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Objectives:

ÅList the identification criteria for prediabetes. 

ÅDescribe the management options for prediabetes. 

ÅIdentify the characteristic features of metabolic syndrome. 

ÅDescribe the management options for metabolic syndrome. 

ÅDescribe the reasons for increases in diabetes incidence in adolescents. 

ÅIdentify adolescents who should be screened for Type 2 diabetes. 

ÅCreate a medication plan for an adolescent with Type 2 diabetes.
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ÁIn the past, Type 1 DM was the only type of 
ÄÉÁÂÅÔÅÓ ÔÈÁÔ ×ÁÓ ÏÂÓÅÒÖÅÄ ÉÎ ÃÈÉÌÄÒÅÎȣ

ÁOnly 1-2% considered to have Type 2

ÁOver the last 10 years, 8-45% of children 
diagnosed with diabetes have Type 2

ÁWhy this increase ?
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ÁIncrease incidence of obesity 

ÁPrevalence of overweight adolescents
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ÁDecreased physical activity

ÁIncreased overeating

ÁPathophysiologyis similar to adult Type 2 DM
ÁHyperinsulinemia
ÁInsulin resistance
ÁInadequate insulin secretion

ÁTend to have a strong family history of Type 2 
DM

ÁClinical presentation of Type 1 and Type 2 diabetes 
may be indistinguishable

ÁImportant to classify DM correctly for management

Type 1 Type 2 

Obesity 1/4 Majority

Ketosis + + in 1/3

Family Hx 5% 74-100%

Weight loss + -

C-peptide ® ª or ¬

B-cell auto-Ab + -
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Á7ÈÏ ÓÈÏÕÌÄ ÂÅ ÓÃÒÅÅÎÅÄ ÆÏÒ 4ÙÐÅ Ψ $- ȣ

ÁOverweight adolescents ɉЈ ΧΦ yo or onset of puberty)AND 
ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ  ÁÎÙ Ψ ÏÆ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȣ

ǐFamily history of Type 2 DM in a first- or second-degree relative
ǐRace: Native American, African American, Hispanic, Asians, or 

Pacific islanders
ǐSigns of insulin resistance ɀacanthosisnigricans, HTN, 

dyslipidemia, or polycystic ovary syndrome
ǐMaternal history of DM or GDM

ÁFasting glucose - every 2 years 

ÁConformational test needed for diagnosis
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ÁManagement

ÁGoal: normalization of blood glucose and HbA1C and reduce the 
risk of diabetic complications

ÁControl other comorbidities
ǐTreat BP or dyslipidemia
ǐQuit smoking

ÁSelf-management education

ÁDiet and physical activity  ­weight loss

ÁMedication management
ǐAt some point, most will require drug therapy
ǐOral agents offer better adherence and convenience vs. insulin therapy
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ÁMedication Management 

ÁFor those who are not acutely ill
ǐMetformin ɀfirst-line
ǐNo risk of hypoglycemia
ǐNo weight gain
ǐPositive effects on lipid parameters
ǐMaximum dose in adolescence = 2000mg/d

ǐSecond-line
ǐConsider Sulfonylureasor insulin

ǐOthers ɀcan use, but not studied as well
ǐGlinides
ǐAlpha-glucosidaseinhibitors
ǐTZDs??
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ÁMedication Management

Á#ÏÎÓÉÄÅÒ ÓÔÁÒÔÉÎÇ ×ÉÔÈ ÉÎÓÕÌÉÎ ÉÆȣ

ǐDehydration, presence of ketosis and acidosis

ǐMay be glucotoxicdue to hyperglycemia and require 
temporary therapy with insulin only
ǐInsulin potent repressor of TXNIP (thioredoxin-interacting 

protein)

ÍTXNIP causes beta cell oxidation and apoptosis

ǐConsider adding metformin when glucose control is 
established
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ÁManagement ɀ(ctnd.)

ÁPrevention of complications
ǐMicrovascular
ǐRetinopathy ɀyearly ophthalmologic exams

ǐNephropathy ɀyearly screening for microalbuminuria

ǐNeuropathy ɀdaily self-check, yearly physician exam

ǐMacrovascular
ǐControl BP, dyslipidemia

ǐStop smoking

ǐLose weight
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Á-ÏÒÅ ÓÔÕÄÉÅÓ ÎÅÅÄÅÄȣ

Á2ÉÓË ÆÁÃÔÏÒÓ ÔÏ ÉÄÅÎÔÉÆÙ ȬÁÔ-ÒÉÓËȭ ÁÄÏÌÅÓÃÅÎÔÓ

ÁEfficacy and safety of oral agents compared to 
insulin

ÁRisk of diabetic complications and prevention 
strategies
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Question ?

What is the preferred first line drug treatment for most 

adolescents with type 2 diabetes?

a. Glipizide

b. Metformin

c. Acarbose

d. Pioglitazone

Please type your answer in the chat box
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Á$ÅÆÉÎÉÔÉÏÎȣ

ÁImpaired Fasting Glucose (IFG)

ǐFasting blood glucose of 100-125 mg/dl

ÁImpaired Glucose Tolerance (IGT)

ǐOGTT with 2hr blood glucose of 140-199 mg/dl

Á)ÎÃÒÅÁÓÅÄ ÒÉÓË ÏÆ ÄÅÖÅÌÏÐÉÎÇȣ

ÁCardiovascular disease

ÁType 2 DM
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FBG 115 115 115 115 115

BMI 22 30 30 30 30

FH - - + + +

HDL Normal Normal Normal Low Low

BP Normal Normal Normal Normal High
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ÁRisk of diabetes over 5-ά ÙÅÁÒÓȣ

ÁNormal IFG or IGT ɀ4 - 5%

ÁÄIFG only OR ÄIGT only ɀ20 - 34 %

ÁÄIFG + IGT ɀ38 ɀ65%

ÁIncidence of pre-diabetes in the U.S.

ÁEstimated at 25% of overweight adults aged 45-74 
yrs OR 12 million adults

Copyright PharmCon 2009

Á5ÓÕÁÌÌÙ ÆÏÕÎÄȣ

ÁOn routine screening for Type 2 DM

ÁAfter evaluation for insulin resistance due to the 
presence of other risk factors

ÁWhat do you do after you find pre-diabetes?
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ÁDiet and Exercise

ÁIntensive diet + exercise counseling  for at 
least 2 yrs

ǐGoals: 5-7% weight loss + exercise (150 min/wk)

ǐAverage weight loss of 4.6 to 12.3 lbs 

ǐProgression to diabetes was reduced by 58%with 
intensive diet and exercise

ǐDiet and exercise works for ALLindividuals

NEJM 2001;344:1343-50; NEJM 2002;346:393-403. Copyright PharmCon 2009

ÁMetformin

ÁDose studied: 850 mg BID for ~3 yrs

ÁAverage weight loss was 4.6 lbs.

ÁProgression to diabetes was reduced by 31%

ÁMetformin was most effective in younger, obese 
individuals

ÁDiet and exercise was SUPERIORto metformin

NEJM 2002;346:393-403.



Contemporary Issues in Diabetes: Prediabetes, metabolic Syndrome, and Type 2 Diabetes in 
Adolescents

© 2010 Pharmaceutical Education Consultants, Inc. unless otherwise noted.  All rights reserved.

Reproduction in whole or in part without permission is prohibited.

Page 6

Copyright PharmCon 2009

ÁThiazolidinediones

ÁRosiglitazone(8 mg QD) ɀDREAM study

ǐFound to reduce the progression of DM by 60% after 3yrs

ǐFound to reduce BP

ǐIncrease in CHF events and weight vs. PBO

ÁPioglitazone(45mg QD)

ǐFound to reduce the progression of DM by 81%over 2.6yrs

ǐIncrease weight vs. PBO
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ÁAlpha-glucosidase inhibitors ɀAcarbose

ÁDose studied: 100mg TID prior to meals for ~ 3 
years

ÁProgression to diabetes was reduced by 25%

ÁPost-hoc analysis: acarbose reduced the risk of 
a CV event by 49% and developing HTN by 34%

ǐ72% of CV events were in patients with IGT

Lancet 2002;359:2072-77.              JAMA 2003;290:486-94.
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ÁOther options

ÁOrlistat study
ǐ37% reduction in the progression to DM in patients with IGT after 4 

yrs
ǐMore normalization their glucose levels in patients with IGT at 

baseline 

ÁACEI studies - reduced incidence of new-ÏÎÓÅÔ $- ÂÙȣ 
ǐ14% with captopril; 34% with ramipril; 25% with lisinopril
ǐPositive findings were found in sub-group analyses of unrelated 

trials
ǐProspective trials have not shown same benefit

ÁARB studies - reduced incidence of new-ÏÎÓÅÔ $- ÂÙȣ
ǐ25% with losartan
ǐ20% with valsartan
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ÁRecommendations

ÁWeight loss

ǐ)ÎÄÉÃÁÔÅÄ ÆÏÒ ÁÌÌ ÏÖÅÒ×ÅÉÇÈÔ ÏÒ ÏÂÅÓÅ ÐÁÔÉÅÎÔÓ ɉ"-) Ј ΩΦ 
kg/m2) with pre-diabetes
ǐ5-10% (~7%) of body weight

ǐLow-calorie diet + physical activity (at least 30 minutes 
daily or 150 min/wk)
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ÁRecommendations ɀ(ctnd.)

ÁPharmacologic therapy
ǐLittle information on the benefit of any therapy in 

preventing CV disease in patients with pre-diabetes
ǐȰȢȢÉÎÓÕÆÆÉÃÉÅÎÔ ÅÖÉÄÅÎÃÅ ÔÏ ÓÕÐÐÏÒÔ ÔÈÅ ÕÓÅ ÏÆ ÄÒÕÇ ÔÈÅÒÁÐÙ ÁÓ 

a substitute for, or routinely used in addition to, lifestyle 
ÍÏÄÉÆÉÃÁÔÉÏÎ ÔÏ ÐÒÅÖÅÎÔ ÄÉÁÂÅÔÅÓȢȱ
ǐConsider metformin for individuals at VERY HIGH risk
ǐIFG and IGT plus other risk factors (i.e., A1C 6%, HTN, low HDL, 

high TG, or FH of DM) and who are obese and < 60yo

ÁMonitor for the progression to Type 2 diabetes 
every year
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Á-ÏÒÅ ÓÔÕÄÉÅÓ ÎÅÅÄÅÄȣ

ÁDrug therapy effect on prevention of microvascular and CV 
disease 

ÁCost-effectiveness of using drug therapy

ÁWays to sustain weight loss and dietary and exercise 
changes

ÁWays to effectively implement diet and exercise in high 
risk patients

ÁMost effective ways to identify patients with pre-diabetes 
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MM is a 63 yo white female with hypertension, hyper-
triglyceridemia, GERD and osteoarthritis

Medications:

ÁHCTZ 25 mg QD

ÁLisinopril 40 mg QD

ÁToprol XL 50 mg QD

ÁTriCor 145 mg QD

ÁPrevacid 30 mg QD

ÁCelebrex 200 mg QD

Vitals and Labs:

6/7/09: FBG 108, BP 150/80, 

wt. 233, ht. 60 in., BMI 45

9/8/09: BP 132/80, wt. 232, 

BMI 45

Lipid profile (9/8/08):

TC 168        HDL 42

LDL 76        TG 281
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ÁDoes she have pre-diabetes?

ÁHow would you manage MM?

ÁHow would you monitor MM?
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ÁDefinition

ÁThe presence of multiple metabolic risk factors 
that are commonly found together and are 
associated with an increased risk of cardiovascular 
disease (CVD)

Á/ÔÈÅÒ ÓÙÎÏÎÙÍÓȣ

ÁSyndrome X

ÁInsulin resistance syndrome
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Á#ÏÍÐÏÎÅÎÔÓȣ

ÁAbdominal obesity

ÁInsulin resistance °glucose intolerance

ÁAtherogenic dyslipidemia

ÁElevated blood pressure

ÁProinflammatory state

ÁProthrombotic state
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ÁMetabolic syndrome is estimated to affect 33.7% of men 
and 35.4% of women 

ÁPrevalence increases with age with 43.5% over 65 yrs of 
age likely to be affected

Áӎof overweight/obese patients meet criteria for 
metabolic syndrome

ÁPredicts 25% of all new cases of CVD and associated 
with a 3-times increased risk of CVD

ÁHighly predictive of new-onset diabetes
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ÁObesity 

ÁAssociated with a higher risk of CVD
ÁContributes to HTN, increased cholesterol, low HDL, 

and hyperglycemia
ÁAbdominal obesity (visceral adipose tissue ɀVAT)
ǐHigher rate of lipolysisand increased FFA production
ǐFFA stimulate production VLDL and decrease insulin 

sensitivity in peripheral tissues
ǐAdipose tissue releases cytokines that also decrease insulin 

sensitivity
ǐLeads to atherogenicdyslipidemia and insulin resistance
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ÁInsulin resistance and hyperinsulinemia

ÁInsulin resistance increases with increasing BMI

ÁPromotes fatty liver and development of 
atherogenic dyslipidemia

ÁAssociated with a proinflammatory state

ÁMayraise BP by a variety of mechanisms
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ÁAtherogenic dyslipidemia and increased 
blood pressure
ÁCan result from obesity and insulin resistance, but 

is strongly influenced by genetics and dietary 
factors

Á/ÖÅÒÁÌÌȣ
ÁPathogenesis is complex and, likely, 
ÍÕÌÔÉÆÁÃÔÏÒÉÁÌȣ ÍÏÒÅ ÒÅÓÅÁÒÃÈ ÉÓ ÎÅÅÄÅÄ
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ÁWhat is atherogenic dyslipidemia?

ÁHypertriglyceridemia

ÁIncreased apolipoprotein B

ÁIncreased small, dense LDL particles

ÁReduced HDL
LDL = 110 mg/dL

�¶�5�H�J�X�O�D�U�·���/�'�/Small, dense LDL
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Á0ÒÅÓÅÎÃÅ ÏÆ Ω ÏÆ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȣ

ÁAbdominal obesity - waist circumference
ǐ�ƒ - > 40 inches (102 cm)
ǐ�‚ - > 35 inches (88 cm)

Á4' Ј ΧΫΦ ÍÇȾdL
ÁHDL 
ǐ�ƒ - < 40 mg/dL
ǐ�‚ - < 50 mg/dL

Á3"0 Ј ΧΩΦ ÏÒ $"0 Ј ήΫ ÍÍ(Ç
Á&ÁÓÔÉÎÇ ÇÌÕÃÏÓÅ Ј ΧΦΦ ÍÇȾdL

NCEP ATP III recommendations 


