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Summary
Objectives: To	 identify	 the	presence	of	 risk	 factors	 for	 type	2	diabetes	 (ethnicity,	
body	mass	index,	blood	glucose	tolerance	and	blood	pressure)	and	to	determine	the	
prevalence of prediabetes and type 2 diabetes in Canadian adolescents attending 
two multicultural urban high schools.
Methods: A	total	of	266	multicultural	urban	high	school	students	who	live	in	a	mid‐
sized	Western	Canadian	city,	aged	14‐21,	were	screened	for	risk	factors	of	prediabe‐
tes	and	 type	2	diabetes	 in	March‐April	2018.	Data	with	 respect	 to	demographics,	
family	 history	of	 diabetes,	 anthropometrics,	 blood	pressure	 and	haemoglobin	A1c	
(HbA1c)	were	collected.	Data	analysis	was	done	using	descriptive	and	inferential	sta‐
tistics	in	addition	to	chi‐square	analyses.
Results: Based	on	body	mass	index,	38%	of	the	adolescents	were	classified	as	either	
overweight	or	obese.	Overweight	rates	for	females	(69.8%)	were	double	than	males	
(30.2%);	however,	males	(52.2%)	were	more	likely	to	obese	than	the	females	(47.8%).	
Based	on	HbA1c	levels,	29.3%	were	at	high	risk	to	develop	either	diabetes	or	predia‐
betes	and	2.6%	were	classified	in	the	prediabetes	range.	Prehypertension/hyperten‐
sion	rates	of	47%	in	the	sample	increased	to	51%	in	those	adolescents	with	elevated	
HbA1c;	the	majority	of	these	prehypertensive/hypertensive	participants	were	male.
Conclusion: High	 rates	 of	 overweight/obesity	 and	 prehypertension/hypertension	
were found in the adolescents studied and indicated the presence of prediabetes and 
an	increased	risk	to	develop	type	2	diabetes	and	associated	complications.	Obesity	
and	hypertension	are	major	risk	factors	for	developing	type	2	diabetes,	resulting	in	
earlier	exposure	to	metabolic	consequences	and,	ultimately,	long‐term	complications.	
Thus,	timely	research	is	needed	to	identify	age‐appropriate	strategies	that	address	
risks	 and	 to	 develop	 recommendations	 for	 routine	 screening	 of	 adolescents	 for	
prediabetes.
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1  | INTRODUC TION

Previously	 considered	 an	 adult	 disease	 and	 non‐existent	 in	 the	
paediatric	population	in	the	late	20th	century,	type	2	diabetes	has	
now become one of the fastest growing paediatric chronic diseases 
worldwide.1‐3	A	Canadian	national	 surveillance	 study	 found	 an	 in‐
cidence	of	type	2	diabetes	in	children	and	adolescents	of	1.54	per	
100 000 per year.4	 In	the	United	States,	estimated	incidence	rates	
have	increased	to	an	annual	rate	of	12.5	per	100	000	in	the	10‐	to	
19‐year‐old	 age	 group.5	As	 a	 result,	 this	 current	 health	 issue	 is	 of	
great interest to researchers and clinicians around the world.1

Recent evidence suggests the development of complications 
with	type	2	diabetes	might	occur	more	quickly	in	adolescents	than	
in	adults.	Evidence	suggests	that	loss	of	beta‐cell	function	is	accel‐
erated	in	young	type	2	diabetes,	leading	to	premature	development	
of	 complications,	with	 adverse	effects	on	quality	of	 life	 and	 long‐
term outcomes.6	A	recent	study	conducted	in	Manitoba	found	renal	
and	 neurologic	 problems	 manifested	 within	 5	years	 of	 diagnosis	
and	major	complications	such	as	dialysis,	blindness	and	amputation	
within 10 years.7

In	addition	to	 in‐depth	research	 into	the	complications	of	type	
2 diabetes in children and adolescents is the plethora of research 
establishing	 the	multiple	 risk	 factors	 for	 type	2	diabetes	 in	youth.	
A	prominent	 risk	 factor	 for	 type	2	diabetes	 is	 obesity,	with	docu‐
mented	 prevalence	 rates	 of	 80%	occurring	 at	 the	 time	of	 diagno‐
sis.6,8	 Family	 history	 and	 ethnicity	 are	 also	 risk	 factors	 for	 type	 2	
diabetes.	 For	 example,	 adolescents	 from	 certain	 ethnic	 groups	
(Aboriginal,	Asian,	African	and	Hispanic)	are	known	to	be	at	high	risk.	
For	the	purpose	of	this	article,	ethnicity	 is	defined	on	the	basis	of	
cultural	characteristics	such	as	shared	language,	ancestry,	religious	
traditions,	 dietary	 preferences	 and	history.9	Other	 risk	 factors	 for	
the development of type 2 diabetes include insulin resistance that 
is	manifested	as	acanthosis	nigricans,	polycystic	ovarium	syndrome,	
hypertension and dyslipidemia.8,10	Understanding	these	clinical	and	
demographic	characteristics	for	adolescents	at	risk	for	prediabetes	
and type 2 diabetes is important for developing targeted screening 
and intervention programmes to prevent and reduce mortality from 
this emerging chronic disease.8

Findings	 from	 our	 pilot	 study	 conducted	 in	 three	 Northern	
predominantly	 Indigenous	 communities	 in	 Western	 Canada11 
indicate	 a	 disconcerting	 rate	 of	 prediabetes	 (10%)	 in	 Indigenous	
adolescents that is significantly higher than the previously re‐
ported	prevalence	(1%).4,11,12 Other findings include high rates of 
overweight	 (22.5%),	obesity	 (17.5%),	 and	prehypertension	or	hy‐
pertension	 (26.6%).11 This pilot study is the first to examine the 
prevalence of prediabetes in Canadian Indigenous adolescents 
living	 in	 rural	 and	 remote	 communities	 in	 the	 21st	 century,	 and	
the findings underscore the need for early screening of this pop‐
ulation for both prediabetes and type 2 diabetes. The results also 
illustrate that large numbers of young adolescents may remain un‐
diagnosed	or	be	at	high	risk	for	prediabetes	and	type	2	diabetes	
in other communities in Canada. Despite significant international 
attention	on	the	chronicity	of	type	2	diabetes,	most	studies	have	

focused	on	the	clinical	features,	treatment	and	complications	for	
adolescents.3,8,13	The	National	Health	and	Nutrition	Examination	
Survey	 found	 a	 prevalence	 of	 0.12%	 undiagnosed	 diabetes	 in	
adolescents.3	 To	 our	 knowledge,	 no	 studies	 other	 than	our	 own	
pilot study that examined rural and remote living predominantly 
Indigenous adolescents have reported rates of prediabetes and 
risk	for	type	2	diabetes	in	Canadian	adolescents.	Therefore,	these	
findings from the aforementioned pilot study and other research 
necessitate ongoing explorations with a larger multicultural inves‐
tigation	 in	urban	settings.	The	present	study	 is	novel,	as	 it	 takes	
a	population‐based	research	approach	with	a	focus	on	earlier	di‐
agnosis	 (prediabetes	 rather	 than	post‐diagnosis)	 and	a	new	pop‐
ulation	 (urban‐living	 adolescents	 attending	 two	 predominantly	
multicultural	high	schools	 in	a	mid‐sized	Western	Canadian	city).	
The research objective of this study was to generate insight into 
the	risk	factors	and	prevalence	of	prediabetes	and	type	2	diabetes	
in	 adolescents	 living	 in	 a	mid‐sized	Western	Canadian	 city.	 This	
research	was	guided	by	the	following	questions:

1.	 Are	 the	 following	 risk	 factors	 present	 in	 adolescents	 attending	
two predominantly multicultural Canadian urban secondary 
schools:	 ethnicity,	 body	 mass	 index,	 blood	 glucose	 tolerance	
and blood pressure?

2.	 What	are	the	prevalence	rates	of	prediabetes	and	type	2	diabetes	
in adolescents attending two predominantly multicultural 
Canadian urban secondary schools?

2  | METHODS

This study was approved by the biomedical ethics research commit‐
tee	at	 the	University	of	Saskatchewan,	 the	school	district	and	 the	
principals	 of	 the	 participating	 schools.	 A	 letter	 and	 consent	 form	
were sent home to inform parents of the purpose and procedures of 
the	study,	the	storage	of	data,	confidentiality	and	the	right	to	with‐
draw.	The	principal	investigator	(PI)	visited	the	classrooms	to	explain	
the	study	and	invite	the	adolescents	to	participate,	including	details	
of	the	diabetes	screening.	Students	were	reassured	that	they	were	
not	 required	 to	 participate	 and	 refusal	would	 not	 jeopardize	 their	
course	standing.	Parental	consent	and	student	assent	were	obtained	
from each participant with the exception of adolescents over the 
age	of	18,	who	were	given	permission	by	the	ethics	board	and	school	
district to consent to the screening.

2.1 | Study design

In	 the	 present	 exploratory	 quantitative	 study,	 participants	 were	
screened	for	identification	of	risk	for	prediabetes	and	type	2	diabe‐
tes	through	the	collection	of	demographic	data,	family	history,	an‐
thropometric	measurements,	blood	pressure	(BP)	and	haemoglobin	
A1c	(HbA1c)	blood	glucose.	Similar	protocols	were	used	in	the	team’s	
pilot study.11
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2.2 | The sample

High	 school	 students	 (n	=	266)	 from	 two	 urban	 high	 schools	 in	 a	
mid‐sized	western	Canadian	city	were	assessed	for	risk	for	predia‐
betes and type 2 diabetes. Details of the response rates for both 
sites	are	outlined	in	Table	1.	The	qualifying	criteria	for	participation	
in	the	diabetes	screening	included	adolescents	(n	=	266)	who	were	
14‐21	years	old,	enrolled	in	at	least	one	class	at	the	participating	high	
schools,	and	present	on	the	day	of	data	collection.	Exclusion	criteria	
were	non‐English	 speaking	or	unable	 to	provide	consent	as	deter‐
mined	by	the	Registered	Nurse	(RN)	on	initial	contact.

2.3 | Procedures

The	principals	requested	that	the	screening	be	conducted	during	the	
lunch	hour.	To	ensure	 consistency,	 the	principal	 investigators	 (PIs)	

and	three	RNs	conducted	the	diabetes	screening.	The	students	were	
first	called	down	to	the	main	office,	and	then,	the	PI	collected	the	
consent	forms	prior	to	the	assessment.	To	maintain	confidentiality,	
students	were	assigned	a	qualifying	number.	The	assessments	were	
conducted	 in	a	quiet	 room	within	 the	high	 school	over	a	2‐month	
period in the spring of 2018.

2.4 | Anthropometry, blood pressure and diabetes 
measurements

As	 recommended	 by	 Diabetes	 Canada,14 anthropometrical meas‐
urements including weight and height were assessed and these 
measurements	 then	 used	 to	 calculate	 body	mass	 index	 (BMI)	 and	
to	 classify	 students	 as	 normal,	 overweight	 or	 obese	 according	 to	
the Center for Disease Control growth charts.15 For those students 
under	20	years	of	age,	BMI	was	interpreted	as	standard	deviations	
and	percentiles	 in	relation	to	age	and	sex.	Following	World	Health	
Organization	 guidelines,	 those	 with	 a	 BMI	 >1	 standard	 deviation	
for	their	age	were	considered	overweight	and	those	with	a	BMI	>2	
standard deviations for their age were considered obese. For those 
who	were	20	years	old,	a	BMI	of	25	or	above	was	classified	as	over‐
weight	and	of	30	or	above	considered	obese.16

An	 auscultated	 blood	 pressure	was	measured	 by	 an	 RN	 using	
a	 standard	 clinical	 sphygmomanometer.	 As	 recommended	 by	 the	
National	Institutes	of	Health17	for	adolescents	17	years	or	younger,	
hypertension was defined as a diastolic blood pressure at or above 
the	 95th	 percentile	 for	 sex,	 age	 and	 height.	 Those	with	 a	 systolic	
or diastolic measure at or greater than the 90th percentile but less 
than	the	95th	percentile	were	considered	to	have	prehypertension.	
For	those	who	were	≥18	years	old,	abnormal	 increases	 in	BP	were	
defined	as	follows:	mean	SBP	≥140	mm	Hg	or	DBP	≥90	mm	Hg	was	
high/hypertensive	and	mean	SBP	of	130‐139	mm	Hg	and/or	a	DBP	
of	 85‐89	mm	Hg	was	 prehypertensive.18	 As	 recommended	 by	 the	
National	Institutes	of	Health,17	BP	was	measured	twice	at	the	same	
visit	 if	 it	 was	 elevated.	 Participants	 with	 two	 confirmed	 elevated	
BPs	were	screened	again	on	a	subsequent	visit	and	 in	such	cases,	
the averages of the systolic and diastolic measurements were used. 
Any	adolescent	with	two	elevated	BP	measurements	was	referred	to	
their	physician	for	follow‐up.

A	haemoglobin	A1c	(HbA1c)	point	of	care	test	was	used	to	assess	
blood	glucose	levels.	HbA1c	reflects	the	average	blood	glucose	level	
during	the	preceding	2‐3	months	rather	than	the	daily	variations	in	
blood glucose levels and is a reliable and sensitive screening test for 
children and adolescents.19	A	validated	Cobas	HbA1c	test	assay	that	
is	 standardized	 to	 the	 National	 Glycohemoglobin	 Standardization	
Program	Roche	Diagnostics20 was used; this diagnostic test system 
is	designed	to	quantitatively	determine	the	%	haemoglobin	in	human	
capillary	 blood.	 An	 estimated	 average	 glucose	 level	 is	 calculated	
with	the	Cobas	b101	system.	Prior	to	use,	the	system	was	tested	for	
quality	control	as	indicated	by	the	Roche	training	guide.	Adolescents	
were	 classified	 as	 at	 increased	 risk	 for	 developing	 diabetes,	 pre‐
diabetic	 and	 type	 2	 diabetic	 with	 levels	 of	 HbA1C	 of	 5.5%‐5.9%,	
6.0%‐6.4%,	and	above	6.5%,	respectively.21,22	All	participants	who	

TA B L E  1   Demographics

Site 1 Site 2 Total

N % N % N %

Response rate 94 39 172 33 266 35

Gender

Male 44 46.8 70 40.7 114 43

Female 50 53.2 102 59.5 152 57

Ethnicity

Indigenous 20 21.2 11 6.4 31 12

European 2 2.1 34 19.8 36 14

Asian 42 44.7 73 42.2 115 43

Caucasian 12 12.8 34 19.8 46 17.4

African 17 18.1 10 5.8 27 10

Central 
American

0 0 3 1.7 3 1.1

South	
American

0 0 1 0.6 1 <1

Middle Eastern 0 0 6 3.5 6 2.2

Age

14 0 0 1 0.6 1 <1

15 4 4.3 9 5.2 13 5

16 26 27.7 27 15.7 53 20

17 27 28.7 81 47.1 108 41

18 28 29.8 45 26.2 73 27

19+ 9 9.6 9 5.2 18 6.7

Family history of diabetes

Yes 42 44.7 80 46.5 122 46

No 49 52.1 89 51.7 138 52

Unknown 3 3.2 3 1.7 6 2.2

Exposure to diabetes in utero

Yes 4 4.3 4 2.3 8 3

No 86 91.5 89 46.5 175 66

Unknown 4 4.3 3 1.7 7 2.6
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tested	above	5.9%	were	referred	to	their	family	physician	for	follow‐
up	and	additional	testing.	Additionally,	RNs	met	individually	with	any	
adolescents	who	tested	in	the	high‐risk	range	to	inform	them	of	their	
results	and	answer	any	questions.

As	recommended	by	Diabetes	Canada	(2018),	other	risks	factors	
for the development of type 2 diabetes included in the screening 
were	demographic	data	(high‐risk	populations	are	people	of	African,	
Arab,	Asian,	Hispanic,	Aboriginal	or	South	Asian	descent),	a	history	
of	diabetes	 in	a	first‐	or	second‐degree	relative,	and	maternal	ges‐
tational diabetes.14	Specifically,	 the	adolescents	were	asked	about	
their	age,	sex,	ethnicity,	personal	medical	history	of	diabetes	and	if	
they were exposed to diabetes in utero.

2.5 | Analysis

Descriptive and inferential statistics were computed using the 
Statistical	Package	for	Social	Sciences	(IBM®	SPSS	v.22.0,	Armonk,	
NY,	USA)	to	establish	risk	and	prevalence	rates	for	prediabetes	and	
type	2	diabetes	in	the	adolescent	sample.	Further,	chi‐square	analy‐
ses	were	conducted	to	investigate	if	the	risk	factors	of	hypertension,	
obesity	and	family	history	occurred	at	higher	frequencies	for	males	
and	females	who	presented	with	an	increased	HbA1c	level.

3  | RESULTS

A	total	of	266	adolescent	participants	were	screened	for	prediabe‐
tes and type 2 diabetes. The sample had a similar representation 
of	male	(N	=	114)	and	female	(N	=	152)	participants	ranging	in	age	
from	14	to	21	years	(mean	17.16).	Demographic	data,	exposure	to	
a	diabetic	pregnancy,	 family	history	and	ethnicity	are	 reported	 in	
Table 1.

3.1 | Ethnicity

Due	to	the	multicultural	nature	of	the	schools,	participant	ethnicity	
varied	greatly	with	the	largest	number	of	adolescents	self‐identify‐
ing	as	Asian	(43%),	Caucasian	(17%),	European	(14%)	and	Aboriginal	

(12%).	Many	participants	self‐identified	as	Canadian	as	their	fami‐
lies	had	been	 in	 living	 in	Canada	 for	many	years.	However,	when	
asked	more	about	their	past	family	history,	they	were	able	to	spec‐
ify their ethnicity. The percentage of each ethnicity is reported in 
Table 1.

3.2 | Body mass index

Body	mass	index	for	the	overall	population	ranged	from	16.6	to	45.8	
(mean	24.18).	Overall,	62	(n	=	167)	of	adolescents	were	categorized	
as	normal	weight,	20%	 (n	=	53)	as	overweight	and	18%	 (n	=	46)	as	
obese	 (Figure	1).	Overweight	 rates	 for	 females	 (69.8%)	were	dou‐
ble	than	males	(30.2%);	however,	males	(52.2%)	were	more	likely	to	
obese	 than	 the	 females	 (47.8%).	 Chi‐square	 analyses	 indicated	 no	
statistically significant differences in terms of gender.

3.3 | Blood pressure measurements

Manual	 blood	 pressure	 measurements	 were	 conducted.	 Slightly	
more	than	half	(53%)	of	the	adolescent	participants	were	classified	
in	 the	 normal	 range,	with	 notable	 rates	 of	 prehypertension	 (20%)	
and	hypertension	(27%).	Blood	pressure	classification	for	the	overall	
population	by	 gender	 is	 reported	 in	Figure	2.	A	higher	 number	of	
males	(58%)	were	classified	with	prehypertension	and	hypertension	
than	females	(42%,	χ2	=	7.63,	df =	2,	P =	0.022).

3.4 | Blood glucose tolerance

HbA1c	 levels	 ranged	 from	 4.3%	 to	 6.4%	 (mean	 5.34%).	 Overall,	
68.1%	 (n	=	181)	 of	 adolescents	 were	 categorized	 as	 having	 nor‐
mal	HbA1c	 levels,	29.3%	 (n	=	78)	were	assessed	 to	have	 increased	
HbA1c	levels	and	were	considered	high	risk	(5.5%‐5.9%),	and	2.6%	
(n	=	7)	were	classified	in	the	prediabetes	range	(6.0%‐6.4%).	A	total	
of	32%	(n	=	85)	of	the	adolescents	presented	in	the	high‐risk	or	pre‐
diabetes	category	with	higher	prevalence	in	females	(54.1%,	n	=	46)	
than	 males	 (45.9%,	 n	=	39);	 no	 statistically	 significant	 differences	
were found between male and female participants with increased 
HbA1c	levels.

F I G U R E  1  Weight	and	blood	pressure	
for	those	with	normal	HbA1C
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3.5 | Blood pressure, family history and weight 
classification for participants with an elevated 
HbA1C level

Participants	with	increased	HbA1c	levels	were	categorized	in	the	high‐
risk	or	prediabetes	HbA1c	range	(5.5%‐5.9%	and	6.0%‐6.4%)	were	also	
likely	to	be	overweight/obese	(36%)	and	prehypertensive/hyperten‐
sive	 (51%;	 Figure	 3).	When	 gender	 difference	was	 analysed,	 higher	
numbers	of	females	(20%)	presented	as	overweight	and/or	obese	than	
males	 (16%).	Also	 notable	 from	 this	 analysis	 is	 the	 large	 number	 of	
females	 (22%)	and	males	 (28%)	with	prehypertension/hypertension.	
Over	half	of	the	participants	(51.9%)	classified	as	either	high	risk	or	in	
the prediabetes range had a family history of diabetes. On the other 
hand,	only	a	few	adolescents	(31.1%)	who	had	previous	exposure	to	a	
diabetes	in	utero	had	elevated	HbA1c.	Chi‐square	analysis	indicated	
no significant differences between the percentages of male and fe‐
male	students	who	presented	with	elevated	HbA1c	 levels	and	were	
classified as overweight/obese and prehypertensive/hypertensive.

4  | DISCUSSION

The main finding of this study is that Canadian adolescents are at 
significant	risk	of	prediabetes	and	type	2	diabetes.	First,	more	than	

one‐third	 of	 the	 adolescents	 (38%)	 evaluated	 in	 this	 study	 were	
classified	as	overweight	or	obese.	Obesity	is	a	major	risk	factor	for	
developing type 2 diabetes and remains prevalent in children and ad‐
olescents in Canada.4,23	Results	from	the	Canadian	Health	Measures	
Survey	(2009‐2011)	show	that	the	prevalence	of	overweight	(19.8%)	
and	obesity	(11.7%)	in	youth	has	not	increased	over	the	last	decade	
but	the	estimated	overall	prevalence	in	youth	aged	12‐17	years	re‐
mains	high	(31.5%).	Sex	differences	indicate	females	ages	12‐17	are	
more	likely	to	be	overweight	(20.9%	vs	18.9%)	and	males	are	more	
likely	to	be	obese	(10.7%	vs	9.6%).23 The results of the present study 
confirm	 the	 trend	of	overweight/obesity	 in	Canadian	adolescents,	
and	specifically,	that	females	are	more	likely	to	be	overweight	and	
males	more	likely	to	be	obese.	Given	the	negative	health	outcomes	
associated	with	overweight	 and	obesity,	 these	 findings	highlight	 a	
continuing public health concern.19,23

A	second	important	finding	is	the	prevalence	rates	of	undiag‐
nosed	 adolescents	 who	 are	 either	 high	 risk	 to	 develop	 diabetes	
(29.3%)	or	 in	 the	range	of	prediabetes	 (2.6%).	Similar	 to	previous	
published	prevalence	rates	of	 type	2	diabetes,	 the	present	study	
found a predominance of females in these categories.8,10 The 
prevalence of prediabetes has been investigated in various coun‐
tries	 across	 the	 world,	 including	Mexico	 (1.5%),	 UAE	 (5.4%)	 and	
China	 (0.28%).24‐26	The	 studies	emerging	 from	 the	United	States	
and Canada focus on adolescents who have been diagnosed with 

F I G U R E  2   Blood pressure by gender
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F I G U R E  3  Weight	and	blood	pressure	
for	those	with	elevated	HbA1C
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diabetes or present findings that estimate the prevalence of pre‐
diabetes and/or undiagnosed diabetes.8,27‐29	In	the	present	study,	
community‐based	 screening	 was	 undertaken	 to	 determine	 the	
number	of	Canadian	adolescents	who	were	in	the	“at	risk”	or	pre‐
diabetes	and	type	2	diabetes	blood	glucose	range.	A	HbA1c	level	
of	6.0%‐6.4%	is	associated	with	a	highly	increased	risk	(20%‐25%)	
of	the	incidence	of	type	2	diabetes	within	5	years.22,30	In	addition,	
evidence is accumulating to indicate that type 2 diabetes has a 
more	aggressive	disease	phenotype	in	youth,	leading	to	premature	
development	of	complications	 that	have	serious	effects	on	qual‐
ity of life.6,7,31,32 Earlier onset hyperglycaemia leads to a longer 
lifetime	 exposure	 to	 the	metabolic	 consequences	 of	 the	 disease	
and	greater	propensity	for	 long‐term	complications.6,32	However,	
lifestyle modifications can reverse the prediabetic state and could 
save	the	patient	and	the	healthcare	system	significant	costs,	but	
this	 clearly	 requires	 discovery	 of	 prediabetes	 status	 among	 at‐
risk	patients.29,33	Therefore,	 these	unique	 findings	 related	 to	 the	
prevalence	of	adolescents	who	are	in	the	“at	risk”	and	prediabetes	
range truly underscore the importance of early screening and in‐
tervention to prevent this disease.

Another	 significant	 finding	 is	 the	 rates	 (36%)	 of	 overweight/
obesity	 in	 adolescents	 who	 present	 with	 elevated	HbA1c	 levels,	
with	females	being	more	likely	to	overweight	than	males.	Research	
in general adolescent populations in Canada reports a similar preva‐
lence	(30%)	of	overweight/obesity	to	that	reported	here	and,	more	
specifically,	 that	 rates	 of	 overweight	 are	 greater	 among	 females	
than males.23 The present study results are concerning due to the 
emerging	evidence	that	illustrates	an	increase	in	surrogate	markers	
for	the	risk	for	type	2	diabetes	and	cardiovascular	disease	in	obese	
children and adolescents.1,4,6.	 Given	 the	 grievous	 complications	
associated	with	type	2	diabetes,	and	the	female	predominance	of	
type	2	diabetes	(2:1),8 these findings highlight the need for robust 
prevention programmes designed to prevent overweight/obesity 
in children and adolescents with strategies specifically targeting 
female children.

The	 third	 risk	 factor	 presenting	 in	 this	 population	 is	 rates	 of	
prehypertension	 or	 hypertension	 (47%),	 with	 significant	 findings	
indicating	boys	 are	more	 likely	 to	have	prehypertension	or	 hyper‐
tension.	 Increased	blood	pressure	 (51%)	 among	 those	 adolescents	
with	elevated	HbA1C	is	also	disconcerting.	These	rates	are	double	
those	from	a	recent	Canadian	study	that	found	a	rate	of	28%	in	ad‐
olescents	(males	and	females)	at	the	time	of	diagnosis	of	type	2	di‐
abetes.4	Other	American	studies	found	similar	rates	of	20%‐30%	at	
initial presentation.10,34	Hypertension	can	lead	to	many	serious	micro	
and	macro	vascular	problems	such	as	retinopathy,	neuropathy,	dia‐
betic	kidney	disease	and	myocardial	infarction,10 and often clusters 
with	other	cardio‐metabolic	comorbidities	such	as	obesity	and	hy‐
perglycaemia.17‐19	All	of	these	factors	have	the	potential	to	increase	
the	risk	of	cardiovascular	disease	and	adverse	health	outcomes.	The	
elevated rates of prehypertension/hypertension in adolescents are 
a	new	and	unique	finding.	Higher	rates	in	males	of	prehypertension/
hypertension illustrate the need to explore possible gender differ‐
ences.	 As	 such,	 effective	 strategies	 aimed	 at	 preventing	 elevated	

blood pressures and the development of other comorbidities such as 
prediabetes and type 2 diabetes are essential.

4.1 | Limitations

The	study	was	conducted	on	a	modest	 sample	 from	one	Western	
Canadian	province.	However,	due	to	the	multicultural	nature	of	the	
school	communities,	the	sample	was	representative	of	an	urban	ado‐
lescent population and the results appear congruent with other re‐
search findings.10,23 Future research studies are needed with a larger 
sample that is representative of other Canadian provinces to further 
validate	the	results.	The	requirement	to	conduct	the	screening	dur‐
ing the noon hour might have limited the sample as some adolescents 
chose	to	forgo	the	screening	rather	than	miss	their	lunch	break.

5  | CONCLUSION

Many	 adolescents	 were	 found	 to	 be	 “at	 risk”	 for	 diabetes.	 Some	
youth	 were	 already	 categorized	 in	 the	 prediabetes	 range,	 making	
these	individuals	at	even	higher	risk	for	developing	type	2	diabetes	
and	its	complications.	In	addition,	high	rates	of	overweight	and	obe‐
sity	were	 confirmed	 in	 the	 adolescent	 females	 and	males,	 respec‐
tively.	Finally,	 the	proportion	of	adolescents	with	prehypertension	
and hypertension was notably high. Research directed at identifying 
age‐appropriate	interventions	is	urgently	needed	to	slow	the	emerg‐
ing epidemic of type 2 diabetes and associated comorbidities such as 
obesity and hypertension in adolescents.
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