
Preparing Adolescents With Chronic Disease for
Transition to Adult Care: A Technology Program

WHAT’S KNOWN ON THIS SUBJECT: Adolescents with chronic
disease are a diverse population with common needs for
transition. Disease-specific interventions have shown promise at
improving patient outcomes but with substantial personnel and
resource costs. Whether a generic approach across diseases may
be useful is unknown.

WHAT THIS STUDY ADDS: This study is among the first to evaluate
a generic (across disease) approach to transition of adolescents
to adult care. The approach demonstrated promise and cost
savings due to reduced personnel requirement and use of low-
cost technology dissemination methods.

abstract
BACKGROUND: Adolescents with chronic disease (ACD) must develop
independent disease self-management and learn to communicate
effectively with their health care team to transition from pediatric
to adult-oriented health care systems. Disease-specific interventions
have been implemented to aid specific ACD groups through
transition. A generic approach might be effective and cost-saving.

METHODS: Eighty-one ACD, aged 12 to 20 years, were recruited for a
randomized clinical trial evaluating an 8-month transition intervention
(MD2Me). MD2Me recipients received a 2-month intensive Web-based and
text-delivered disease management and skill-based intervention followed
by a 6-month review period. MD2Me recipients also had access to a
texting algorithm for disease assessment and health care team contact.
The intervention was applicable to adolescents with diverse chronic
illnesses. Controls received mailed materials on general health topics.
Disease management, health-related self-efficacy, and health assessments
were performed at baseline and at 2 and 8 months. Frequency of
patient-initiated communications was recorded over the study period.
Outcomeswere analyzed according to assigned treatment group over time.

RESULTS: MD2Me recipients demonstrated significant improvements
in performance of disease management tasks, health-related self-
efficacy, and patient-initiated communications compared with controls.

CONCLUSIONS: Outcomes in ACD improved significantly among recipi-
ents of a generic, technology-based intervention. Technology can deliver
transition interventions to adolescents with diverse chronic illnesses,
and a generic approach offers a cost-effective means of positively
influencing transition outcomes. Further research is needed to
determine whether improved short-term outcomes translate into an
improved transition for ACD. Pediatrics 2014;133:e1639–e1646
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Transition is the purposeful, planned
transfer of adolescents with chronic
medical conditions from child-centered
to adult-oriented health care systems.
The Institute of Medicine describes the
health care transition for adolescents
and young adults with chronic disease
(ACD) as crucial to future health and
psychosocial outcomes.1 Healthy Peo-
ple 2020 identifies transition planning
as a major objective for ACD.2 However,
there remain notable deficits in the
transition experience for many ACD.3

Health care providers and researchers
recognize that generic disease man-
agementskills arerequired forandmay
be effectively and efficiently addressed
across all chronic diseases.3 Yet, to
date, interventions that prepare ado-
lescents for transition have often been
disease-focused and delivered in-person,
increasing cost and decreasing avail-
ability and efficiency.4 Such clinic-based
interventions do not have optimal reach
because they do not account for the
poor engagement of ACD with the health
care system.5

In a randomized clinical trial, we eval-
uated whether a generic, Internet- and
mobile phone–delivered disease man-
agement intervention would improve
disease management, self-efficacy, and
communication outcomes in ACD. In-
flammatory bowel disease (IBD), cystic
fibrosis (CF), and type 1 diabetes (T1D),
with their diversity in clinical course
and disease burden, were chosen to
represent the broad disease spectrum
in ACD. We hypothesized that a generic
intervention designed to improve disease
management, health-related self-efficacy,
and patient-initiated communications
would be more effective than a gen-
eral health intervention in ACD for
transition preparation.

METHODS

Eighty-one patients with IBD, CF, or T1D
and aged 12 to 22 years old without
cognitive impairment were recruited

(October 2010 to March 2011) from
a tertiary care pediatric academic
medical center serving∼1million youth.
The sample size was 80 to account for
a 10% attrition rate. The institutional re-
viewboards at the University of California,
San Diego, and Rady Children’s Hospital
approved the study protocol. Informed
consent and assent were obtained before
the study procedures.

Intervention Groups

Random assignment to the intervention
group (MD2Me) or control groups (Fig 1;
by random block assignment stratified
by disease and generated by study stat-
istician) occurred after the baseline visit.
Participants were not blinded to study
group assignment. Cell phones and
plans were provided to MD2Me subjects
who did not have a cell phone.

MD2Me

MD2Me subjects received an 8-month
technology-based disease management
intervention based on Bandura’s Social
Cognitive Theory. The intervention tar-
geted the self-management constructs6

of monitoring disease symptoms,

responding to monitoring with appro-
priate treatments, and actively work-
ing with health care providers to
manage care. For 2 months, subjects
were asked to log in to a secure Web
site weekly to receive theme-based
materials outlining common disease
management and communication
skills, and lifestyle tips (See Supple-
mentary Materials and Figures for
more information). Disease-specific
case studies were provided to in-
crease usability. Tailored short mes-
sage service (SMS) messages and
queries were delivered (3–5
messages/week) to ensure that par-
ticipants received and understood in-
tervention messages. After 2 months,
Web site access was provided as a dis-
ease management and information re-
source. Weekly reminder SMSmessages
were also delivered to reinforce pre-
viously introduced concepts and skills.

To facilitate patient-initiated communi-
cations, MD2Me recipients were given
access to an automated SMS algorithm
(Fig 2) that provided disease manage-
ment decision support and a health
care team communications portal.
Subjects could activate the SMS to

FIGURE 1
CONSORT (Consolidated Standards of Reporting Trials) diagram for the MD2Me randomized controlled
clinical trial.
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report health concerns. According to
level of urgency (ie, nonurgent [to be
addressed within 48 to 72 hours] or
urgent [requiring same-day attention]),
subject concerns were relayed to the
health care team (by page or e-mail for
intervention). Usual health care com-
munication portals (eg, phone) were
available to all participants.

Controls

Controls received monthly messages
via mail or e-mail (participant prefer-
ence)addressinggeneralhealth issues.
Disease-specific information was pro-
vided as appropriate (eg, in the healthy
nutrition module). Usual health care
communication portals were available
to controls.

Assessments

Participants’ disease self-management
and health-related self-efficacy were
assessed at study visits at a clinical re-
search office by measurement staff
blinded to group assignment. Patient-
initiated communications were assessed
as noted below. Health literacy, health

status, and demographic data were also
collected. All instruments have been used
in adolescents and found to be reliable
and valid.

Disease Status

Disease status was assessed by
using scales developed for each
disease. We used the Pediatric Ulcer-
ative Colitis Activity Index (range: 0–85,
with 0 indicating no disease and
higher scores indicating worse dis-
ease)7 for patients with ulcerative/
indeterminate colitis and the abbre-
viated Pediatric Crohn’s Disease Ac-
tivity Index (range: 0–70, with
0 indicating no disease)8 for patients
with Crohn disease. For CF, we used
the Cystic Fibrosis Clinical Score
(range: 10–50, with 10 indicating no
disease)9. The Diabetes Quality of Life
Brief Clinical Inventory (range: 60–0,
with 60 indicating perfect disease
status satisfaction)10 was used for
T1D. Baseline predicted forced expi-
ratory volume in 1 second and glyco-
hemoglobin were extracted from the
medical record for patients with CF and
T1D, respectively.

Global Health Status

The Karnofsky Performance Scale,11

a functional status assessment scale
used in chronic disease populations
(0–100, where 100 represents perfect
health and 0 represents death), was
used as a universal functional status
measure across all diseases. We also
used the Pediatric Quality of Life Scale
(PedsQL) to measure quality of life as
an indicator of health status.12

Health Literacy Assessments

Health literacywas assessedbyusing the
Test of Functional Health Literacy in
Adults.13 The adult version was used to
reflect the health information process-
ing needs of patients transitioning to
adult health care that was still sensitive
to adolescent concerns.14,15 The Test of
Functional Health Literacy in Adults pro-
vides information on both reading com-
prehension and numerical ability, with
higher scores (0–100 range) indicating
better literacy. Scores of,60 represent
inadequate literacy.13

Disease Management and Self-efficacy

The Transition Readiness Assessment
Questionnaire (TRAQ) 4.116 is a mea-
sure of readiness for transition and
assesses performance of chronic dis-
ease self-management skills. The TRAQ
4.1 was scored by using a 6-point scale
where 0 points were given for subjects
who felt that the skill was not neces-
sary for their care, 1 point was given
for not knowing how to perform the
necessary skill, and 5 was given for
performing the skill consistently when
needed. The TRAQ assumes that sub-
jects can correctly identify when a skill
is not necessary for their care. To bet-
ter capture the inability of subjects to
recognize that a particular skill was
needed for disease self-management,
we scored inability to recognize
a skill as needed for chronic disease
self-management as21; the scale was
otherwise scored the same. In cases in

FIGURE 2
MD2Me SMS algorithm decision tree. Nonurgent, requiring intervention within 48 to 72 hours; Urgent,
requiring intervention within 24 hours.
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which a given skill was deemed not
necessary for chronic disease self-
management for a given patient situa-
tion, 0 points was assigned to the
question. Because none of our patients
was financially independent, all of the
financial capability questions in TRAQ
4.1 were scored 0 points. A TRAQ sum-
mary score $4 is equivalent to
respondents reporting that they are
starting to perform necessary disease
management skills.

The Patient ActivationMeasure17 gauges
participants’ self-efficacy and confi-
dence essential to managing one’s own
health and health care on a scale of 0 to
100, with 100 representing functioning
as an independently functioning adult
with chronic disease). A normalized
Patient Activation Measure score$68.5
is equivalent to having the self-efficacy
and confidence to take charge of one’s
own health and care (ie, ready for
transition).

Patient-Initiated Health Care
Communications

Frequency andmode of communication
contacts between adolescent partic-
ipants only (ie, not those initiated by the
parent) and the health care system
were recorded as the measures of
patient-initiated health care inter-
actions; communication contacts from
8 months before and during the study
period were recorded and ultimately
compared to determine changes in
patient-initiated communications across
interventionperiodbygroup. Specifically,
the numbers of participant-initiated
messages to the MD2Me communica-
tions portal were recorded, and elec-
tronicmedicalrecordreviewascertained
the number of phone conversations be-
tween participants and his/her health
care team. In the studied electronic
medical record, all telephoneencounters
are recorded and then triaged to the
appropriate provider (eg, nurse, sched-
uler, physician) for action.

Statistical Methods

Demographic and disease variable
distributions were analyzed for de-
scriptive purposes. Treatment groups
were statistically compared to de-
termine the equality of randomization.
To permit comparisons across dis-
ease, disease status scores were
normalized to a scale of 0 to 100, with
100 representing ideal health. Inter-
vention outcomes (disease manage-
ment, health-related self-efficacy, and
patient-initiated communications) were
analyzed by intent-to-treat randomization
assignment, using repeated-measures
models testing the treatment 3 time
interaction. Variables expected to in-
fluence outcomes such as age, spe-
cific disease (ie, CF, T1D, and IBD), and
literacy status were entered into
outcome analyses. Statistical analyses

were performed by using JMP statistical
software (SAS Institute, Cary, NC); signif-
icance was set at P, .05.

RESULTS

Eighty-one youth with chronic disease
were randomly assigned into the study
(Fig 1). Demographic data are pre-
sented in Table 1. The ages of subjects
in each disease group differed (median
[interquartile range] for IBD, T1D, and
CF: 17 [16–18], 17 [16–18], and 14 [13–
16] years, respectively; P = .004). There
were no significant ethnic or gender
differences. Seventy-five youth com-
pleted the study. There were no differ-
ences between the 6 dropouts (2
MD2Me subjects and 4 controls) and
the main cohort by age (P = .20),
disease (P = .10), gender (P = .53),
or ethnicity (P = .10). There were no

TABLE 1 Demographic and Other Information on Study Participants

Characteristic MD2Me (N = 40) Control (N = 41)

Age, median (minimum, maximum), y 17 (12, 20) 17 (12, 19)
Gender (male:female), n 17:23 20:21
Race/ethnicity, n
White 16 11
Black 4 4
Hispanic 18 22
American Indian/Alaskan 1 0
Other 1 4

Disease category, n
IBD
CD 11 12
UC 6 5

CF 6 7
T1D 17 17

Disease duration, median (IQR), y 4 (3–9) 6 (2–10)
Disease status, median (IQR)
UC
PUCAI 3 (0–21) 0 (0–10)

CD
PCDAI 5 (5–10) 10 (1–20)

CF
CFCS 19 (17–24) 18 (14–25)

FEV1% 87 (69–94) 81 (72–98)
T1D
DQoL 47 (44–49) 45 (35–52)
Glycohemoglobin, % 8.2 (7–9.2) 8.6 (7.9–9.5)

Karnofsky Performance Scale, median (IQR) 90 (90–100) 90 (80–100)
TOFHLA, median (minimum, maximum) 82 (74, 88) 81 (70, 89)
PedsQL, median (IQR) 81 (70–91) 77 (64–88)

CD, Crohn disease; CFCS, Cystic Fibrosis Clinical Score; DQoL, Diabetes Quality of Life Brief Clinical Inventory; FEV1%, baseline
predicted forced expiratory volume in 1 second by percentage; IBD, inflammatory bowel disease; IQR, interquartile range;
PCDAI, Pediatric Crohn’s Disease Activity Index; PedsQL, Pediatric Quality of Life Scale; PUCAI, Pediatric Ulcerative Colitis
Activity Index; TOFHLA, Test of Functional Health Literacy in Adults; UC, ulcerative colitis.
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study-related adverse events or confi-
dentiality breaches.

Disease Status

Disease status as measured by specific
disease scales (P = .18–.86), functional
performance (P = .31), and quality of
life (P = .17) did not differ according to
treatment group assignment (Table 1).
Disease severity varied by disease, as
expected (Table 1).

Baseline Health Literacy and
Readiness for Transition (Disease
Management and Health
Self-efficacy) Measures

Significant baseline health literacy,
disease management, and health-
related self-efficacy differences were
noted across disease groups (Table 2)
but not according to treatment group
(Table 3). Most patients demonstrated
adequate health literacy (74%). In
contrast, only 34% (26% of MD2Me
subjects and 41% of controls, P = .13)
had begun to perform the necessary
disease management skills needed for
transition (defined as TRAQ $4). Both
treatment groups had minimal patient-
initiated outside-of-clinic-visit contact
with their health care teams at base-
line.

Change in Chronic Disease
Management and Patient-Initiated
Communications Outcomes Over
Time According to Treatment Group

MD2Me recipients demonstrated sig-
nificant improvements in all targeted

outcomes across the study period
comparedwith controls, controlling for
age, baseline literacy status, and dis-
ease group (Table 3). Specifically,
MD2Me participants, compared with
controls, demonstrated increases in
disease self-management and health-
related self-efficacy. In addition, the
number of patient-initiated communi-
cations between MD2Me participants
and their health care team increased
significantly compared with the control
group. This increase in patient-initiated
communications by MD2Me partic-
ipants primarily occurred via the SMS
algorithm (median [minimum, maxi-
mum] increased interactions during
study period by MD2Me participants:
+1 (0, 7) SMS vs. +0 (0, 2) phone).

Baseline health literacy did affect out-
comes according to treatment group.
Specifically, MD2Me participants with
adequate literacy levels demonstrated
greater improvements in disease
management but not in health-related
self-efficacy or patient-initiated com-
munications over the study period
compared with MD2Me participants
with inadequate literacy levels. In con-
trast, age and disease group did not
significantly affect disease manage-
ment, health-related self-efficacy, or
patient-initiated communications over
time.

Health outcomes were not a specific
target of the MD2Me program. Disease
status, functional performance, and
quality of life did not significantly

change over the study period by
treatment group.

MD2Me: Compliance and
Performance

Among MD2Me participants, 79% (63%,
93%) (median [interquartile range]) of
curriculum receipt was documented
across both Web and SMS modalities.
Web visits occurred primarily during
the initial 2months (All but 1participant
visited the Web site during the initial 2
months, whereas only 16 [42%] users
visited in the latter 6 months). In con-
trast, all but 1 user responded to SMS
curricula throughout the intervention
with 78% (56%, 90%) compliance.
Seventy-seven percent of participants
used the SMS algorithm, and SMS al-
gorithm users were older than those
who did not access the SMS algorithm
(mean [SD]: 15 [2] vs 17 [2] years; SMS
algorithm non-users v. users, P = .01).

DISCUSSION

We demonstrated the efficacy of a
technology-based, transition inter-
vention to improve disease manage-
ment, health-related self-efficacy, and
patient-initiated communications in
ACD across 3 disease groups. Our
findings suggest that a more resource-
intensive disease-specific approach
may not be necessary now that a ge-
neric approach to aid ACD through
transition has been shown to be effi-
cacious. The use of technology in our
program offers a low-cost alternative
for intervention in this at-risk pop-
ulation,whichcanbedistributedacross
timeandgeography and independent of
the clinic setting.

Poor transition experiences are com-
monly reported among ACD3 and have
been linked to poor outcomes in this
population, including poor mental
health and psychosocial outcomes, and
negative effects on functional ability,
developmental milestone achievement,
psychiatric health, employment, and

TABLE 2 Baseline Health Literacy, Chronic Disease Management, and Health-Related Self-efficacy
Assessments by Disease

Disease Group Health Literacy
(TOFHLA)

Chronic Disease
Management (TRAQ)

Health-Related Self-
efficacy (PAM)

Score Pa Score Pa Score Pa

CF 71 (17) .01 2.9 (0.9) .01 72 (12) ,.01
T1D 80 (12) 3.7 (0.8) 77 (17)
IBD 98 (9) 3.5 (0.7) 63 (16)

Data are presented as means (SD). PAM, Patient Activation Measure (range: 0 [poor self-efficacy to manage one’s own health]
to 100 [fully able to manage one’s own health and health care]); TOFHLA, Test of Functional Health Literacy in Adults (range:
0 [illiterate] to 100 [literate]); TRAQ, Transition Readiness Assessment Questionnaire (range:21 [not ready to transition] to 5
[ideally ready for transition]).
a ANOVA across disease groups.
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sexual partnering into adulthood.18 The
need for ACD to be supported and
prepared for transition is well recog-
nized. Consensus statements (both
disease-specific19–21 and generic22) on
the needs of the adolescent during this
period have been published. To pre-
pare for the transition from child-
centered to adult-centered care, ACD
should learn the skills needed to ef-
fectively care for themselves and how
to advocate for their own health
issues.23 Consensus guidelines suggest
that this process should begin by age
14 years among ACD.24

A generic approach to readiness for
transition programs has not often been
used in pediatrics despite evidence that
low-cost disease management training
using a generic approach improves
health outcomes among adults with
chronic disease.25 We demonstrated
successful use of a generic approach
for transition preparation interventions
in ACD. In fact, disease type did not
appear to affect the intervention effect
on any of the targeted outcomes in our
study despite notable differences be-
tween disease groups at baseline in
disease management, health literacy,
and health-related self-efficacy. The ap-
proach to transition support tested in
this study offers availability and utility
across diseases. The technology-based
approach offers the possibility of effi-
cient implementation in a clinic setting
with modest personnel time and effort.

Recent trends indicate a major shift to
incorporate technologies into health
behavior interventions. These technol-
ogies offer several advantages for
health behavioral interventions, such
as information and messages tailored
to the participant, quick access, in-
creased cultural sensitivity, and ano-
nymity, which may be attractive
regarding sensitive health issues.
Similarly, mobile technologies can be
used to improve health outcomes. The
computing power and portability of
mobile phones make possible new
applications for automatic, timely, and
tailored presentation of health mes-
sages, and because mobile phones are
generally only accessed by a single in-
dividual, outreach can be improved for
sensitive medical issues. Wireless
devices are now ubiquitous, and text
messaging is currently themain formof
communication by adolescents today.26

We previously demonstrated notable
interest among ACD in using technolo-
gies in a disease management in-
tervention,27 which has since been
validated by others.28 Studies using the
Web and SMS for promoting disease
self-management among youth have
found some success.29 Similarly, we
demonstrated efficacy of our Web- and
SMS-based intervention for chronic
disease management in ACD. Most
MD2Me recipients reported that the
program was helpful as delivered
via text (89%) and Web (91%), with
92% reporting that they would likely

recommend the program to their
friends or family. Most notably, the SMS
communication portal appeared to
encourage increased communications
between participants and their health
care team. Although the absolute in-
crease in number of communications
between ACD and their health care
team is relatively small, it signified an
increase from no communication to
some communication. Lack of health
care engagement remains a major is-
sue with ACD and the demonstration of
ACDs beginning to initiate communi-
cations with their health care team is
an important step toward autonomy in
managing one’s own health. In 1 situa-
tion, this communication led to timely
intervention in 1 participant who re-
quired urgent admission for intensive
medical care. Although it is possible
that the participant would have con-
tacted his health care team through
usual channels had the SMS portal not
been available and that this patient’s
course was not altered via this SMS-
enabled communication, review of
past patient-initiated communications
revealed no previous participant-
initiated communications despite se-
vere disease symptoms.

Suboptimal health literacy has been
linked to poorer chronic disease and
health outcomes among adults.30,31

Among children, low parental health
literacy also appears to adversely af-
fect children’s health outcomes.32 Sim-
ilarly, we found that adolescent/young

TABLE 3 Changes in Main Outcome Measures Over Time According to Treatment Group

Treatment Group Chronic Disease
Management (TRAQ)

Health-Related
Self-efficacy (PAM)

Patient-Initiated Communications (Number
of Contacts per Individual per Period)

Time and Scores P Time and Scores P Time and Number P

MD2Me Baseline: 3.4 (0.9) .02 Baseline: 72 (17) .02 8 months before study participation: 0 (0) ,.0001
2 months: 3.5 (0.7) 2 months: 79 (16) 8-month study period: 2 (2)
8 months: 4.0 (0.8) 8 months: 81 (17)

Control Baseline: 3.6 (0.7) Baseline: 69 (17) 8 months before study participation: 0 (0)
2 months: 3.8 (0.9) 2 months: 69 (16) 8-month study period: 0 (0)
8 months: 3.8 (0.8) 8 months: 71 (14)

Data are presented as means (SD). Comparative analyses between treatment and control groups for each outcome measure used repeated measures models that included treatment group
(intent-to-treat), age, disease, and baseline literacy scores. P values presented are from model comparisons of treatment group3 time, controlling for the factors listed above. PAM, Patient
Activation Measure; TRAQ, Transition Readiness Assessment Questionnaire.
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adult health literacy status affected the
effects of a transition intervention on
disease management outcomes in ACD.
Apparently, participants with lower
health literacy did not accrue all of the
benefits of the intervention. This find-
ing may indicate the need for additional
modules to bolster the adolescents’
capacity to make use of the program if
they screen below a certain threshold in
health literacy.

We did not find significant effects of age
ondiseasemanagement,health-related
self-efficacy, or patient-initiated com-
munication outcomes. This finding is
potentially important because young
adolescents are not often given the
autonomy to make independent health
decisions due to their presumed im-
maturity. Although many guidelines
recommend that transition and disease
management training should begin by
age 14 years, others promote engaging
the child affected by chronic disease at
an even younger age33 to set up a cul-
ture of learning and engagement
throughout what will be a lifetime of
health care experiences. Our findings

support that benefit can be derived
from intervening during early adoles-
cence because self-efficacy and patient-
initiated communication improvements
were seen independent of age and
literacy status in MD2Me-assigned
participants.

Limitations of our study include the
relatively small sample size, single-
institution recruitment, and specific
patient populations studied. Neverthe-
less, we recruited at the main pediatric
referral center for a catchment area of
∼1million persons (,18 years) across
a broad variety of ACD. Although we
demonstrated success in our generic
intervention approach to prepare ACD
for the transition process, we only
tested it in 3 patient populations. Nev-
ertheless, these patient cohorts to-
gether represent a broad range in
health status, disease, and disease
management burden. Although we
would like to attribute improvements
in the treatment group to the MD2Me
intervention, an alternative explana-
tion for the improvements may
have been the increased frequency of

intervention interactions in the MD2Me
(weekly) compared with the control
(monthly) group. The relatively short
duration of the intervention and follow-
up period likely limited our ability to
affect disease and functional status.

Conclusions

We demonstrated efficacy of a generic
intervention approach to improve dis-
easemanagement skills, health-related
self-efficacy, and patient-initiated com-
munications inACD. Theuseofacommon
approach and available technologies
offers a potentially low-cost option
for a population that is sparse and
widely distributed. Further study is re-
quired to determine whether demon-
strated improvements translate into
an improved transition experience
for ACD.
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