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BACKGROUND: Evidence is lacking to support the efficacy of life-
style modification as first-line therapy in the clinical management of
type 2 diabetes mellitus (T2DM) in adolescents.

METHODS: A retrospective chart review of youth diagnosed with
T2DM between 1999 and 2008 was conducted. The authors describe
the percentage of youth presenting with glycosylated hemoglobin
(HbA, ) of <9% who achieved/maintained target glycemic control
(HbA,_ <7.0%) with lifestyle monotherapy during the year following
diagnosis.

RESULTS: Among the 275 youth with T2DM, 38% (n=104) pre-
sented with an HbA,_ <9% and were prescribed lifestyle monotherapy
at diagnosis. Of the 80 youth who had sufficient follow-up data over
12 months, 54% successfully maintained target glycemic control solely
with lifestyle management. The mean HbA,_ score at diagnosis was
lower in youth who where successful on lifestlye monotherapy com-
pared with those who were not successful.

CONCLUSIONS: A significant proportion of youth newly diagnosed
with T2DM presenting with an HbA,  <9% effectively achieved/
maintained target glycemic control with lifestyle recommendations
alone for 12 months.
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Le succeés d’'une monothérapie liée au mode de
vie chez des adolescents atteints d’un diabete de
type 2 de novo

HISTORIQUE : On ne possede pas assez de preuves pour appuyer
lefficacité des modifications au mode de vie comme thérapie de
premiére ligne afin de prendre en charge le diabéte de type 2 (DT2)
sur le plan clinique chez les adolescents.

METHODOLOGIE : Les chercheurs ont procédé a une analyse
rétrospective des dossiers d’adolescents ayant un DT2 qui ont été
diagnostiqués entre 1999 et 2008. Ils ont décrit le pourcentage
d’adolescents dont I'hémoglobine glycosylée (HbA, ) était inférieure
29 % et qui ont obtenu ou maintenu le controle ciblé de leur glycémie
(HbA . < 7,0 %) grice a une monothérapie liée au mode de vie au
cours de I'année suivant le diagnostic.

RESULTATS : Chez les 275 adolescents ayant un DT2, 38 %
(n=104) avaient une HbA _ inférieure & 9 % et se sont fait proposer
une monothérapie liée au mode de vie au moment du diagnostic. Chez
les 80 adolescents qui disposaient de données de suivi suffisantes sur
12 mois, 54 % ont réussi 2 maintenir le controle de leur glycémie
ciblée par la seule prise en charge de leur mode de vie. Uindice moyen
d'HbA,_ des jeunes qui parvenaient aux objectifs ciblés grace a la
monothérapie liée au mode de vie était plus faible que celui des jeunes
qui n’y parvenaient pas.

CONCLUSIONS : Une forte proportion d’adolescents qui venaient
de se faire diagnostiquer un DT2 et dont 'HbA | _ était inférieur a9 %
ont réussi 2 obtenir ou a maintenir le controle ciblé de leur glycémie
seulement en respectant pendant 12 mois les recommandations liées
au mode de vie.

he prevalence of type 2 diabetes mellitus (T2DM) in youth has
increased dramatically over the past two decades (1), and now
accounts for 40% to 80% of new cases of diabetes in some paediatric
centres (2). There is little empirical evidence guiding the clinical
management of this cohort due to the limited global experience
with paediatric T2ZDM. Studies in adults with T2DM clearly dem-
onstrate that lifestyle behaviour change effectively improves gly-
cemic control (3-5); however, similar evidence is lacking in youth.
Published reports of clinical paediatric cohorts of T2ZDM suggest
that only 6% to 12% of youth are able to achieve target glycemic
control with lifestyle-based approaches alone (6-8). These numbers
are biased, however, because studies are often underpowered, suffer
from significant loss to follow-up and include youth presenting in
significant metabolic decompensation (glycosylated hemoglobin
[HbA, ] >9%) requiring insulin therapy. In the absence of empir-
ical evidence, these results pervade consensus-based treatment
paradigms (9) and lead to recommendations for drug therapy (10)
despite inadequate evidence for the safety of long-term antihyper-
glycemic medications in youth. Current international clinical
practice guidelines are predominately based on low-level evidence

or consensus (9,11). In an effort to inform practice guidelines, the
purpose of the present report was to describe our 10 years of clin-
ical experience with prescribing lifestyle changes to treat hypergly-
cemia in youth with a diagnosis of T2DM.

METHODS

Study design and population

A retrospective chart review of youth with T2DM treated at
the Diabetes Education Resource for Children and Adolescents
(DERCA) in Winnipeg, Manitoba, was conducted. Diabetes was
diagnosed using international criteria (11,12). Therefore, in the
absence of symptoms, all patients had to demonstrate, on two
occasions: a fasting blood glucose 27.0 mmol/L; and/or a random
blood glucose of >11.1 mmol/L; or a blood glucose >11.1 mmol/L
following a 75 g oral glucose challenge. Only one abnormal value
was required in the presence of classic symptoms of hyperglycemia.
The classification of T2DM was supported by clinical criteria and
the absence of diabetes-associated autoantibodies (11-13). The
DERCA is the only regional paediatric diabetes program providing
services to the province of Manitoba and northwestern Ontario.
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Figure 1) Flow chart of cohort selection into subgroups, by glycosylated
hemoglobin (HbA, ) at 11 to 16 month follow-up, as successful with
lifestyle monotherapy (HbA ;. <7.0%) or unsuccessful with lifestyle
monotherapy (HbA,_>7.0%). DKA Diabetic ketoacidosis

Youth are seen by a paediatric endocrinologist, a dietitian and
nurse educator three to four times annually. In 2007, an exercise
specialist was added to the team. At each visit, youth are taught
strategies to improve nutritional habits, increase physical activity
and reduce sedentary/screen time.

Charts of youth (<18 years of age) with T2DM treated between
1999 and 2008 were screened to identify those prescribed lifestyle
monotherapy at diagnosis, with at least two clinic visits spanning
one year of follow-up (Figure 1). Of the 275 charts available for
review, nine were excluded because there was no HbA | recorded
in the chart. One hundred sixty-two youth were excluded because
they had metabolic decompensation at diagnosis, with HbA | >9%
and/or diabetic ketoacidosis that required insulin therapy, reflect-
ing clinical practice during the study period. This excluded group
also included one youth with HbA,_ of 8.9% at diagnosis who had
insulin therapy started by the local health care team in a remote
community for a fasting blood glucose of 20 mmol/L. Of the
remaining 104 youth, 24 patients did not have complete one-year
follow-up data (six were diagnosed <12 months before, six were
transferred to adult care, seven did not have a clinic visit 11 to
16 months after diagnosis and five were lost to follow-up). Thus,
80 youth (60% female) met the inclusion criteria and had sufficient
follow-up data to be included in the analysis. Youth included in the
study had an HbA,_ <9.1% and were prescribed lifestyle mono-
therapy. All HbA . measurements were performed using the DCA
2000 (Bayer Diagnostics, USA) immunoassay at a single site, which
is aligned to the Diabetes Complications and Control Trial.

Protocol and data extraction

The 80 eligible charts were divided into two groups based on
HbA_ levels during the 12-month period after diagnosis: patients
who achieved and maintained target HbA,_ of <7.0% (11,14) on
lifestyle therapy alone and those who did not achieve or maintain
target glycemic control for 12 months on lifestyle monotherapy.
Demographic data (age, sex and self-defined ethnicity) were
extracted from charts, as well as weight, height, blood pressure,
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HbA, and fasting glucose. Each chart was reviewed to confirm
how the diagnosis of T2DM was made before referral to the
DERCA. The study protocol was approved by the Human
Research Ethics Review Committee, Faculty of Medicine,
University of Manitoba, in accordance with the Declaration of
Helsinki.

Statistical analysis

Data are expressed as mean + SD. Student’s ¢ test was used to test
for group-wise differences in continuous characteristics and 2 test-
ing was used for categorical variables. Group-wise differences in
the 12-month change in dependant variables were assessed using
repeated measures ANOVA. The body mass index (BMI) z-score
was not normally distributed; therefore, group differences were
assessed using the Mann-Whitney U test. Multiple logistic regres-
sion was used to test for predictors of successful achievement/
maintenance of target glycemia with lifestyle therapy alone. %2
testing was used to test for differences in success rates based on
thresholds of baseline HbA,_ or fasting plasma glucose. All statis-
tical analyses were performed using SPSS version 16.0 (IBM
Corporation, USA). P<0.05 was considered to be significant.

RESULTS
Characteristics of each group at diagnosis and follow-up are pre-
sented in Table 1. Youth excluded from the analyses due to incom-
plete follow-up data (n=24) presented with a mean HbA,_ of
7.0%+0.9% and did not differ in demographics or clinical measures
from youth included in the study. Among the 80 eligible youth,
43 (54%) achieved or maintained target HbA, _ <7.0% during a per-
iod of 12 months following diagnosis with lifestyle therapy alone.
This group of patients was characterized by a lower HbA, _ at diag-
nosis (P<0.001) and had a higher percentage of males than the
unsuccessful group. No other significant differences in clinical
variables collected at diagnosis were observed between the groups.
The duration of follow-up was similar between youth who were in
the successful group versus the unsuccessful group (13.5+2.0 ver-
sus 13.9+1.9 months, P not significant).

As per the study design, the change in HbA . was significantly
different between groups at one-year follow-up (-0.7%+1.0% ver-
sus +1.3%+1.9%, P<0.001). While the BMI z-score decreased in
both groups, the change in the BMI z-score was significant only in
the unsuccessful group (P=0.07 for successful group versus P=0.03
for unsuccessful group).

Further analyses were conducted to determine whether a
baseline HbA, _ or fasting plasma glucose threshold could identify
those youth in which lifestyle monotherapy resulted in diminished
success rates (Table 2). Youth were categorized into groups based
on baseline HbA,_ and fasting plasma glucose. There was no
threshold of HbA,_ <9% at diagnosis or fasting plasma glucose
that could be used to predict success.

Youth were categorized into one of five groups according to
how the diagnosis of T2DM was made. The majority of youth
(n=51, 63.7%) were identified through medical screening tests
during a routine appointment or medical visit unrelated to dia-
betes. Nine youth (11.3%) presented to a medical centre with
symptoms of hyperglycemia. Twelve youth (15%) were diagnosed
because a caregiver brought the youth to a medical centre to be
tested for diabetes. Three youth (3.8%) had caregivers test their
blood sugar on home glucose monitors because of known risk (eg,
ethnicity, family history of diabetes, obesity), and brought the
youth to medical attention following a high blood glucose reading
at home. Five youth (6.3%) were found to have hyperglycemia at
community screening programs (one at a community pow wow
and four at a school screening event). All youth were confirmed to
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TABLE 1

Baseline and one-year characteristics and biochemical measures of patients categorized by success with lifestyle management
Successful Unsuccessful Between groups P

Variable Baseline (n=43) 1 year Baseline (n=37) 1 year Baseline Change over 1 year

Age, years (range)* 13.0 (6.8-16.5) - 12.5 (7.0-17.0) - 0.33 -

Male n (%) 22 (51) - 13 (27%) - 0.04 -

Ethnicity (FN/Clother) 37/3/3 - 34/1/2 - -

BMI z-score 2.240.7 2.120.7 2.0£0.8 1.8+0.8 0.18 0.17

SBP z-score 1.6+1.3 1.3£1.1 1.3£1.2 12415 0.27 0.463

DBP z-score 0.7+0.6 0.50.7 0.9+0.7 0.5:0.8 0.11 0.16

HbA, ., % 6.8+1.0" 6.1+0.6 7.5+0.8" 8.7+1.7 0.004 <0.001*

FPGT 7.0£2.4 6.3x1.2 8.3x2.9 10.5+4.6 0.053 <0.001%

Data presented as mean + SD, unless otherwise indicated.*Refers to age (range) at diagnosis; TSignificant difference between groups at baseline (P<0.05);
*Significant difference between groups for change over 1 year (P<0.05); TNot all youth had a 12-month fasting plasma glucose tested; 64 complete pairs were avail-
able for comparison. BMI Body mass index; C Caucasian; FN First Nations; SBP Systolic blood pressure; DBP Diastolic blood pressure; FPG Fasting plasma glucose

TABLE 2
The 12-month change in glycemic control according to gylcosylated hemoglobin (HbA, ) and fasting plasma glucose at diagnosis

Range of HbA, . at

diagnosis, % n Mean HbA, at one year Between groups, P Successful, n (%) Unsuccessful, n (%) Between groups, P
<7 39 6.9£1.6 0.08 26 (66.7) 13 (33.3) 0.46

7-7.9 21 7.2+1.5 13 (61.9) 8(38.1)

8-9.1 20 8.0£2.3 10 (50) 10 (50)

Fasting plasma

glucose range, mmol/L  n*  Mean HbA,_ at one year

Between groups, P

Successful, n (%) Unsuccessful, n (%) Between groups, P

<6.0 18 7.1%2.3 0.23 13 (72.2) 5 (27.8) 0.10
6-6.9 14 6.9+1.1 10 (71.4) 4(28.6)

7-7.9 11 7.3x2.1 7 (63.6) 4 (36.4)

8-8.9 5 8.5+1.9 2 (40.0) 3 (60.0)

9-9.9 9.241.2 0(0.0) 4 (100.0)

>10 12 7.8+1.8 6 (50.0) 6 (50.0)

Data presented as mean + SD, unless otherwise indicated. *Not all youth had a 12-month fasting plasma glucose tested; 64 complete pairs were available for comparison

have T2DM at the DERCA using the Canadian Diabetes
Association criteria (11) as described above.

Finally, preliminary analyses were conducted to explore the
effect of adding an exercise specialist to the team in 2007. No
significant difference in change in HbA|_ was observed with the

TABLE 3
Exploratory analysis of effect of adding an exercise

specialist to the diabetes team in 2007

Between group
Baseline 1 year follow- difference in change

presence of an exercise specialist in the clinic from 2007 to 2008 HbA, ., % up HbA, , % in HbA ., P
(Table 3). However, only 13 subjects diagnosed from 2007 to 2008 1999-2006 7.24¢1.0 7.5+1.9 0.112
met inclusion criteria, likely underpowering this subanalysis. (pre-exercise specialist)

2007-2008 6.9+0.9 6.6+£1.2 —

DISCUSSION

The present retrospective chart review of a large Canadian paedi-
atric cohort of youth with T2DM (15), revealed important obser-
vations relevant to the initial management of T2DM in youth.
Optimal glycemic control with lifestyle monotherapy was achieved
or maintained for one year in more than 50% of youth with an
HbA,_ <9% at diagnosis, independent of changes in body weight.
Baseline HbA,_ was significantly lower in those youth who were
successful with lifestyle monotherapy.

Our findings contradict previous studies, which report that
approximately 10% of youth with T2DM are able to achieve or
maintain target glycemic control with lifestyle therapy alone (6,
16,17). Factors possibly contributing to this discrepancy include
our exclusion of youth presenting with metabolic decompensation
at diagnosis (HbA,_ >9%), because clinical practice at our centre
during the study period was to initiate insulin at diagnosis in youth
presenting with an HbA,_ >9%. If all youth from our centre diag-
nosed with T2DM between 1999 to 2008 with one year follow-up
data regardless of initial HbA _ were included in the analysis (data
not shown), 18% were able to achieve target glycemic control
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(with exercise specialist)
Data presented as mean + SD, unless otherwise indicated. HbA, . Glycosylated
hemoglobin

with lifestyle management alone after one year, a rate still higher
than previously reported.

Differences in the emphasis and resources allocated to fam-
ilies and communities for lifestyle education between reports
could explain disparate success rates. Other studies (17) have
reported significant loss to follow-up (>50%), whereas less than
10% of youth in the present study were missing follow-up data at
12 months. Finally, because T2DM is more common in Manitoba
than other regions of Canada (15), T2ZDM may be detected earlier
in youth due to higher screening rates and thus may be at an earlier
stage of metabolic decompensation. In accordance with this theory,
our data suggest that youth diagnosed at milder stages of dysgly-
cemia (ie, with a lower HbA, _level) are most amenable to lifestyle
treatment. However, even within our highest category of HbA,_
and fasting glucose at diagnosis, 50% of youth achieved target gly-
cemic control on lifestyle monotherapy at one year postdiagnosis.
Therefore, it appears that lifestyle monotherapy is beneficial in
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youth with HbA,_ <9% at diagnosis, and future prospective or
randomized controlled trials will be necessary to delineate the
individual factors that contribute to success.

Of note, the majority of youth in the present study were asymp-
tomatic at diagnosis and were diagnosed following medical screen-
ing during a routine or unrelated medical visit, highlighting the
importance of screening youth at high risk for developing T2DM.
Parental vigilance also played a large role in the detection of T2DM
in youth; nearly 20% of youth were brought to a medical centre
because a caregiver recognized signs and/or symptoms of T2DM.
There were no widespread community efforts at diabetes screening
during the period covered by the present study, and only five youth
were identified by this approach.

We are unable to explain why a higher percentage of males were
observed in the successful group. Future research is warranted to deter-
mine whether success with lifestyle monotherapy is sex dependent.

Although the present study was not designed to address the
addition of an exercise specialist to the diabetes team, exploratory
analyses were conducted. While the trends in change in HbA
over the year following diagnosis might suggest a positive effect of
this addition to clinical outcomes, larger prospective or random-
ized trials are needed to evaluate this important question. The
present study design and sample size precluded us from fully evalu-
ating the effect of adding an exercise specialist to the diabetes
education team, free from the effects of confounders.

Limitations

Data for the present study were collected retrospectively from
patient charts and, therefore, were susceptible to information bias
and missing values. Factors unrelated to those recorded in clinical
charts may additionally influence successful management of gly-
cemia, in particular socioeconomic status. The large percentage of
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