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Carbohydrate counting is an essential component of
type 1 diabetes education but can be difficult for ado-
lescents to learn. Because adolescents are avid users of
technology, an Internet-based education module was
compared with an in-class education session in terms of
carbohydrate counting accuracy in adolescents with type
1 diabetes. Adolescent participants displayed increased
carbohydrate counting accuracy after attending anin-class
education session compared with an Internet-based ed-
ucation module. These results suggest that online edu-
cation is best reserved as an adjunctive therapy to in-class
teaching in this population.

Carbohydrate counting is a recommended daily practice
for the self-management of type 1 diabetes, in conjunction
with insulin therapy (1). This method allows for more
flexibility in the timing and frequency of eating and the
amount of carbohydrate consumed during meals and
snacks (1). Accuracy in carbohydrate estimation is re-
quired to achieve and sustain adequate glycemic control,
and differences of =20 g from actual carbohydrate
amount have been shown to affect postprandial glucose
excursions (2,3). Thus, carbohydrate counting is an es-
sential component of conventional diabetes education, a
collaborative process whereby patients gain knowledge
and skills to successfully self-manage their diabetes and
related conditions (4,5).

However, evidence suggests that adolescents with type 1
diabetes do not accurately count carbohydrates (6). In a
previous study in adolescents with type 1 diabetes, we
reported that, despite using carbohydrate counting for
managing their diabetes and receiving in-class education

with a dietitian, fewer than half of the sample counted
carbohydrates accurately (7). Furthermore, a nutrition
education intervention focused on carbohydrate counting
in adolescents with type 1 diabetes found no improvement
in counting accuracy and glycemic control after 3 months
(8). These findings suggest a need to develop more in-
tensive education that is cost-effective and readily
available and provides the tools to empower individuals
in their day-to-day diabetes management (9,10).

Multiple factors have a bearing on the delivery of diabetes
care for adolescents with type 1 diabetes; these include a
shift in responsibility from parents to adolescents, ado-
lescents’ focus on social contexts and peers, develop-
mental inclination toward risk taking, and fatigue from
care of a chronic illness (11). Therefore, the approach to
diabetes education needs to be engaging, developmen-
tally appropriate, and motivating to encourage appro-
priate diabetes self-management.

Digital technologies are readily used among adolescents,
and strategies that incorporate such technologies can
potentially help adolescents enhance their skills in dia-
betes self-management (12,13). These strategies include
online educational resources (14), short message service
systems (15,16), interactive diabetes management tools
(17), video games (18,19), Internet-based communica-
tion (20), Internet videoconferencing (21), and mobile
device applications (22). Online education for diabetes
management may help to reduce the complexity and
inaccuracies associated with carbohydrate counting, as
well as reduce the barrier of attending face-to-face
teaching sessions by being a flexible learning option that
can be reviewed at a patient’s convenience.
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There is no evidence indicating the most effective type of
educational platform for training adolescents in carbo-
hydrate counting. Although studies of Internet-based
educational tools for diabetes self-management have been
conducted in adolescents with type 1 diabetes (23), none
have focused exclusively on improving carbohydrate
counting skills. Furthermore, the current literature
evaluating computer-assisted diabetes education has
primarily targeted adults with type 2 diabetes (24,25).
Therefore, the objective of this study was to evaluate an
Internet-based education module on carbohydrate-
counting accuracy in adolescents with type 1 diabetes in
comparison with the standard of care (in-class education
session). We hypothesized that the Internet-based
module would result inimproved accuracy compared with
the in-class session.

Research Design and Methods
Study Design

This randomized, controlled, parallel-group trial compared
the effectiveness of teaching principles of carbohydrate
counting to adolescents with type 1 diabetes who did not self-
identify as regular carbohydrate counters (ClinicalTrials.gov
Identifier: NCT02462785). As in our previous study in ad-
olescents with type 1 diabetes who self-identified carbohy-
drate counting as part of their diabetes management (7), we
used two methods of assessing carbohydrate estimation
knowledge and accuracy: 1) carbohydrate content estima-
tions from trays of real prepared meals and snacks and 2) a
validated questionnaire to assess knowledge of carbohydrate
content (the PedsCarbQuiz [PCQ]) (26). However, in the
current study, we compared two educational methods: 1) an
in-class session (current standard of care) and 2) an Internet-
based education module.

The study was conducted at The Hospital for Sick Children
(SickKids) in Toronto, Canada, a tertiary care hospital
providing diabetes care to ~950 children and adolescents
annually. Dietary education is provided to all families after
a diagnosis of diabetes. As children transition to ado-
lescence, they are invited to attend an in-class session with
a dietitian that offers instruction on identifying carbo-
hydrate versus noncarbohydrate foods, portion sizes,
healthy choices, carbohydrate counting, and nutrition
label reading. The study was approved by the SickKids
research ethics board.

Participants

Adolescents aged 12-18 years with diagnosis of type 1
diabetes were identified through chart review in
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consultation with the health care team and approached
for participation in this study at their clinic visit. De-
mographic data were collected from patients, parents, and
medical records and included age, sex, duration of dia-
betes, method of insulin administration, frequency of
carbohydrate counting, and A1C levels from participants’
previous clinic visit.

Criteria for inclusion were type 1 diabetes for >1 year,
access to a computer with Internet connection, and ability
to communicate in English. We excluded adolescents with
medication-induced diabetes and type 2 diabetes, celiac
disease, and learning disabilities, as well as those who had
attended a carbohydrate counting class within 6 months
before recruitment and those who indicated that they
count carbohydrate with all meals daily.

Written informed assent/consent was obtained from the
participants and their parents. The participants were
assigned to one of the study groups using a computer-
generated randomization sequence with a randomization
scheme of 1:1 ratio for each intervention based on the
block randomization method.

General Procedures

After giving informed consent, participants completed the
Youth Adolescent Questionnaire, an abbreviated version
of the Food Frequency Questionnaire (FFQ) (27), to
confirm regular consumption of food and snack items
presented to them for carbohydrate estimation and to
verify the accuracy of carbohydrate counting against
familiarity with the food items. All participants were then
evaluated for their knowledge of carbohydrate counting
by a standardized meal and snack tray test and completed
the carbohydrate knowledge section of the PCQ (26).
Participants were then assigned to a dietitian-led, in-class
education session or an online Internet-based session.
After completion of the education sessions, all participants
were asked to practice carbohydrate counting until the
next clinic appointment in 3 months, at which time they
repeated the tray test and PCQ.

Tray Test

One of two clusters (each cluster consisting of three meal
trays and three snack items) was randomly assigned at
pre- and post-intervention evaluations, covering a range
of food groups and carbohydrate contents. Each partic-
ipant received a different tray pre- and post-intervention,
and, overall, each cluster was split so that half were
presented at study visit 1 (baseline) and the other half
at study visit 2 (3 months post-intervention).
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The food items were selected by the study dietitian based
on the knowledge of foods commonly eaten by ado-
lescents visiting the clinic and included items used in
other studies that measured carbohydrate counting
accuracy. Foods identified on the FFQ that were not
consumed regularly by the adolescents were not in-
cluded. A combination of fresh food and some packaged
food with visible nutrition labels were presented, and
carbohydrate content was determined using a nutrition
database (28) and information from the nutrition labels
on packaged foods.

PCQ

The PCQ is an easily administered questionnaire to
assess knowledge of carbohydrate counting and in-
sulin dose calculation and has been validated in a
population of North American children with type 1
diabetes and their parents (26). Scores are calculated
as the percentage of questions answered correctly.
Reliability analysis of the PCQ shows high internal
reliability (Cronbach’s a of 0.88) and Spearman’s
correlation of 0.60 (P <0.0001) on split-half reliability
testing.

PCQ score correlates significantly with A1C, as well as
expert assessment of participants’ proficiency for the four
carbohydrate knowledge domains of the questionnaire.
These domains include 1) recognition of carbohydrates,
2) carbohydrate counting for individual food items, 3)
carbohydrate counting in a whole meal, and 4) nutri-
tional label reading, which includes identifying serving
size and net carbohydrates (g total carbohydrate — g
fiber). The complete PCQ also includes three domains to
assess insulin dosing, which were not used in this study.
The first four parts of the questionnaire thoroughly
evaluate participants’ knowledge of material covered in
the educational modules delivered in this study.

Educational Video Development

The “Counting Carbs to Be in Charge” video can be viewed
online (https://meant2prevent.ca/counting-carbs-to-be-
in-charge). The video is ~10 minutes long and includes
the same concepts covered at the in-class education
sessions, but was designed with an adolescent delivering
the messages in short segments using techniques designed
to attract and maintain attention in this age-group. These
techniques include presenting visuals of foods, estimates
of portion sizes, and key points using short segment
highlights. Topics include the importance of carbohy-
drates, their function in nutrition and in diabetes, sources
of carbohydrates, differences between carbohydrate and
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noncarbohydrate foods, common resources for carbo-
hydrate counting, label reading, and meal planning.

The video was delivered to participants by password-
protected access through the REDCap (Research
Electronic Data Capture) platform (29), followed

by a series of questions to test patients’ understand-
ing after each section. Users were allowed to repeat
sessions, log on and off during a session, and

choose desired modules for review or repetition.

The video link remained active for 1 week to allow for
multiple viewings.

Study Outcomes

The primary outcome was change in individual mean
differences between counted and actual carbohydrate on
the tray test before and 3 months after the intervention in
each group. The difference away from the actual amount
(over or under) was used to calculate the individual
mean difference.

The secondary outcomes were 1) the proportion of
participants achieving carbohydrate counting accu-
racy of up to 15 g (over or under) of the actual amount
of carbohydrate across the two tray groups before
and after the intervention, based on literature doc-
umenting that differences of 10-20 g can affect gly-
cemic control (2,3) and 2) the mean change in PCQ
scores in each group before and 3 months after the
intervention.

Statistical Analysis

Descriptive statistics (means, SDs, counts, and propor-
tions) were calculated for demographic variables between
in-class and online groups using an independent samples
t test for continuous variables and a Fisher exact test
for nominal variables.

Accuracy of carbohydrate counting was determined as the
difference between a participant’s estimated content and
the actual carbohydrate content of the meal or snack (in
grams). A difference of up to 15 g over or under was
classified as “accurate.” Changes in accuracy from pre- to
post-intervention were compared between in-class and
online groups using an unpaired ¢ test.

The mean changes from pre- to post-intervention in PCQ
scores were compared using a paired t test within the in-
class group, online group, and the overall sample, and the
change in PCQ scores from pre- to post-intervention were
compared between in-class and online groups using an
unpaired t test. Following an intention-to-treat analysis, a
secondary analysis was repeated using only those
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participants who completed the online or in-class edu-
cation session, as well as the pre- and post-intervention
tray test.

Univariate and multivariate logistic regression was used
to examine the associations between clinical variables and
counting accuracy within 15 g (over or under) of the true
content. Variables with P <0.2 on univariate analyses
were entered into multivariate analyses, along with
time (pre- vs. post-intervention) and group (in-class
vs. online).

P <0.05 was considered statistically significant. All an-
alyses were performed using SAS v. 9.4 software (SAS
Institute, Cary, NC).

Sample Size

We previously conducted a pilot study of carbohydrate
counting in eight adolescents from our clinic (aged 13-17
years, diabetes duration of 1.5-9 years, A1C 7.4-11.4%)
to estimate the SD for mean difference between the
counted and actual amount of carbohydrate. Each par-
ticipant assessed three meal trays of commonly eaten
foods varying in carbohydrate count between 68 and 76 g.
Overall accuracy was variable, and 50% of this pilot
sample was able to count within 15 g of the actual amount.
A minimum sample size of 20 participants per group was
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FIGURE 1 Consolidated Standards for
Reporting of Trials (CONSORT) flow
diagram.

calculated to achieve a significance level of 0.05 (a = 5%)
and 80% power (3 = 0.2) to detect a mean between-group
difference of 7.1 g from the actual amount with estimated
group SD of 9.13 g (attained from the pilot study). To

allow for a 20% attrition rate, a target of 25 individuals
per group was set.

Results
Demographics

Fifty individuals participated in this study (Figure 1). A
total of 26 individuals (52%) were randomized to the in-
class session, and 24 individuals (48%) were randomized
to the online session. Of those assigned, 14 completed the
in-class education and 11 completed the online education.
After carbohydrate counting education, 21 of the in-class
participants and 20 of the online participants completed
the tray test and PCQ at their 3-month follow-up visit.

Demographic characteristics between the in-class and
online groups are presented in Table 1. There were no
differences in age, ratio of males to females, duration of
diabetes, type of diabetes treatment, or A1C. This sample
was representative of the clinic’s adolescent population
(14.4 = 1.7 years; mean A1C 8.5 = 1.2%) (30). Par-
ticipants on regimens of two or three daily insulin
injections used intermediate-acting NPH insulin and
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TABLE 1 Baseline Characteristics

In-Class Group (n = 26)

Online Group (n = 24)

Age, years 156 £ 24 155 £ 24
Sex 14:12 13:11
Duration of diabetes, years
1-3 5(19.2) 5 (20.8)
4-8 9 (34.6) 12 (50.0)
>8 2 (46.2) 7(29.2)
Insulin treatment regimen
Injections twice daily 1 (3.8) 1(4.2)
Injections three times daily 3 (50.0) 12 (50)
Injections four or more times daily 7 (26.9) 6 (25.0)
Insulin pump therapy 5(19.2) 4 (16.7)
Al1C, % 4 *+19 88 = 1.6

Data are mean * SD or n (%) except for sex, which is male:female ratio.

rapid-acting insulin aspart or lispro. Those taking four
daily injections used insulin glargine with a rapid-acting
analog insulin, and those on pump therapy used only a
rapid-acting analog insulin.

Tray Test Accuracy

At baseline, the absolute difference between actual
carbohydrate content and estimated content for the
overall sample was 20.6 * 12.5 g for meals and 5.8 =
6.4 g for snacks. Within each group, the absolute
difference at baseline was 23.2 * 14.6 g for meals and
6.3 = 7.5 g for snacks in the in-class group and 17.9 =
9.3 g for meals and 5.2 * 5.0 g for snacks in the online
group. There were no differences between groups at
baseline.

The change between counted and actual carbohydrate
count before and 3 months after the intervention in each
group was not significant (in-class: —5.1 = 16.9 g, P =
0.19; online: —0.1 £ 9.3 g, P = 0.96). Furthermore, there
were no significant differences in the change in meal
(B=—5.0g,95%CI —13.83t03.76, P = 0.25) and snack
(B =0.5g,95% CI —2.16 to 3.10), P = 0.72) counting
accuracy between the in-class and online groups.

The proportion of participants who achieved overall
counting accuracy within 15 g for each meal and snack
from pre- to post-intervention was not significantly dif-
ferent between the in-class and online groups (44 vs.
56.1%, P = 0.59).

We performed a post hoc analysis of adolescents who
completed tray tests before and 3 months after the in-
tervention and either an in-class (n = 14) or an online
(n = 11) education session. The in-class participants
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decreased their absolute mean tray carbohydrate
counting error after education from 23.4 + 16.0 g to
14.9 = 11.1 g (P = 0.049). The absolute difference in
carbohydrate counting error from pre- (16.7 = 5.1 g) to
post-intervention (15.1 = 5.5 g) for the online group was
not different (P = 0.52). Also, the absolute difference
between actual and estimated carbohydrate content of
meal trays was not significant between the in-class

and the online groups (B = —7.0 g, 95% CI —17.19
to 3.13, P = 0.17).

Univariate logistic regression revealed that a higher
AlCwas associated with lower accuracy on the tray test
(oddsratio [OR] 0.69,95% CI0.52-0.91,P =0.01).No
other variables were significant. Multivariate logistic
regression analysis demonstrated that, for every 1%
increase in A1C, participants were 32% less likely to
count accurately (OR 0.68, 95% CI 0.51-0.91, P =
0.01) (Table 2). Group and time were not significant
factors.

PCQ Scores

Baseline PCQ scores for the entire group were 73 = 15%.
PCQ scores pre- and post-intervention decreased signif-
icantly in both groups (in-class from 72 to 68%, P = 0.04;

TABLE 2 Multivariate Logistic Regression of Carbohydrate
Counting Accuracy

Parameter OR (95% ClI) P
Time (pre- vs. post-intervention) 1.59 (0.74-3.41) 0.24
Group (in-class vs. online) 1.01 (0.39-2.61) 0.99

Most recent A1C 0.68 (0.51-0.91) 0.01
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online from 74 to 67%, P = 0.0004). There was no
significant change in PCQ scores between groups (B =
0.05, 95% CI —0.01 to 0.11, P = 0.08).

Discussion

In this study, we evaluated an online method of teaching
carbohydrate counting skills to adolescents with type 1
diabetes in comparison with standard in-class education
with a dietitian. Participants in this study, who did not
regularly count carbohydrates, performed reasonably
well on the carbohydrate counting assessments at
baseline. In-class education compared with an Internet-
based teaching module increased carbohydrate counting
accuracy after 3 months, as assessed by the tray test.
Carbohydrate counting accuracy was negatively pre-
dicted by A1C. However, both groups demonstrated a
decrease in PCQ scores after 3 months.

Adolescents who completed the in-class education classes
showed improved carbohydrate counting accuracy
compared with the online module after 3 months.

This was a surprise in light of improvements in self-
management and problem-solving skills observed in
adolescents with type 1 diabetes receiving usual care plus
Internet support (31) and findings of a systematic review
of Internet-based self-management interventions for
youth with health conditions (32). However, most studies
used a waitlist control or usual care as comparisons and
thus were unable to conclude that online education was as
effective as in-class sessions (32).

To our knowledge, no studies have focused on Internet-
based education for carbohydrate counting specifically in
adolescents with type 1 diabetes. A small pilot study
geared to Hispanic adults showed a 25% increase in
carbohydrate counting skills after completing activities
and reading information on a diabetes education website
(33). In another study using a computer-based, inter-
active diabetes education program to train adults with
type 1 diabetes on estimating carbohydrate content, there
was a reduction in the number of mistakes made after
repeating the exercises in the program (34). However,
both studies lacked in-class education sessions and,
therefore, do not allow for comparison between online
and in-class methods.

Increased engagement may be one potential explanation
for the better outcome in the in-class group. It is possible
that adolescents in our study were less engaged with the
online module and preferred the interaction with their
health care provider (a dietitian), which was not assessed.
A review of Internet-delivered diabetes education
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indicated that patient engagement and usage of Internet
materials waned over time and that interaction with
health care providers was deemed appealing to partici-
pants (24). Internet-based education modules may be best
used as an adjunctive tool to support in-class education
sessions for our adolescent population, as previously
suggested (34).

Having a higher A1C was associated with a lower like-
lihood of carbohydrate counting accuracy. This finding is
consistent with evidence suggesting that carbohydrate
counting may have beneficial effects on A1C in youth (35)
and with our previous study showing that higher A1C was
associated with lower accuracy on the tray test (7). Our
findings suggest that greater ability to count carbohy-
drates over the preceding 3 months may affect mean blood
glucose measures through adjustments in premeal insulin
doses, leading to lower A1C. However, future studies
assessing the long-term impact of carbohydrate counting
accuracy on A1C are warranted.

PCQ scores decreased for adolescents receiving in-class
and online education. Baseline PCQ scores were
relatively high for adolescents who did not regularly
count carbohydrates, but lower than previously reported in
self-identified regular carbohydrate counters (81 = 10%)
(7). It is possible that decreased study engagement with a
repeated questionnaire may have led to increased errors.
Surprisingly, those who improved on the tray test did not
show improved PCQ scores. A study in children and ad-
olescents with type 1 diabetes showed a significant increase
in PCQ scores after 6 months of unstructured use of an
educational video game (36), suggesting that a longer
period of time (=3 months) may be needed to observe an
improvement in PCQ scores.

Adherence was an issue in both the in-class and online
groups, with only half of the participants completing an
education session. Barriers to treatment adherence may
be the result of psychosocial and motivational factors as
children transition into adolescence (37). One method to
potentially improve adherence is to create more inter-
active sessions. In a trial of 320 children with type 1
diabetes comparing two interactive, Internet-based
modules focused on either coping skills training or general
diabetes management, both groups reported high levels of
satisfaction, and ~75% completed the modules (38).
However, diabetes knowledge was not assessed. Future
studies targeting diabetes education to adolescents
should identify age-specific factors to improve adherence
and include more engaging and interactive components
to increase satisfaction and motivation.
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This study has a few limitations. As previously mentioned,
there were challenges with attrition and incomplete
education sessions in both the in-class and online groups,
decreasing our sample size. Expanding recruitment to
include the pre-adolescent age-group may have improved
retention. Second, we did not assess whether improve-
ments in carbohydrate counting affected glycemic control.
Despite these limitations, our study fills a critical gap in the
existing pool of studies using technology-based educa-
tional tools to improve carbohydrate counting skills in this
population. One strength of our study is that real food
samples were used to create a more realistic carbohydrate
counting approach instead of relying on food pictures or
models for estimation.

In summary, adolescents with type 1 diabetes displayed
increased carbohydrate counting accuracy after attending
an in-class education session compared with an Internet-
based teaching module. Our preliminary results indicate
that online education may be best reserved for this
population as an adjunctive therapy to in-class teaching, a
critical component of diabetes self-management. Future
studies should determine whether using Internet-based
education alongside conventional teaching methods will
help to optimize diabetes self-management as adolescents
transition to a more autonomous role in their diabetes care
routine.
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