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Type 1 diabetes
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Criteria for the Diagnosis of Diabetes

A1C ≥6.5%

OR

Fasting plasma glucose (FPG)
≥126 mg/dL (7.0 mmol/L)

OR

2-h plasma glucose ≥200 mg/dL
(11.1 mmol/L) during an OGTT

OR

A random plasma glucose ≥200 mg/dL 
(11.1 mmol/L)

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 2.
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Criteria for the Diagnosis of Diabetes

A1C ≥6.5%

The test should be performed in a 
laboratory using a method that is
NGSP certified and standardized

to the DCCT assay*

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing.

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 2.

Criteria for the Diagnosis of Diabetes

Fasting plasma glucose (FPG)
≥126 mg/dL (7.0 mmol/L)

Fasting is defined as no caloric intake
for at least 8 h*

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing.

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 2.
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Criteria for the Diagnosis of Diabetes

2-h plasma glucose ≥200 mg/dL
(11.1 mmol/L) during an OGTT

The test should be performed as 
described by the WHO, using a

glucose load containing the equivalent
of 75 g anhydrous glucose

dissolved in water*

*In the absence of unequivocal hyperglycemia, result should be confirmed by repeat testing.

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 2.

Criteria for the Diagnosis of Diabetes

In a patient with classic symptoms of 
hyperglycemia or hyperglycemic crisis,
a random plasma glucose ≥200 mg/dL 

(11.1 mmol/L)

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 2.
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Prediabetes: IFG, IGT, Increased A1C

Categories of increased risk for diabetes 
(prediabetes)*

FPG 100–125 mg/dL (5.6–6.9 mmol/L): IFG

OR

2-h plasma glucose in the 75-g OGTT
140–199 mg/dL (7.8–11.0 mmol/L): IGT

OR

A1C 5.7–6.4%

*For all three tests, risk is continuous, extending below the lower limit of a range and becoming 
disproportionately greater at higher ends of the range.

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S13; Table 3.

Classification of Diabetes

• Type 1 diabetes

– β-cell destruction

• Type 2 diabetes

– Progressive insulin secretory defect

• Other specific types of diabetes

– Genetic defects in β-cell function, insulin action

– Diseases of the exocrine pancreas

– Drug- or chemical-induced

• Gestational diabetes mellitus (GDM)

ADA. I. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S11.
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Type 1 diabetes

• Type 1 diabetes is a chronic autoimmune 
disease associated with selective islet -
cell destruction that leads to insulin-
dependency.

Lower Silesia - IR=20,21

Zubkiewicz, Seifert 2016
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Zapadalność na cukrzycę typu 1 u dzieci i młodzieży dolnośląskiej w latach 2000-
2015
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Timelines for type 1 diabetes. 

Van Belle T L et al. Physiol Rev 2011;91:79-118

©2011 by American Physiological Society

How T1D might arise. 

Van Belle T L et al. Physiol Rev 2011;91:79-118

©2011 by American Physiological Society
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Natural history
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Diabetes type 1A – genetic 

background

Monogenic = defect of a single 
gene

APS-I: AIRE autosomal recessive

XPID: gen Scurfy, sprzężony z X

Oligogenic = MHC + some other

(BB rats)

Poligenic (NOD mice)

T1DM
Region Causal Gene Candidate Immune Diseases

1 1p13.2 PTPN22 ATD, Crohn, JIA, RA, SLE, T1D, Vitiligo 

2 1q31.2 RGS1 Celiac, MS, T1D 

3 1q32.1 CD55, IL10 Crohn, SLE, T1D, UC 

4 2p23.3 T1D 

5 2q11.2 AFF3 JRA, RA, T1D 

6 2q24.2 IFIH1 Graves, SLE, T1D, UC 

7 2q32.3 STAT4 Celiac, JIA, PBC, RA, SLE, SS, Sjogren, T1D 

8 2q33.2 CTLA4 ATD, Celiac, RA, T1D 

9 3p21.31 CCR5 Celiac, T1D 

10 4p15.2 RA, T1D 

11 4q27 IL21, IL2 Celiac, RA, T1D, UC 

12 MHC HLA-DQB1, HLA-DRB1, HLA-B, HLA-A T1D 

13 6q15 BACH2 Celiac, T1D 

14 6q22.32 CENPW T1D 

15 6q23.3 TNFAIP3 Celiac, MS, RA, SLE, T1D, UC 

16 6q25.3 TAGAP Celiac, MS, T1D 

17 6q27 T1D 

18 7p15.2 SKAP2 Crohn, T1D 

19 7p12.2 IKZF1 T1D 

20 7p12.1 COBL T1D 

21 9p24.2 GLIS3 T1D 

22 10p15.1 IL2RA JIA, MS, RA, T1D, Vitiligo 

23 10p15.1 PRKCQ Celiac, RA, T1D 

24 10q22.3 ZMIZ1 Celiac, Crohn, IBD, MS, T1D 

25 10q23.31 RNLS T1D 

26 11p15.5 INS-IGF2, INS T1D 

27 12p13.31 CD69 T1D 

28 12q13.2 ERBB3 T1D 

29 12q24.12 SH2B3 Celiac, JIA, MS, RA, T1D 

30 13q22.2 T1D 

31 13q32.3 GPR183 T1D 

32 14q24.1 Crohn, T1D 

33 14q32.2 T1D 

34 14q32.2 DLK1 T1D 

35 15q14 RASGRP1 Crohn, T1D 

36 15q25.1 CTSH T1D 

37 16p13.13 CLEC16A, DEXI MS, PBC, SLE, T1D 

38 16p13.13 Celiac, Crohn, JIA, T1D 

39 16p11.2 IL27 Crohn, IBD, T1D 

40 16q23.1 T1D 

41 17q12 GSDMB, ORMDL3 Crohn, PBC, RA, T1D, UC 

42 17q21.2 T1D 

43 18p11.21 PTPN2 Celiac, Crohn, JIA, T1D, UC 

44 18q22.2 CD226 Crohn, MS, T1D, UC 

45 19p13.2 TYK2 T1D 

46 19q13.32 T1D 

47 19q13.33 FUT2 Crohn, T1D 

48 20p13 T1D 

49 21q22.3 UBASH3A RA, T1D, Vitiligo 

50 22q12.2 Crohn, IBD, T1D, UC 

51 22q12.3 IL2RB, C1QTNF6 T1D, Vitiligo 

52 Xq28 T1D

http://www.t1dbase.org/

15

16

http://www.t1dbase.org/page/Overview/display/locus_id/235
http://www.t1dbase.org/page/Overview/display/gene_id/26191
http://www.t1dbase.org/page/Overview/display/locus_id/236
http://www.t1dbase.org/page/Overview/display/gene_id/5996
http://www.t1dbase.org/page/Overview/display/locus_id/237
http://www.t1dbase.org/page/Overview/display/gene_id/1604
http://www.t1dbase.org/page/Overview/display/gene_id/3586
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http://www.t1dbase.org/page/Overview/display/locus_id/240
http://www.t1dbase.org/page/Overview/display/gene_id/64135
http://www.t1dbase.org/page/Overview/display/locus_id/366
http://www.t1dbase.org/page/Overview/display/gene_id/6775
http://www.t1dbase.org/page/Overview/display/locus_id/242
http://www.t1dbase.org/page/Overview/display/gene_id/1493
http://www.t1dbase.org/page/Overview/display/locus_id/243
http://www.t1dbase.org/page/Overview/display/gene_id/1234
http://www.t1dbase.org/page/Overview/display/locus_id/244
http://www.t1dbase.org/page/Overview/display/locus_id/245
http://www.t1dbase.org/page/Overview/display/gene_id/59067
http://www.t1dbase.org/page/Overview/display/gene_id/3558
http://www.t1dbase.org/page/Overview/display/locus_id/601
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http://www.t1dbase.org/page/Overview/display/locus_id/247
http://www.t1dbase.org/page/Overview/display/gene_id/60468
http://www.t1dbase.org/page/Overview/display/locus_id/248
http://www.t1dbase.org/page/Overview/display/gene_id/387103
http://www.t1dbase.org/page/Overview/display/locus_id/249
http://www.t1dbase.org/page/Overview/display/gene_id/7128
http://www.t1dbase.org/page/Overview/display/locus_id/250
http://www.t1dbase.org/page/Overview/display/gene_id/117289
http://www.t1dbase.org/page/Overview/display/locus_id/765
http://www.t1dbase.org/page/Overview/display/locus_id/251
http://www.t1dbase.org/page/Overview/display/gene_id/8935
http://www.t1dbase.org/page/Overview/display/locus_id/488
http://www.t1dbase.org/page/Overview/display/gene_id/10320
http://www.t1dbase.org/page/Overview/display/locus_id/252
http://www.t1dbase.org/page/Overview/display/gene_id/23242
http://www.t1dbase.org/page/Overview/display/locus_id/253
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http://www.t1dbase.org/page/Overview/display/locus_id/255
http://www.t1dbase.org/page/Overview/display/gene_id/55328
http://www.t1dbase.org/page/Overview/display/locus_id/256
http://www.t1dbase.org/page/Overview/display/gene_id/723961
http://www.t1dbase.org/page/Overview/display/gene_id/3630
http://www.t1dbase.org/page/Overview/display/locus_id/257
http://www.t1dbase.org/page/Overview/display/gene_id/969
http://www.t1dbase.org/page/Overview/display/locus_id/258
http://www.t1dbase.org/page/Overview/display/gene_id/2065
http://www.t1dbase.org/page/Overview/display/locus_id/275
http://www.t1dbase.org/page/Overview/display/gene_id/10019
http://www.t1dbase.org/page/Overview/display/locus_id/763
http://www.t1dbase.org/page/Overview/display/locus_id/370
http://www.t1dbase.org/page/Overview/display/gene_id/1880
http://www.t1dbase.org/page/Overview/display/locus_id/259
http://www.t1dbase.org/page/Overview/display/locus_id/260
http://www.t1dbase.org/page/Overview/display/locus_id/364
http://www.t1dbase.org/page/Overview/display/gene_id/8788
http://www.t1dbase.org/page/Overview/display/locus_id/356
http://www.t1dbase.org/page/Overview/display/gene_id/10125
http://www.t1dbase.org/page/Overview/display/locus_id/261
http://www.t1dbase.org/page/Overview/display/gene_id/1512
http://www.t1dbase.org/page/Overview/display/locus_id/604
http://www.t1dbase.org/page/Overview/display/gene_id/23274
http://www.t1dbase.org/page/Overview/display/gene_id/28955
http://www.t1dbase.org/page/Overview/display/locus_id/603
http://www.t1dbase.org/page/Overview/display/locus_id/264
http://www.t1dbase.org/page/Overview/display/gene_id/246778
http://www.t1dbase.org/page/Overview/display/locus_id/265
http://www.t1dbase.org/page/Overview/display/locus_id/266
http://www.t1dbase.org/page/Overview/display/gene_id/55876
http://www.t1dbase.org/page/Overview/display/gene_id/94103
http://www.t1dbase.org/page/Overview/display/locus_id/287
http://www.t1dbase.org/page/Overview/display/locus_id/267
http://www.t1dbase.org/page/Overview/display/gene_id/5771
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Genome-wide Associations (GWAS) in T1DM

Concannon, Rich, Nepom NEJM 360:1646 2009

The Major Histocompatibility Complex

Human

Mouse

DP               DQ    DR                   B       C             A

 K               I-A    I-E                                    D     L

Chromosome 6

Chromosome 17

Class II Class III Class I

Class II
Class III Class I

Class I

Complement 

Proteins
Cytokines Class I-like genes

and pseduogenes

Antigen Processing 

Genes

The strongest locus IDDM1: HLA in MHC on 

chromosome 6
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Genetic predisposition

• Type I diabetes develops in genetically 

predisposed individuals.

• Diabetes associated HLA alleles are:

• DR 3

• DR 4 

• DQ 8

Genetic predisposition in Polish

population
– HLA DQB1*0302, 

– HLA DQB1*02-DQA1*0301  

– HLA DQB1*0302-DQA1*0301 

– HLA DRB1*03-DRB1-04.

• Other haplotypes: HLA-DQB1*0602 i *0603, 

DQA1*0102, DRB1*0403 i DRB1*1501 are protective

21
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There are three prerequisites for 

development of the autoimmune 

disease type 1 diabetes (T1D).

• First, β cell-reactive T cells need to be 

activated; 

• Second, the response needs to be 

proinflammatory; 

• And finally, immune regulation of 

autoreactive responses must fail.

Precipitating event

• Infection: viral, Coxackie B, rubella, 

epidemic parotitis, herpes

• Infection: bacterial, parasites, fungi

• Food: soya bean, gluten, wheat, milk

• Other: heavy metals, nitrates, other 

chemical impurities …

23
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Ziegler, JAMA 2003: 290:721
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BabyDiab & DAISY

trials

Age at gluten 

administration is

strongly related to anti

islet antibodies

occurence in infants.

TEDDY Study
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TEDDY Study

TEDDY Study
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Type 1 Diabetes Prediction and 

Prevention Study (Finlandia)

DIPP
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BABYDIET
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Epidemiologia:

0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

styczeń luty marzec kwiecień maj czerwiec lipiec sierpień wrzesień październik listopad grudzień

Zachorowania na DM1 w poszczególnych miesiącach roku

2000 2001 2002 2003 2004 2005 2009 2012

Analiza wyników badań genetycznych  w kierunku celiakii u dzieci i młodzieży z cukrzycą typu 1 – doniesienie wstępne.

Monika Seifert, Agnieszka Zubkiewicz-Kucharska, Anna Noczyńska

XIV Konferencja PolPeDiab 24-26.04.2014 
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Immunology of diabetes

• Approximately 90% of new-onset type I diabetes 

are diabetes associated autoantibodies positive.

• The main autoantibodies in T1D are reactive to 

four islet autoantigens (islet cell autoantibodies

or ICA):

– insulinoma-associated antigen-2 (I-A2, ICA512, 

tyrosine phosphatase related IA2 molecule), 

– insulin (micro IAA or mIAA), 

– glutamic acid decarboxylase 65 (GAD65), 

– zinc transporter 8 (ZnT8)

Islets

35
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Mehers K L , Gillespie K M Br Med Bull 2008;88:115-129

Antigen
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cell
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Diabetes type 1 

pancreas

Autoimmunity

Cytokines:  IL1β, IL2, 

IL12, IL18, IFNγ, TNFα

Lyimpho

ocyte B

Ab
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Apoptosis

• insulitis
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Tregs

CD4CD25

= 10% CD4
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Tolerance / immuneregulation

Tolerance

Transplant rejection
Diabetes

Treg

Treg
Teff

Teff

T cytotoxic

Molecular mimicry
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Choose whatever organ. . .
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Insulitis

Insulitis. 
Fot.Anne Cooke, University of Cambridge.

The degree of pancreatic infiltration in T1D patients is limited compared with the insulitis in 

NOD mice around diabetes onset. 

Van Belle T L et al. Physiol Rev 2011;91:79-118

©2011 by American Physiological Society
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Autoimmunity

– ICA islet cell antibodies:

– Anti insulin antibodies  (IAA )

– anty-GAD glutamic acid decarboxylase 

antibodies

– Tyrosin phosphatase antibodies (IA2)

– B-chain antibodies (ZnP8)

• Antibodies are markers of the reaction, 

they are not the effectors!

0

20

40
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80

100

0 2,5 5 7,5 10 12,5 15

3 Abs

2 Abs

1 Ab

% non Diabetic

Years of Follow-up

3 Ab n =   41 17 8 1  

2 Abs   n =   44 27 15 4 2 1

1 Abs   n =   93 23 14 10 6 4

Progression o DM1 acc. to Ab load (GAD, ICA512, Insulin)

DAISY
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Prediction, identification and treatment of early
stage type 1 diabetes
Anette-Gabriele Ziegler

• Children with multiple beta-cel autoantibodies progres to 
symptomatic T1D (Ziegler, JAMA 2013)

• Accepting beta-cel autoimmunity as a pathologic entity

C-Path Consortium

Aiming for early diagnosis of beta cel 
autoimmunity on a public health level
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Update
• 249 (0.31%) Ab + children:

• 16 – „spontaneous” T1D (BG >200 mg/dl)
• 205 – education and OGTT

• 181 (88.3%) normoglycemic

• 16 (7.8%) dysglycemic (+22 w follow-up)

• 8 (3.9%) hyperglycemia/T1D (+18 in the follow-up)
73/249 (29.3%) –
dysglycemia/T1D

127 – in the interventional study

Conclusions

• The study in population with non-symtomatic autoimmunization is 
possible, with high response rate

• DKA reduction

• Stress level in participants did not change due to the study

• High rate of participation in the observational study

59

60



20.03.2020

agnieszka.zubkiewicz-

kucharska@umed.wroc.pl 28

T-cells show regulatory phenotype after treatment with oral insulin
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36509 – screened
83 – enrolled
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Type I diabetes: symptoms

• Weight loss

• Pollakiuria, polyuria, nycturia

• Polydipsia 

• Dehydratation 

• Fatigue 

• Abdominal pain 

• Hyperventilation, breathlessness

• Vulvovaginitis, balanoposthitis

• Consciousness disturbances

• COMA
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Treatment:

• Insulin therapy – individually planned

• Diet – including proteins, fat, 

carbohydrates, fiber, minerals, vitamins

• Exercises
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Goals

– Near-normoglycemia

– As few hypos as possible

Goals of T1DM Management

• Utilize intensive therapy aimed at near-normal BG 
and A1C levels

• Prevent diabetic ketoacidosis and severe 
hypoglycemia

• Achieve the highest quality of life compatible with 
the daily demands of diabetes management

• In children, achieve normal growth and physical 
development and psychological maturation

• Establish realistic goals adapted to each individual’s 
circumstances
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Insulin action:

• Stimulation of glucose transport into appropriate 
cells

• Increase of glycogen synthesis in liver and 
muscle, decrease glycogen breakdown

• Decrease of cAMP concentrations in tissues

• Decrease of adipose tissue lipolysis

• Activation of fatty acids synthetic pathway, 
triglycerides production

• Decrease of hepatic gluconeogenesis

• Induction of proto-oncogenes e.g. c-fos

• Activation of proteins synthesis

Insulin:

• Rapid-acting analogs

• Short-acting (regular) human insulin.

• Intermediate-acting (NPH) human insulin

• Long-acting analogs

• Premixed insulin, containing short-acting insulin 

and NPH in different proportions

• Premixed insulin, containing rapid-acting analog 

and NPH in different proportions
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Intensive insulin therapy

• Using different injection devices (Insulin 

PENs)

• NPH or long acting analog as a basal 

insulin (once/twice a day) + regular/rapid-

acting insulin for a meal-time regimen

Intensive insulin therapy

• Using personal insulin pump (PIP)

• Regular/rapid-acting insulin only
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Conventional insulin therapy

• Basal insulin (NPH or long-acting analog) 

+ Regular insulin for breakfast, lunch and 

dinner

Indications for intensive treatment:

• Children

• Professionally active

• With frequent hypoglycemia 

• Practicing sport

• With poor metabolic control

• Overweight

• To correct hyperglycemia

• In small children
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Goals of insulin therapy in children:

• Appropriate growth and psychomotor 

development

• Appropriate social development

• Appropriate personal development

• To lower the risk of complications

Physiologic Multiple Injection Regimens: 

The Basal-Bolus Insulin Concept

• Basal insulin
– Controls glucose production between meals and overnight

– Near-constant levels 

– Usually ~50% of daily needs

• Bolus insulin (mealtime or prandial)
– Limits hyperglycemia after meals

– Immediate rise and sharp peak at 1 hour post-meal 

– 10% to 20% of total daily insulin requirement at each meal 

• For ideal insulin replacement therapy, each 
component should come from a different insulin with a 
specific profile or via an insulin pump (with 1 insulin)

Handelsman Y, et al. Endocr Pract. 2011;17(suppl 2):1-53.
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FIIT – Functional Intensive Insulin Therapy

Meals
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Adapted from Hirsch I. N Engl J Med. 2005;352:174-183. 
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Home. Diabetes Obes Metab 2015;17:1011–20
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Ultra-fast acting prandial insulin

Fast acting analog

Time (hours)
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Insulin secretion by normal B cells

‘Ultra-fast” insulin 

Regular insulin

Ultra-fast insulin:
• More complete reflection of insulin 

secretion in T1D
• Replacement of the early phase of insulin 

secretion in T2D
• Better profile in insulin pump therapy

Home. Diabetes Obes Metab 2015;17:1011–20

Insulin Replacement Not Always Sufficient 

for Glucose Control in T1DM

• Normal glucose regulation involves multiple hormones 
(eg, insulin, glucagon, amylin, incretins) and multiple 
organ systems (eg, pancreas, liver, stomach, brain)

• Insulin replacement therapy does not fully mimic the 
actions of insulin secreted by the pancreas in a 
healthy individual
– Insulin exposure in the liver is lower with replacement 

therapy than with natural production, resulting in 
inadequate suppression of endogenous glucose 
production  

– Higher doses of insulin are required to achieve sufficient 
suppression of endogenous glucose production, but these 
are associated with hypoglycemia and weight gain

Aronoff SL, et al. Diabetes Spectrum. 2004;17:183-190;

Brown L, et al. Sci Transl Med. 2010;2:27ps18; Lebovitz HE. Nat Rev Endocrinol. 2010;6:326-334.
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Continuous Subcutaneous 

Insulin Infusion

Basal (background) insulin needs

Normal Insulin Secretion
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Basal Infusion
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s
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Morning Afternoon Evening Night

Bolus Bolus Bolus

CSII With Rapid-Acting Analog

Breakfast Lunch Dinner

Bedtime

Features of Modern Insulin 

Pumps Not Shared by MDI
• Variable basal and prandial infusion rates

– Meal profiles (eg, square/extended/dual 

wave), preset basal rate changes, etc

• Onboard calculators for meal insulin 

boluses

• Alarms/reminders (eg, missed bolus)

• Ability to download pump data to computer 

• Integration with CGM for automatic 

feedback control (“semi-closed loop”)

CGM, continuous glucose monitoring; MDI, multiple daily injections.
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Technological Features of 

Insulin Pumps*

Insulin delivery

• Small bolus increments: 0.05-0.10 units

• Extended boluses for delayed digestion or grazing

• Multiple insulin-to-carbohydrate ratios, sensitivity factors, BG targets

• Bolus calculators (based on BG level and carbohydrate quantity)

• Low basal rates: 0.025-0.05 units/h

• Multiple basal rates

• Temporary basal rates and suspension mode

Safety features

• Alarms for occlusion and low insulin reservoir

• Active insulin to prevent insulin stacking

• Keypad lock

• Waterproof or watertight

Miscellaneous

• Electronic logbook software (insulin doses, BG levels, carbohydrates)

• Integrated food databases with customization

• Reminder alarms for BG checks, bolus doses

• Wireless communication with remote glucose meter

• Integration with continuous glucose monitoring technology

* Will vary by insulin pump make and model.

BG, blood glucose.
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Improved Control With CSII
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Ahern JA, et al. Pediatr Diabetes. 2002;3:10-15.
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Reduced Risk of Severe 
Hypoglycemia (Seizure/Coma)
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Ahern JA, et al. Pediatr Diabetes. 2002;3:10-15.

2006 Berlin Consensus Conference 

on Pumps in Pediatrics

• CSII strongly recommended 

for children with

– Recurrent severe 

hypoglycemia 

– A1C above target range for 

age

– Unacceptable fluctuations in 

blood glucose 

– Microvascular complications 

– Lifestyle compromised by 

insulin regimen

• CSII may also be beneficial in

– Very young children  

– Dawn phenomenon 

– Competitive athletes

Phillip M, et al. Diabetes Care. 2007;30:1653-1662.

Almost all pediatric patients with T1DM are candidates for CSII
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Insulin Pump Use in Children

Advantages

• Improved blood sugar control 

• Insulin availability and 

convenience 

• Use of multiple basal rates, 

temporary basal rates 

• Ease of administering multiple 

boluses 

• Reduction of hypoglycemia 

• Flexibility and freedom 

• Control of post-meal blood 

sugar/CGM values 

• Ease of adjusting insulin doses 

with exercise and travel 

Disadvantages

• Remembering to give insulin 

boluses with food intake

• Ketonuria or ketoacidosis

• Psychological factors

• Expense

• Weight gain

• Skin infections

• Insulin unavailability and instability

• Infusion site locations and set 

changes

• Physical/logistical considerations

Maahs DM, et al. Diabetes Technol Ther. 2010; 12(S1):S-59-S-65.

Characteristics of Successful

CSII Patients
• Access to diabetes team knowledgeable in CSII, 

with 24/7 HCP access (physician or RN/CDE)

• Insurance

• Adequate intellectual ability to

– Understand glycemic trending, even without CGM

– Master carbohydrate counting or similar system for 
estimation of prandial insulin dosing (frequent SMBG 
can make up for poor carb estimation)

– Understand basics of insulin therapy, including how to 
correct hyperglycemia before and after meals
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Characteristics of Successful

CSII Physicians
• Time to spend with the patient

• Consistent philosophy of insulin use 

among all members of diabetes healthcare 

team

• Electronic infrastructure in the office or 

clinic to faciliate downloads and utilize the 

technology most effectively

• Basic understanding of principles of insulin 

use (MDI or CSII)

Definitions in the Context of 

Insulin Pumps
• Pharmacodynamics vs pharmacokinetics

– Insulin-on-board (IOB)
• Amount of insulin from the last bolus that has not yet been 

absorbed based on pharmacodynamic (not pharmacokinetic) 
data

– Insulin stacking
• Correction dose of insulin, used to treat before-meal or 

between-meal hyperglycemia in a situation when there is still 
significant IOB

• Insulin sensitivity factor
– Correction factor based on amount of glucose 

reduction (mg/dL) expected from 1 unit of insulin for 
the individual patient
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CSII: “Smart Pump” Limitations

• All modern pumps include a “bolus calculator” with 
goal of preventing insulin stacking, but patient must 
still
– Check blood glucose

– Understand “glycemic trends”
– Estimate carbohydrate content with reasonable accuracy

– Account for lag time

– Assume no variability of food or insulin absorption

– Use appropriate IOB

Continuous Glucose 

Monitoring
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Definitions

• Professional CGM

– Equipment owned by the provider

– Patient “masked” (not blinded) to CGM data

• Personal CGM

– Device owned by patient

– Blood glucose data visible, able to be seen 

continuously

CGM in T1DM:

JDRF Sensor Trial
• Patients

– Baseline A1C >7.0%

– Age cohorts
• 8-14 years (n=114)

• 15-24 years (n=110)

• ≥25 years (n=98)

• Improvement sustained for 
12 months in patients aged 
≥25 years

• No significant difference 
between CGM and control 
group among patients <25 
years of age

JDRF CGM Study Group. New Engl J Med. 2008;359:1464-1476.

Patients ≥25 Years of Age

P<0.001
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JDRF CGM Study Group. N Engl J Med. 2008;359:1464-1476.

Change in A1C Over Time: 

JDRF Sensor Trial

Patients ≥25 Years of Age

Relationship Between Frequency of  

CGM Use and Change in A1C:

JDRF Sensor Trial  

JDRF CGM Study. Diabetes Care. 2009;32:1947-1953.
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CGM + CSII vs MDI + SMBG

CGM vs SMBG

CGM vs SMBG: 2012 Meta-analysis

Yeh HC, et al. Ann Intern Med. 2012;157:336-347.

Pediatric Diabetes Consensus 

Conference: Use of CGM

• Frequent, nearly daily use of CGM: 
– Can lower A1C levels in children and adolescents 

who are not well-controlled, irrespective of the 
treatment regimen

– Can reduce exposure to hypoglycemia and maintain 
target A1C levels in well-controlled patients

• Intermittent use of CGM: 
– May be of use to detect post-meal hyperglycemia, 

nocturnal hypoglycemia, and the dawn phenomenon

• The development of smaller, more accurate and 
easier to use devices is needed to enhance CGM 
utilization in youth with T1DM

Phillip M, et al. Pediatr Diabetes. 2012;13:215-228.
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AACE Recommendations for 

Personal CGM

“Good” Candidates
• A1C levels >7% and able to 

use the device near-
continuously

• Type 1 diabetes with 
hypoglycemia unawareness or 
frequent hypoglycemia

• Hyperglycemia over target or 
with excessive glycemic 
variability

• Requiring A1C lowering 
without excessive 
hypoglycemia (eg, potentially 
disabling or life-threatening)

• Preconception and pregnancy

Other Candidates

• Youth who frequently 

monitor their BG levels

• Committed families of 

young children (<8 years 

of age), especially if there 

are problems with 

hypoglycemia

2- to 4-week trial recommended

Blevins TC, et al. Endocr Pract. 2010;16:731-745.

AACE Recommendations for 

Professional CGM for Youth
• May be useful if major changes in diabetes 

regimen

• Nocturnal hypoglycemia/dawn 

phenomenon

• Hypoglycemia unawareness

• Postprandial hyperglycemia

Blevins TC, et al. Endocr Pract. 2010;16:731-745.
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Closed Loop Systems

“Artifical Pancreas”

Effectiveness and Safety of an 

Artificial Pancreas

• Study comparing 2 systems in patients with type 1 
diabetes aged 5-18 years (N=17)
– Closed loop “artificial pancreas” linking CSII insulin delivery 

with CGM (33 nights)

– Standard CSII (21 nights)

• No significant difference in glycemic outcomes in primary 
analysis

• Secondary analysis of pooled data:

BG, blood glucose; CGM, continuous glucose monitoring;

CSII, continuous subcutaneous insulin infusion.
Hovorka R, et al. Lancet. 2010;375):743-751. 

Closed loop CSII P value

Time in target BG range (%) 60 (51-88) 40 (18-61) 0.0022

Time BG ≤70 mg/dL (%) 2.1 (0.0-10.0) 4.1 (0.0-42.0) 0.0304

BG <54 mg/dL (no. events) 0 9
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LGS 

Threshold 

Setting

LGS Start (0 

minutes): Insulin 

infusion stops; 

alarm sounds

Emergency Alarm (2 

minutes): If user does not 

respond, siren turns on 

and pump displays 

emergency message

LGS End (2 hours): 

Insulin infusion resumes

Re-suspend (6 hours): 

Insulin infusion suspends again if 

cycle is not interrupted and sensor 

glucose is still below the preset 

threshold value
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Emerging Options: CSII with “Low Glucose 

Suspend” Feature

Low Glucose Suspend Feature 

Reduces Hypoglycemic Exposure

Agrawal P, et al. J Diabetes Sci Technol. 2011;5:1137-1141.

P<0.01

P=0.43
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Minimed 640G with Smart Guard

Suspend BEFORE low
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Suspends basal rate, if SG:

• Is within 70 mg/dL above the LOW glucose limit

• AND SG is predicted to be approaching the LOW glucose limit within 30 minutes
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135

136



20.03.2020

agnieszka.zubkiewicz-

kucharska@umed.wroc.pl 55

Automatically RESUME basal rate based on the 

SG value

00:00 01:00                                      02:000 30                 60                  90                120

LOW glu.

RESUME basal rate:

• SG level is above the LOW limit and trending upward

• AND insulin has been suspended for at least 30 minutes
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Cumulative probability of first overnight hypoglycemia event. 

David M. Maahs et al. Dia Care 2014;37:1885-1891

©2014 by American Diabetes Association
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MiniMed 670G – hybrid closed loop

https://diatribe.org/drugdevice-name/medtronic-minimed-670g#sthash.FpnjZ4pj.dpuf

ATTD 2020 Madrid
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MiniMed 670G – pivotal study

HbA1c 7,4% → 6,9%

Closed loop – bihormonal
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Β Bionics : introducing the iLetTM

Bihormonal closed loop
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#WeAreNotWaiting

• While using OpenAPS, 
self-reported outcome 
measures (by 18 of the 
first 40 users) showed:
– median HbA1c dropped 

from 7.1% to 6.2%

– median percent time in 
range (80-180 mg/dL) 
increased from 58% to 
81%

– All but one respondent 
reported some 
improvement in sleep 
quality, and 56% reported a 
large improvement.

Artificial Pancreas/Closed Loop 

Systems Summary
• Hypoglycemia minimizer: LGS

• Hyperglycemia minimizer: better 

algorithms, faster insulin into system 

(Halozyme, amylin/insulin co-formulation, 

heated insulin, GLP-1 analogues?)

• Better sensors
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Diabetes complications:

• Acute:

• Ketoacidosis

• Hypoglycemia 

• Chronic:

• Nephropathy

• Retinopathy

• Neuropathy (symmeric, autonomic)

Ketoacidosis:

• Acute insulin deficiency leads to diabetic 

ketoacidosis

• Causes:

– Infections (especially with diarrhea and 

vomiting)

– Diet non-compliance

– Inappropriate insulin supply (not adequate 

dose, omitting the dose, injection device’s 

failure)
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↑BG,

↑osmolarity, 

↑lipolysis & 
ketogenesis →

ketonemia, 
metabolic acidosis

Hyperglycemia, 
hyperketonemia → 
osmotic diuresis, 
dehydration, loss

of electrolytes

↑Stress →

↑counterregulatory
hormones → ↑IR, 
↑BG, ↑ketonemia

↓insulin,  
↑counterregulatory

hormones → 
glycogenolysis, 

gluconeogenesis

If this vicious circle will

not be interrupted with 

insulin and electrolytes

administration and 

rehydration of the patient, 

the DKA and dehydration

will lead to one’s death.
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Algoritm of DKA therapy

Polish Diabetes

www.cukrzyca.info.pl
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AVOID bicarbonate

Hypoglycemia:

• Over exercise 

• Omitting meal

• Over dosage of insulin (e.g. due to 

infusion device failure or by mistake)
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Hypoglycemia:

• Asymptomatic: blood glucose <55 mg/dl 

(3mmol/l)

• Intermediate: presence of autonomic 

symptoms

• Unaware: neuroglycopenia: unusual 

behavior

• Severe: with hypoglycemic coma and 

central nervous system injury

Hypoglycemia symptoms:

CNS (neurological)

• Fatigue

• Dysmnesia

• Concentration difficulties

• Hot flush

• Balance disturbances

• Headache

• Blurred vision, double 
vision, color blindness

• Loss of consciousness

• Seizures 

• Unusual behavior 

Autonomic (1)

• Convulsion

• Anxiety 

• Palpitation

• Pulsation in thorax

• Numbness of mouth, 
fingers, tongue

• Excitation

• Starvation

• Nausea

• Pallor

• Sweat
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Hypoglycemia symptoms

• Occurrence of these symptoms depends on: 

central nervous system reaction on glucose 

deficiency and its damage (polyneuropathy), 

rate of glucose level reduction, age and level of 

counterregulatory response.

• Children are more sensitive for hypoglycemia -

counterregulatory hormones secretion start at 

glycemia 68 mg/dl (3,8 mmol/l), whereas in 

adults at 56 mg/dl (3,1mmol/l).

Counterregulatory response 

hormones:

• Glucagon (increase glycemia by releasing 

glucose from hepatic glycogen)

• Catecholamines (glycogen, adipose tissue 

and proteins breakdown)

• Cortisol (inhibiting glucose uptake, 

stimulating adipose tissue and proteins 

breakdown)

• Growth hormone (inhibiting glucose 

utilization and stimulating adipose tissue 

metabolism)

165

166



20.03.2020

agnieszka.zubkiewicz-

kucharska@umed.wroc.pl 70

Hypoglycemia 

1. Early (warning) symptoms: trembling, 

sweat, starvation, tingling sensation, 

headache.

2. Light neuroglycopenia: double vision, 

indistinct speech, concentration difficulties

3. Severe neuroglycopenia: violent/unusual 

behavior, disorientation

4. Loss of consciousness: hemiparesis, 

seizures

Treatment of hypoglycemia
• Light and intermediate, if the patient is 

conscious: glucose, juice, jelly, a sandwich 
afterwards

• Severe: the patient is unconscious: glucagon 
0,01mg/kg body mass. Action profile – onset 10 
-15’, duration 30-60’

• When the patient become conscious: glucose, 
juice, jelly, a sandwich.

• Adverse effect of glucagon – nausea, vomiting

• No effect of glucagone if: glycogen reserve is 
low (exercises, frequent hypoglycemias, 
starvation), alcohol intake, over dosage of 
insulin.
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BAQSIMI – glucagon nasal powder

ATTD 2020 Madrid

ATTD 2020 Madrid
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Goals of insulin therapy in children:

• Appropriate growth and psychomotor 

development

• Appropriate social development

• Appropriate personal development

• To lower the risk of complications

Goals

– Near-normoglycemia

– As few hypos as possible
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DM EPIDEMIOLOGY IN POLAND

W.  Fendler i wsp. Diabetologia (2012) 55:2631–2635

DM1

MODY

DM2

CFRD

Diabetes differentials in youths

PND

TND

MODY

Typ 2

MIDD

Zespoły 

genetyczne

T1D

MODY

Other

• GCK
• HNF1a

• T2DM

• CFDR

• T/PNDM

• MIDD

• Genetic syndromes

To be discussed during the lecture in May (hopefully) ;-)
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