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Abstract

Background:
The objective of this study was to evaluate computerized learning technology interventions that can empower
patients in the self-management of diabetes and support diabetes education over a distance.

Methods:

We searched Medline (1966-2006), CINAHL (1982-2006), and the Cochrane Central Register of Controlled Trials
(first quarter 2007) databases. We also reviewed reference lists from included studies to identify additional
studies. We included 25 articles representing 21 randomized controlled trials that evaluated a computerized
learning technology and measured the outcome of patient care. We extracted patient sample, intervention,
educational content topics, outcome measures, and statistical significance.

Results:
Of 21 eligible trials, 18 trials (85.7%) reported significant positive outcomes. Almost 44% (43.8%) of the outcomes
demonstrated significant improvements (49 of 112 outcomes).

Conclusions:
Patient self-management behaviors are important in chronic disease management, and initial evidence suggests
that computerized learning technology interventions can play a significant role in the future.
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Introduction

Diabetes self-management education is important
in promoting health practices and in reducing risks of
complications. The Behavioral Risk Factor Surveillance
System survey conducted in 2001 and 2002 of 22,682
persons with type 2 diabetes found that only 52% had
attended a diabetes self-management education program.!
Approximately one-third of Americans born in 2000 will
develop diabetes in their lifetime.?

Studies have documented the poor health status of patients
with chronic diseases when they are not adequately
informed and involved in the management of their care.
Patients without diabetes education are four times more
likely to develop complications.* A study focusing on
diabetic eye examinations discovered that more than half
of the subjects did not know that eye complications may
be asymptomatic and that there are ways to lower the
risk of eye problems, one-fifth did not know what type
of health provider should perform an eye examination,
and 17% did not know that annual eye examinations were
recommended.! Patient education plays an important role for
continued good health® and management of diabetes,® but
inadequate resources and time frequently limit the amount
of education that can be provided in a face-to-face setting by
qualified educators for a chronic disease such as diabetes.

Quality health care requires effective collaboration
between patients and clinicians.”® Diabetes education is
the cornerstone of effective diabetes care.” Computerized
knowledge management and education can enhance
diabetes education and become an important component
of quality diabetes care.'”'? Technology can assist with the
provision of tailored and personalized education, feedback,
and goal setting, thereby facilitating patient-centered care.

The objective of this study was to evaluate computerized
learning technology interventions that can empower
patients in the self-management of diabetes and support
diabetes education over a distance. We systematically
reviewed randomized controlled trials to evaluate the
impact of computerized learning technology for persons
with diabetes on health outcomes.

Methods

Data Sources

We searched Medline (1966-2006), CINAHL (1982-2006),
and the Cochrane Central Register of Controlled Trials
(first quarter 2007) for eligible trials using combinations
of the following search terms: (1) diabetes mellitus

[Medical Subject Headings (MeSH)], type 1 diabetes
mellitus (MeSH), or type 2 diabetes mellitus (MeSH);
(2) computer-assisted instruction (MeSH) or computer
(truncated text word); and (3) randomized controlled trial
(publication type). We also systematically searched the
reference lists of included studies and relevant reviews.

Inclusion and Exclusion Criteria

Our inclusion criteria were any randomized controlled
trial evaluating a computerized diabetes learning
technology with assessment measured on patient
outcomes. We excluded studies that were not randomized,
had no control group, were planned studies, or were not
in English.

Study Selection and Data Extraction

Two of the investigators (SAB and TLG) independently
reviewed the titles and abstracts of the identified citations
and applied a screening algorithm based on the inclusion
and exclusion criteria described earlier. The investigators
collected data from each relevant article, including patient
sample, intervention, educational content topics, outcome
measures, and statistical significance. The education
content from all studies was organized and an education
content list was developed. Each intervention included
multiple topics. The investigators analyzed the articles
to assess which interventions led to significant or
nonsignificant results. For the purposes of this study, a
trial was successful only if there was a significant outcome
benefit (p <0.05) for the intervention (computer-aided)
group compared with the control group at follow-up.
The investigators grouped the outcomes according to the
diabetes self-management education core outcome measures
continuum: learning, behavior change, clinical improvement,
and improved health status.”” Satisfaction outcomes were
also grouped.

Results

Comprehensive literature searches identified 89
articles (Figure 1). The titles and abstracts of these
articles were read and 33 articles were determined to
be potentially relevant. After reading the full articles,
8 additional articles were excluded because there was
not a computerized diabetes self-management education
intervention or patient outcomes were not measured.
Twenty-five articles representing 21 trials met the
eligibility criteria (Table 1).!-%

J Diabetes Sci Technol Vol 2, Issue 1, January 2008

www.journalofdst.org



8002 AfenuEr ‘| enss| ‘g [OA [0UYDBL 195 sejeqelq

—a
IS
=

Table 1.
Patient and Intervention Characteristics

Oibees | Sample | Sarple| Age | ™ | Sudy | ernen | oo euency | lonth | Elbeaton,
males) (months)
Barrera et al. (2002)* 2 Adults 160 59 47 RCT CF Varied 3 Internet
Bloomfield et al. (1990)" 1 |Children | 48 9 55 RCT CAl 10 sessions, 3.5 hours each | 24 e%“ecriif”
Brown et al. (1997)® 1 Children 59 NA NA RCT GS 34 hours total 6 Home
Estabrooks et al. (2005)"” 2 Adults 422 62 48 RCT CF 30-45 minutes 6 Outpatient clinic
Gerber et al. (2005)" 1and2 | Adults | 244 55 34 RCT CF ; 0_2109;33?::’6 ach 12 | Outpatient clinic
Glasgow et al. (1996,1997)'9:20 2 Adults 203 63 48 RCT CF 1 session 12 Outpatient clinic
Glasgow et al. (2004,2005)?'2 2 Adults 886 63 47 RCT CF 2 sessions, 30 minutes each 6 Outpatient clinic
g:zzggx :?:/.T(Zggg;;‘(zoosw 2 Adults | 320 | 60 43 RCT CAl NR 6 Home
Graue et al. (2005)%° 1 Children 101 14 53 RCT CF 3 sessions, 3 hours each 15 Qutpatient clinic
Levetan et al. (2002)® 2 Adults 128 59 33 RCT CF 10 minutes or less per month 6 Home
Lo et al. (1996)% 1and?2 | Adults 36 57 36 RCT CAI 4 sessions, 1 hour each 3 NR
McKay et al. (2001)?8 2 Adults 78 52 47 RCT CF Varied 2 Internet
McMahon et al. (2005)?° 2 Adults 104 63 99 RCT CAl 2.3 hours average 12 Home
Nebel et al. (2004)%° 1and2 | Adults 120 NA 27 RCT GS Varied Varied NR
Sheldon (1996)* 1 Adults 13 NA NA RCT CF NR 3 NR
Smith and Weinert (2000)32 2 Adults 30 47 0 RCT CF NR 10 Home
Tatti and Lehmann (2003)2 1 Children | 24 30 50 RCT GS 1 'efsos'r°g‘v'3:;|‘("’seek 15 NR
Turnin et al. (1992)% 1and2 | Adults | 105 45 54 RCT CAl 6 S?gsrmitgzrer;‘gﬁth' 12 Home
Wheeler et al. (1983,1985)35:3¢ 2 Adults 32 53 32 RCT CAl 2 sessions, 30 minutes each 1 NR
Wise et al. (1986)% 1and2 | Adults 174 50 NA RCT CAl NR 5 Outpatient clinic
Yeh et al. (2006)% 2 Adults 274 63 51 RCT CAl Varied 8 Internet

NR, not reported.

aRCT, randomized controlled trial.
b CAl, computerized touch-screen assessment and instruction; CF, computerized assessment with individualized counseling or feedback; GS, games or simulation;
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The total number of patients in the trials was 3561
(3329 adults and 232 children). Adults were subjects in
17 trials and children were subjects in 4 trials. Five trials
focused on type 1 diabetes, 11 trials focused on type 2
diabetes, and 5 trials involved both type 1 and type 2
diabetes. The average trial duration was 7.7 months
(range 1 to 24 months). The length varied in 1 trial.*
The dose frequency of the intervention was not reported
in 4 trials?®?*3132% and 4 other trials simply reported that
the dose frequency varied.#?*%3 The number of sessions
ranged from 1% to 19" and the duration of the sessions
ranged from 10 minutes'® to 3.5 hours."” All trials except

one provided a form of usual care to the control group.

The one exception provided an attention control condition
with an entertainment video game.'

Three computerized approaches were observed in these
trials: computerized touch-screen assessment and
instruction, 52242729343 computerized assessment with
individualized counseling or feedback,*!7222526283132 and
games or simulation.'®®% Computerized touch-screen

89 articles were indentified and screened based
on searches conducted in Medline, CINAHL, and
Cochrane Central Register of Controlled Trials.

56 articles excluded based on title and an abstract:

(a) No computerized diabetes self-management
intervention (n=39)

(b) Patient outcomes were not measured (n=8)

(c) Not in English (n=3)

(d) Not a randomized controlled trial (n=6)

¥

33 potentially relevant
articles reviewed in full text

8 articles excluded based on full text:

(a) No computerized diabetes self-management
intervention (n=5),

(b) Patient outcomes were not measured (n=3)

h

25 articles representing 21 trials were included in the

systematic review in 3 categories:

(1) Computerized touch-screen assessment and instruction
(n=10)

(2) Computerized assessment with individualized counseling or
feedback (n=12)

(3) Games or simulation (n=3)

assessment and instruction includes any trial that
utilized a computer in its instruction, but did not give
personalized counseling or feedback. Trials grouped
into the computerized assessment with individualized
counseling or feedback, however, are defined by the
feedback available. Some of the trials used group visits,*
telephone follow-up,* online tailored “personal coaches,”
and computerized feedback and education.?”?-3234-3¢
Trials included in the games or simulation category
represent an educational video game with role playing,
a simulation for hypoglycemia problem solving,* and an
interactive educational diabetes simulator that could be
downloaded from the Internet.®® There were 24 diabetes
education topics included in the trials (Table 2).

Using the definition for success described in the Methods
section—significant benefits for the intervention group
compared with the control group at follow-up—18 of 21
trials (85.7%) were successful. Three of the trials were
not successful because they failed to show significant
beneficial differences between the intervention and
the control groups on any outcome measure.””?32 All 3

Table 2.

Diabetes Education Content

Knowledge and prevention

1. Understanding diabetes'®2737:%8

2. Self-care and monitoring®-38

3. Prevention and management of complications's-8.27.37.38
4. Emergencies®®

5. Foot and skin hygiene!®26.37.38

6. Oral hygiene'®

7. Regular eye examination'®26

8. Smoking cessation?"?

Glucose level

9. Blood glucose monitoring and recording?6-18:25-27.29.33,37.38
10. Urine testing®"%"

11. Insulin adjustment and administration?®1827.33.37.38

12. Medication'®26:37.38

Diet and activity

13. Diet and nutrition5-24.26.27.31,34-38
14. Food purchasing and meal planning?®”34-3¢
15. Exercise and physical activityw,ws,zw,22,26-25,31,33,34,38

Management and coping

16. Alcohol?

17 Goal Setting17,19—26,28,35,36,38
18. Problem solving'®:20.28
19. Self-motivation?®

20. Social support?:22

21. Stress management'®
22. Social activities™

283. Coping®

24. Traveling?"33

Figure 1. Trial flow diagram.
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of these trials used a computerized assessment with
individualized counseling or feedback intervention.

One hundred twelve outcomes were measured in the
21 trials. This was an average of 5.3 outcomes per trial.
Almost 44% (43.8%) of the outcomes demonstrated
significant improvements (49 of 112 outcomes).

Approximately one-half of the outcomes in studies of
persons with type 2 diabetes (49.1%, 27 of 55 outcomes)
or studies with a combination of persons with type 1 or
type 2 diabetes (50.0%, 10 of 20 outcomes) demonstrated
significant improvement. In contrast, only 32.4% (12 of 37)
outcomes demonstrated significant improvement in the
studies of persons with type 1 diabetes.

Among the computerized touch-screen assessment and
instruction trials, 57.8% of outcomes (26 of 45) improved
significantly. Fifty percent of the outcomes (5 of 10) for
the games or simulation trials improved significantly.
In contrast, only 31.6% (18 of 57) of outcomes of the
computerized assessment with individualized counseling
or feedback trials improved significantly.

Of the types of outcome measures, 10 outcomes measured
learning (60.0% were improved significantly),!>1618273035-57
28 outcomes measured behavior change (53.6% were
improved significantly),!0-2%28313234-36 46 outcomes
measured clinical improvement (41.3% were improved
significantly),®?31-38 and 25 outcomes measured health
status (28.0% were improved significantly).4-161821-2532
In addition, 3 outcomes measured satisfaction (66.7% were
improved significantly).%20232425

Learning

The 10 learning outcomes were measured in eight
different trials'>161%373034-%7 in various manners. Some
were broad and categorized their outcomes under
knowledge'®?% or learning results.*® However, others
were more specific in stating that factual diabetic
knowledge,” problem-solving diabetic knowledge,"
exchange lists knowledge,**** recognition of foods
containing concentrated carbohydrates,®* dietetic
knowledge,* and child diabetes knowledge test score'®
were assessed.

Behavior Change

Ten trials measured 28 outcomes,'0-24313234-36 of which 15
yielded significant improvements (53.6%). Seventeen of
the outcomes were a measure of eating.!”1920232434-36 Tyelve
of these outcomes were significant.!%2232434-3¢ Although
many of these measured dietary activity using a self-

assessment tool such as a food habits questionnaire,'?
a 4-day food record,'”® and one that measured “overall
dietary behavior,”"?° others drilled down to more
specific measures. Three trials studies yielded significant
improvements in these specific dietary measures, which
included the Kristal fat and fiber behavior (FFB) fat
composite,??* Kristal FFB fruit and vegetable scale,>*
percent fat in diet,® caloric excess,® subjects with a
carbohydrate deficit in diet,* subjects with excess fat
in diet,* and fat intake.?*% Other measures that did
not yield significant change included food portioning
skills,?? calorie consumption compliance,®* and the
Block fat screener.?*

Other behavioral outcomes that produced significant
results include diabetes self-care rating scales,'
communication with parents about diabetes,'® and patient-
centered activities completed (goal setting, eating, testing
blood glucose).??> One trial measured moderate and
vigorous activity, but did not have significant results."”
Additionally, three trials measured self-efficacy in some
fashion, but none yielded significant results.!*®?2 Other
outcomes measured that failed to show significant
improvements included depression*?**' and coping as
measured by the personal resource questionnaire.*

Clinical Improvement

Forty-six outcomes were measured in 17 trials,'51618-27293138
with 19 outcomes showing significant improvement
(41.3 %). Hemoglobin Alc was measured in 13 of the
trials,!2161823-2729313437 yielding significant improvements
in only 3% (Table 3). Of the remaining trials, 5 did not
demonstrate a significant difference,'*'#23-25313* 3 provided
within-group significance but no analysis for between
groups,”*¥* and the significance level was not calculated
for 2 trials.®*¥

Blood pressure was measured in three trials'®?%%
using five measures, but only one revealed significant
change.® Body mass index and/or weight was measured
in seven trials,'8-202324265134-3¢ Hyut with improvement
in only one measure.’* Cholesterol was measured
in five trials,'9?202324293138 wwith five of the six outcomes
(83.3%) showing significant improvements.!20.232429,31,38
Hypoglycemic events were measured in two trials, with
both revealing significant change.'>** Other clinical
outcomes that were measured and successfully revealed
significant improvement included overall physiologic
outcomes,*? laboratory procedures completed (blood
pressure, dilated eye examination, foot examination,
microalbumin),?"? glycosylated hemoglobin levels,?
triglycerides,® hip/waist circumference,® and fasting
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Table 3.
Hemoglobin Alc (HbAlc) Measurement

HbA1C% Change in
: HbA1c% R
Source Notes Intervention vs | : Significance
ntervention vs
control
control
Bloomfield et al. (1990)" 10.4 (1.2) vs 10.5 (1.4) NR p < 0.01
(+) 0.86 vs
16 bp=
Brown et al. (1997) 9.33vs 8.94 (+) 0.66 NS, p = 0.67
Gerber et al. (2005)'® Overall NR? NR NS
High-literacy subjects NR (-)09vs(-)1.3 NS, p =0.548
Low-literacy subjects NR (-)21vs(-)0.3 p =0.036
Glasgow and Toobert
(2003),2® Glasgow et al. NR (-)0.2vs (-) 0.1 NS
(2000)*
. . (-) 0.35 (1.59) vs
25 —
Graue et al. (2005) End of intervention NR (+) 0.09 (1.19) NS, p=0.15
(-) 0.37 (1.52) vs _
24 months after study start NR (1) 0.08 (1.31) NS, p=0.15
7.78 (2.22) vs (-) 1.08 vs Significant w/in group, but
26
Levetan et al. (2002) 7.79 (1.91) (-) 0.6 no between-group p value
Lo et al. (1996)77 NR NR Significant w/in group, but
no between-group p value
(-)1.2(1.4)vs
29
McMahon et al. (2005) NR () 1.6 (1.4) p <0.05
Sheldon (1996)* NR NR NS
Smith and Weinert (2000)%? NR (-)1.6vs(+) 1.0 NR
Tatti and Lehmann (2003)% 6.4 (0.7) vs 7.0 (0.8) NR Significant w/in group, but
no between-group p value
Turnin et al. (1992)%* 10.1 (0.4) vs 11.0 (0.2) NR NS
Wise et al. (1986)%" IDDMe¢ group 3 vs group 1 8.1 (0.4) vs 8.8 (-)1.2vs (-) 041 NR
IDDM group 4 vs group 1 8.6 (0.3) vs 8.8 (-)0.7vs (-) 0.1 NR
NIDDM ¢ group 3 vs group 1 79(0.4)vs 8.5 (-)1.3vs(-) 0.2 NR
NIDDM group 4 vs group 1 7.9 (0.6) vs 8.5 (-)0.8vs(-)0.2 NR
2NR, not reported. ¢IDDM, insulin-dependent diabetes mellitus.
bNS, not significant. YNIDDM, noninsulin-dependent diabetes mellitus.

blood glucose.” However, a number of outcomes failed
to show such significant improvement, including insulin
dose,” lipid ratio,*** lipids,*® self-monitoring blood
glucose,® and fructosamine.*

Improved Health Status

Eight trials assessed a health status measure.'*-161821-2532
Seven of 25 health status outcomes were successful. One
trial used the CHQ-CF87 scale, as well as the Diabetes
Quality of Life (DQOL) scale to measure health status.®>3°
With the CHQ-CF87 tool, however, they were able to see

significant improvements only in the family activities
category; they failed to see significant improvements in
bodily pain, change in health, family cohesion, general
behavior, general health, mental health, physical
functioning, role behavioral, role emotional, role physical,
and self-esteem. The DQOL scale revealed a significant
improvement in impact, but not in worry. Other trials
found other scales to be useful. Qualify of life was
assessed using the PAID-2 instrument, but failed to show
a significant improvement.”?> However, Glasgow and
colleagues®?* were able to see significant improvements
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when assessing diabetes intrusiveness through the
Illness Intrusiveness Scale. Smith and Weinert* used the
Psychosocial Adaptation to Illness Scale and quality of life
index, but failed to reveal any significant improvements
with either tool. Additionally, Barrera and colleagues™
revealed significant improvements through their use of
the diabetes support scale, as well as the Interpersonal
Support Evaluation List. The four remaining trials
measured health status through absences from school,”
hospital admission,"® urgent visits for diabetes in the past
3 months,'® and perceived susceptibility to complications
survey.” Significant improvements were seen in absences
from school,”® as well as with the perceived susceptibility
to complications survey."

Satisfaction

Although only three trials assessed patient
satisfaction,'*?0232428 two revealed significant
improvements.'”?*? The two that revealed significant
improvements measured patient or client satisfaction
broadly,'*?*? whereas the trial that failed to show a
significant improvement measured satisfaction with the
program using an illness intrusiveness scale.>*

Discussion

This systematic review analyzed computerized learning
technology interventions evaluated in randomized
controlled trials. Eighteen of the 21 trials (85.7%)
indicated at least one outcome that was significantly
better in the intervention group than in the control
group. We observed a steady decrease in the percentage
of significantly improved outcomes (from 60.0 to
28.0%), as the outcome measures progressed through
the continuum from immediate (learning) to long term
(improved health status).

Results of this systematic review should be interpreted
with limitations in mind. First, only published articles
written in the English language were reviewed. Second,
the heterogeneity of the studies prevented a meta-analysis,
which could have allowed for a more quantitative
assessment. Third, the control groups were not uniform
in how usual care was defined.

The cited trials studied a wide variety of interventions
generalized into three approaches. Many of the trials
also featured interventions with telephone follow-up,
educational sessions, feedback, and other resources. It is
not surprising that there was a greater success among
behavioral outcomes than clinical or health status
outcomes for this behavioral intervention. None of the

trials in this review provided cost information and only a
few provided information about utilization. Any analysis
of cost or utilization would also be confounded by the
poor reporting of the dose of the intervention in several
of the trials. For those trials that did report the dose of
the intervention, there was great variation and much
can still be learned in future research about the most
effective dose for computerized learning technologies.

The education content areas described in the articles are
a mix of things to know (i.e.,, declarative knowledge)
and things to do (i.e., procedural knowledge). Results
indicate that the most common education content areas
were diet and nutrition, exercise and physical activity,
blood glucose monitoring and recording, prevention
and management of complications, and goal setting.
These areas are the most frequently addressed ways to
control diabetes.* Goal setting and feedback are also
important patient-centered care activities for the long-
term management of diabetes."”*

The key information abstracted from the trials for this
systematic review was not described consistently across
all studies. A taxonomy for diabetes self-management
education could facilitate the description of these
behavioral, self-management, and educational types of
interventions in future trial reports. As ongoing education,
support, and follow-up are now included in the National
Standard for Diabetes Self-Management Education
guidelines,® there will be a greater opportunity for
computer-aided diabetes education to play a significant
role in the future.
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