatment effect
was calculated for both continuous and
binary outcomes as the weighted mean of
the stratum treatment effects weighted by
stratum size: 95% CIs and P values based
on normal approximations are given. For
medication changes, a Wilcoxon’s rank-
sum test was performed to compare the
intervention control group. When the
medication was higher (lower) by at least
one step, the change was classified as “up
(down).” For each group, the Wilcoxon’s
signed-rank test was computed to deter-
mine whether patients moved to higher or
lower medication. Two-sided tests were
used in all cases, and only P values �5%
were considered significant. No adjust-
ments for multiple testing were per-
formed. Analyses were performed using
SAS version 8.2 (SAS Institute, Cary, NC).

The following subcategories were de-
fined prospectively: initial glycemic con-
trol: HbA1c �7% (good), HbA1c 7.1–9%
(moderate), and HbA1c �9% (poor);
medication: none (lifestyle management

Improved glucose control with PACCTS
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only); lifestyle and one oral hypoglycemic
agent (OHA); lifestyle and two or more
OHAs; lifestyle and insulin with or with-
out oral hypoglycemic drugs.

RESULTS — During the 12 months of
the trial, there were �4,000 telephone
consultations (90% outbound, 10% in-
bound). Withdrawal from the study oc-
curred in 10.7% of usual care subjects
and 15.7% of PACCTS patients. Approx-
imately one-third of the intervention
group dropouts were linked to the PAC-
CTS intervention (see above). Patients
withdrawing from the study were not dif-
ferent in age, sex, or socioeconomic status
from those who continued.

Overall, medication increased in the
control group. There was no change in
91% and a step up in 9% of patients (six
patients increased medication by one
OHA, one increased by two OHAs, and
eight started insulin therapy; P � 0.001).
In the PACCTS group, medication de-
creased in 3%, did not change in 75%,
and stepped up in 22% of patients (11
patients stopped or reduced OHAs, 57 in-
creased by one OHA, six increased by two
OHAs, and 24 started insulin therapy;
P � 0.001). Medication increased more in
the PACCTS group than the usual care
group (P � 0.002).

Mean differences in HbA1c were ana-
lyzed on an intention-to-treat basis over-
all and by baseline HbA1c strata (Table 2).
Overall, HbA1c improved by 0.3% in the
PACCTS group when compared with the
usual care group (P � 0.003). For pa-
tients with baseline HbA1c �7% (moder-
ate or poor control at baseline), the
improvement increased to 0.49% (P �
0.001), whereas in patients with baseline
HbA1c �7%, there was no change. Defin-
ing response as an absolute improvement
in HbA1c of 1% (Table 3), significantly
more patients responded overall (10%,

P � 0.001) and more patients with base-
line HbA1c �7% (15%, P � 0.001).

Further investigation of these results
showed that there was no age, sex, or
practice (group versus single-handed) ef-
fect. Results of the acceptability and cost-
effectiveness studies are the subjects of
companion articles.

CONCLUSIONS — In this random-
ized controlled trial, PACCTS for patients
with type 2 diabetes did not achieve the
prespecified target mean HbA1c reduction
of 1%. However, over 1 year, it did
achieve an average reduction of 0.49%
HbA1c in patients who were moderately
or poorly controlled at baseline (HbA1c
�7%), a clinically worthwhile effect. The
effect of PACCTS was achieved with only
a modest influence on net prescribing,
and companion articles show that the
PACCTS approach was very popular with
patients and borderline cost-effective
(12). The three reports together build on
previous research, provide an informa-
tion-rich health technology assessment,
and explore long-term implications, con-
sistent with Medical Research Council
guidance on evaluating complex inter-
ventions (13).

The largest, longest, and most influ-
ential study of glucose control in type 2
diabetes, U.K. Prospective Diabetes Study
(UKPDS) (1) illustrated the effort re-

quired to obtain and maintain improved
glucose control. Our study suggest that,
with PACCTS, it is possible to obtain an
improvement about half as large as that
achieved in UKPDS among people whose
glucose control is above target. Further-
more, because there was little difference
in prescribed medication, this improve-
ment seems to be substantially due to life-
style changes and treatment adherence.
There is emerging evidence that tele-
phone-based diabetes education may be
effective (14–18). In previous studies, the
telephone education has usually been de-
livered by nurses and dietitians, whereas
PACCTS used trained call operatives
(telecarers) supported by a specifically
designed call center application, with a
specialist nurse being deployed only for
training, supervision, and alteration of
medication. In one study in which auto-
mated calls were combined with nurse
follow-up self-efficacy, depression and
satisfaction were improved (19).

The demand for chronic disease man-
agement support is burgeoning, and de-
mographic forces imply that this trend
will continue into the foreseeable future.
The demand for ongoing, convenient ed-
ucation and supported self-efficacy, the
cornerstones of effective chronic disease
management, is likely to be met only by
novel systems of health care delivery that
can be shown to be effective, affordable,

Table 2—Mean difference in HbA1c

Baseline HbA1c (%)

Percent of patients HbA1c change from baseline

Usual care PACCTS
Usual
care PACCTS Difference 95% CI P

�7 29.4 29.9 0.2 � 0.6 0.2 � 0.8 0.04 (�0.17 to 0.25) 0.74
7–9 51.7 52.2 0.0 � 1.3 �0.5 � 0.9 �0.49 (�0.21 to �0.77) �0.001
�9 18.8 17.8 1.5 � 2.0 �1.9 � 1.6 �0.37 (�1.13 to 0.11) 0.33
All �0.31 (�0.11 to 0.52) 0.003

Data are means � SD unless otherwise indicated.

Table 3—Proportion of patients achieving at least 1% absolute reduction in HbA1c

Baseline HbA1c (%) n

Percent with �1% reduction in HbA1c

Usual
care PACCTS Difference (95% CI) P

�7 176 2 1 �1 (�5 to 3) 0.61
7–9 308 16 29 13 (4–22) 0.01
�9 107 51 73 22 (2–41) 0.03
All 591 10 (4–16) �0.001
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and acceptable. The evidence from this
study suggests that, among the popula-
tion studied, PACCTS lead by trained
telecarers and supported by diabetes
nurses may be such a system. However,
further evidence will be needed from
studies in populations with different
characteristics (e.g., rural communities
and ethnic minorities) over a longer pe-
riod of time and encompassing other as-
pects of diabetes care (e.g., smoking, lipids,
and blood pressure) to determine whether
PACCTS provides a transferable, sustain-
able, and cost-effective intervention.
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