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Diabetes by Age

123 million over 65 years
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253 million over 65 years 438 million 20-64 years

IDF Diabetes Atlas 8E ExSummary, file:///C:/Users/EN/Downloads/IDF%20Diabetes%20Atlas%208E%20ExSummary.pdf
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American Diabetes Association. Classification and diagnosis of diabetes mellitus. Diabetes Care 2017; 40 (Suppl 1): S11-24.
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B 100-125 mg/dL (5.6-6.9 mmol/L)
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IGT: Impaired glucose tolerance
IFG: Impaired fasting glucose
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ICA: Islet Cell Cytoplasmic Autoantibodies; GADA: Glutamic Acid Decarboxylase Autoantibodies; IA-2A: Insulinoma-Associated-2 Autoantibodies; IAA: Insulin
Autoantibodies; ZnT8Ab: Zinc Transporter 8 Autoantibodies
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« 0 min plasma C-peptide <0.5 ng/ml
« 6 min plasma C-peptide <1.8 ng/ml
« Change of plasma C-peptide <0.7 ng/ml|

5 C-peptidei=E B E TR 5 FE?EE% AL
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« 0 min plasma C-peptide <2.1 ng/ml

« 6 min plasma C-peptide <3.3 ng/ml

Madsbad S et al., Acta Med Scand, 1981. 210(3): p. 153-6; Juang JH et al., Taiwan Yi Xue Hui Za Zhi 1989. 88(6): p. 579-83
Davis A et al., Diabetes Care 2015. 38:p.476-481; Szendroedi J et al., Cardiovasc Diabetol 2016. 15:59

Paschke A et al., Polskie Archiwum Medycyny Wewnetrznej 2013. 123:p401-40; Tung YC et al., Eur J Pediatr 2008. 167: p. 801-5
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CLASSIFICATION
Diabetes can be classified into the following general categories:

1. Type 1 diabetes (due to autoimmune [3-cell destruction, usually leading to abso-
lute insulin deficiency, including latent autoimmune diabetes of adulthood)

2. Type 2 diabetes (due to a progressive loss of adequate [-cell insulin secretion
frequently on the background of insulin resistance)

3. Specific types of diabetes due to other causes, e.g., monogenic diabetes syn-
dromes (such as neonatal diabetes and maturity-onset diabetes of the young),
diseases of the exocrine pancreas (such as cystic fibrosis and pancreatitis),
and drug- or chemical-induced diabetes (such as with glucocorticoid use, in
the treatment of HIV/AIDS, or after organ transplantation)

4. Gestational diabetes mellitus (diabetes diagnosed in the second or third tri-
mester of pregnancy that was not clearly overt diabetes prior to gestation)

This section reviews most common forms of diabetes but is not comprehensive. For
additional information, see the American Diabetes Association (ADA) position state-
ment “Diagnosis and Classification of Diabetes Mellitus” (1).

AMERICAN DIABETES ASSOCIATION

STANDARDS OF
MEDICAL CARE
IN DIABETES—2022
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Definition and Description of Diabetes Mellitus

Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting from defects in
insulin secretion, insulin action, or both. The chronic hyperglycemia of diabetes is associated with
long-term damage, dysfunction, and failure of different organs, especially the eyes, kidneys, nerves,

heart, and blood vessels.

Several pathogenic processes are involved in the development of diabetes. These range from
autoimmune destruction of the pancreatic B-cells with consequent insulin deficiency to abnormalities
that result in resistance to insulin action. The basis of the abnormalities in carbohydrate, fat, and
protein metabolism in diabetes is deficient action of insulin on target tissues. Deficient insulin action
results from inadequate insulin secretion and/or diminished tissue responses to insulin at one or more
points in the complex pathways of hormone action. Impairment of insulin secretion and defects in
insulin action frequently coexist in the same patient, and it is often unclear which abnormality, if either

alone, is the primary cause of the hyperglycemia.
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Table 1—Etiologic classification of diabetes mellitus
Type 1 diabetes (B-cell destruction, usually leading to absolute insulin deficiency)

Il. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)

A. Immune mediated
B. Idiopathic

Other specific types
A. Genetic defects of B-cell function
1. MODY 3 (Chromosome 12, HNF-1a)
2. MODY 1 (Chromosome 20, HNF-4q)
3. MODY 2 (Chromosome 7, glucokinase)
4

X
A

. Other very rare forms of MODY (e.g., MODY 4: Chromosome 13, insulin promoter factor-1;

MODY 6: Chromosome 2, NeuroD1; MODY 7: Chromosome 9, carboxyl ester lipase)
Transient neonatal diabetes (most commonly ZAC/HYAMI imprinting defect on 6q24)
Permanent neonatal diabetes (most commonly KCNJ11 gene encoding Kir6.2

i

subunit of B-cell Kxrp channel)
7. Mitochondrial DNA
8. Others

B. Genetic defects in insulin action
Type A insulin resistance
Leprechaunism
Rabson-Mendenhall syndrome
Lipoatrophic diabetes

Others

iseases of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasia

Cystic fibrosis
Hemochromatosis
Fibrocalculous pancreatopathy
Others

ndocrinopathies
Acromegaly
Cushing’s syndrome
Glucagonoma
Pheochromocytoma
Hyperthyroidism
Somatostatinoma
Aldosteronoma
Others

PO Py UL B W = N QY S D I C) U . N

E. Drug or chemical induced

10.
11,

S0 Do/t L g (A

Vacor
Pentamidine
Nicotinic acid
Glucocorticoids
Thyroid hormone
Diazoxide
B-Adrenergic agonists
Thiazides
Dilantin
vy-Interferon
Others

F. Infections
1. Congenital rubella
2. Cytomegalovirus
3. Others

G. Uncommon forms of immune-mediated diabetes
1. Stiff-man syndrome
2. Anti-insulin receptor antibodies
3. Others

H. Other genetic syndromes sometimes associated with diabetes

10.
1.
IV. Gestational diabetes mellitus

000 NI AR D) B

Down syndrome
Klinefelter syndrome
Turner syndrome
Wolfram syndrome
Friedreich ataxia
Huntington chorea
Laurence-Moon-Biedl syndrome
Myotonic dystrophy
Porphyria

Prader-Willi syndrome
Others

Patients with any form of diabetes may require insulin treatment at some stage of their disease.
Such use of insulin does not, of itself, classify the patient.

Diabetes Care 2014;37(Supplement_1):S81-S90
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Table 1—Etiologic classification of diabetes mellitus E. Drug or chemical induced

I. Type 1 diabetes (B-cell destruction, usually leading to absolute insulin deficiency) 1. Vacor
A. Immune mediated 2. Pentamidine
B. Idiopathic S TIEORBIC ?c'(.j
= : — - : . 4. Glucocorticoids
Il. Type 2 diabetes (may range from predominantly insulin resistance with relative 5. Thyroid hormone
insulin deficiency to a predominantly secretory defect with insulin resistance) 6: Diszoxide
Ill. Other specific types 7. PB-Adrenergic agonists
A. Genetic defects of 3-cell function 8. Thiazides
1. MODY 3 (Chromosome 12, HNF-1a) 9. Dilantin
2. MODY 1 (Chromosome 20, HNF-4q) 10. vy-Interferon
3. MODY 2 (Chromosome 7, glucokinase) 11. Others
4. Other very rare forms of MODY (e.g., MODY 4: Chromosome 13, insulin promoter factor-1; F. Infections
MODY 6: Chromosome 2, NeuroD1; MODY 7: Chromosome 9, carboxyl ester lipase) 1. Congenital rubella
5. Transient neonatal diabetes (most commonly ZAC/HYAMI imprinting defect on 6q24) 2. Cytomegalovirus
6. Permanent neonatal diabetes (most commonly KCNJ11 gene encoding Kir6.2 3. Others
subunit of B-cell K, channel) G. Uncommon forms of immune-mediated diabetes
7. Mitochondrial DNA 1. Stiff-man syndrome
8. Others 2. Anti-insulin receptor antibodies
B. Genetic defects in insulin action 3. Others
1. Type A insulin resistance H. Other genetic syndromes sometimes associated with diabetes
2. Leprechaunism 1. Down syndrome
3. Rabson-Mendenhall syndrome 2. Klinefelter syndrome
4. Lipoatrophic diabetes 3. Turner syndrome
5. Others 4. Wolfram syndrome
C. Diseases of the exocrine pancreas 5. Friedreich ataxia
1. Pancreatitis 6. Huntington chorea
2. Trauma/pancreatectomy 7. Laurence-Moon-Biedl syndrome
3. Neoplasia 8. Myotonic dystrophy
4. Cystic fibrosis 9. Porphyria
5. Hemochromatosis 10. Prader-Willi syndrome
6. Fibrocalculous pancreatopathy 11. Others
7. Others IV. Gestational diabetes mellitus
2 E’Id:ccrrcl)::):;atsles Patients with any form of diabetes may require insulin treatment at some stage of their disease.
2. Cushing’s syndrome Such use of insulin does not, of itself, classify the patient.
3. Glucagonoma
4. Pheochromocytoma
5. Hyperthyroidism
6. Somatostatinoma
7. Aldosteronoma
8. Others

Diabetes Care 2014;37(Supplement_1):S81-S90
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Table 1—Etiologic classification of diabetes mellitus

I. Type 1 diabetes (B-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

Il. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)

Ill. Other specific types
A. Genetic defects of B-cell function

1. MODY 3 (Chromosome 12, HNF-1a)

2. MODY 1 (Chromosome 20, HNF-4q)

3. MODY 2 (Chromosome 7, glucokinase)

4. Other very rare forms of MODY (e.g., MODY 4: Chromosome 13, insulin promoter factor-1;
MODY 6: Chromosome 2, NeuroD1; MODY 7: Chromosome 9, carboxyl ester lipase)
Transient neonatal diabetes (most commonly ZAC/HYAMI imprinting defect on 6q24)
Permanent neonatal diabetes (most commonly KCNJ11 gene encoding Kir6.2
subunit of B-cell Kxrp channel)
7. Mitochondrial DNA
8. Others

B. Genetic defects in insulin action
Type A insulin resistance
Leprechaunism
Rabson-Mendenhall syndrome
Lipoatrophic diabetes

Others

iseases of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasia

Cystic fibrosis
Hemochromatosis
Fibrocalculous pancreatopathy
Others

ndocrinopathies
Acromegaly
Cushing’s syndrome
Glucagonoma
Pheochromocytoma
Hyperthyroidism
Somatostatinoma
Aldosteronoma
Others

i
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E. Drug or chemical induced
. Vacor

. Pentamidine
Nicotinic acid

. Glucocorticoids

. Thyroid hormone

. Diazoxide

. B-Adrenergic agonists
Thiazides

Dilantin

10. +y-Interferon

11. Others

F. Infections
1. Congenital rubella
2. Cytomegalovirus
3. Others

G. Uncommon forms of immune-mediated diabetes
1. Stiff-man syndrome
2. Anti-insulin receptor antibodies
3. Others

H. Other genetic syndromes sometimes associated with diabetes
Down syndrome
Klinefelter syndrome
Turner syndrome
Wolfram syndrome
Friedreich ataxia
Huntington chorea
Laurence-Moon-Biedl syndrome
Myotonic dystrophy
Porphyria
10. Prader-Willi syndrome
11. Others
IV. Gestational diabetes mellitus
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Patients with any form of diabetes may require insulin treatment at some stage of their disease.
Such use of insulin does not, of itself, classify the patient.

Diabetes Care 2014;37(Supplement_1):S81-S90
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Type 2 diabetes (T2D) has been associated with hepatitis C virus (HCV) infection as an independent
risk factor. The increased insulin resistance induced by the HCV core protein or the treatment with
interferon-based therapy (IBT) may have a role (1). It is generally agreed that IBT for patients with
chronic hepatitis C (CHC) may trigger short-term insulin resistance. However, the long-term risk of
developing T2D for CHC patients with IBT remains unclear. Studies suggested that if viral clearance is
achieved after IBT, the risk of T2D might be reduced by two-thirds in CHC patients (2,3). An Italian
study argued that a lower insulin resistance at baseline may be the reason for reduced risk of T2D (4).
We therefore conducted a retrospective cohort study, using insurance claims data of Taiwan, to
examine 7) whether CHC patients are at an elevated risk of developing T2D and 2) whether CHC
patients receiving IBT are at a reduced risk of T2D, not only through viral clearance but also through

possible alterations of glucose metabolism.
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OBJECTIVE

Type 1 diabetes (T1D) has been linked to enterovirus infection in small population-based
epidemiological studies. We investigated the secular relationship of T1D incidence with enterovirus
infection and enterovirus species using nationwide population-based analysis.

RESEARCH DESIGN AND METHODS

We accessed the National Health Insurance Research Database of Taiwan to identify T1D and
enterovirus infection cases from 2001 to 2015. Enterovirus serotype isolation rates were obtained from
the nationwide laboratory surveillance systems. Negative binomial regression models assessed the
incidence trend, and extended Cox proportional hazards models analyzed the association of
enterovirus infection with T1D incidence. Spearman correlation coefficients evaluated the correlation
between T1D incidence and circulating enterovirus species.
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Impact of Impact of Concerns about
glucose control  medications on  vaccine efficacy
on prognosis of prognosis of in patients with

COVID-19 COVID-19 diabetes
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Figure 1 | The bidirectional relationship between diabetes and coronavirus disease 2019 (COVID-
19). The impact of the diabetes pandemic on the COVID-19 pandemic includes: the association
of glucose control and medication use with the prognosis of COVID-19; and the potential
concerns about COVID-19 vaccine efficacy in patients with diabetes. The impact of the COVID-19
pandemic on the diabetes pandemic includes: the health care system, such as diabetes-related
acute care; the lifestyle of patients with diabetes; catalyzing the implementation of diabetes
technology; and the potential concerns about new-onset diabetes after COVID-19.
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metabolism *Hyperglycemia
*Chronic Inflammation
*Hypercoagulation
*Oxidative Stress

*Inflammation
*Hypercoagulation
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Diabetes
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FIGURE 1 | The vicious cycle between diabetes mellitus, hyperglycemia, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
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Table 1—Etiologic classification of diabetes mellitus

I. Type 1 diabetes (B-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

Il. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)

Ill. Other specific types
A. Genetic defects of B-cell function

1. MODY 3 (Chromosome 12, HNF-1a)

2. MODY 1 (Chromosome 20, HNF-4q)

3. MODY 2 (Chromosome 7, glucokinase)

4. Other very rare forms of MODY (e.g., MODY 4: Chromosome 13, insulin promoter factor-1;
MODY 6: Chromosome 2, NeuroD1; MODY 7: Chromosome 9, carboxyl ester lipase)
Transient neonatal diabetes (most commonly ZAC/HYAMI imprinting defect on 6q24)
Permanent neonatal diabetes (most commonly KCNJ11 gene encoding Kir6.2
subunit of B-cell Kxrp channel)
7. Mitochondrial DNA
8. Others

B. Genetic defects in insulin action
Type A insulin resistance
Leprechaunism
Rabson-Mendenhall syndrome
Lipoatrophic diabetes

Others

iseases of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neoplasia

Cystic fibrosis
Hemochromatosis
Fibrocalculous pancreatopathy
Others

ndocrinopathies
Acromegaly
Cushing’s syndrome
Glucagonoma
Pheochromocytoma
Hyperthyroidism
Somatostatinoma
Aldosteronoma
Others

i
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E. Drug or chemical induced
Vacor

Pentamidine
Nicotinic acid
Glucocorticoids
Thyroid hormone
Diazoxide
[B-Adrenergic agonists
Thiazides

Dilantin

10. +y-Interferon

11. Others

F. Infections
1. Congenital rubella
2. Cytomegalovirus
3. Others

G. Uncommon forms of immune-mediated diabetes
1. Stiff-man syndrome
2. Anti-insulin receptor antibodies
3. Others

H. Other genetic syndromes sometimes associated with diabetes
Down syndrome
Klinefelter syndrome
Turner syndrome
Wolfram syndrome
Friedreich ataxia
Huntington chorea
Laurence-Moon-Biedl syndrome
Myotonic dystrophy
Porphyria
10. Prader-Willi syndrome
11. Others
IV. Gestational diabetes mellitus

0 0o Loy da o P

000 NI AR D) B

Patients with any form of diabetes may require insulin treatment at some stage of their disease.
Such use of insulin does not, of itself, classify the patient.

Diabetes Care 2014;37(Supplement_1):S81-S90
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Development of type 1 diabetes in a patient treated with anti-
interleukin-6 receptor antibody for rheumatoid arthritis
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Abstract

Interleukin-6 is a pleiotropic cytokine that plays a pathogenic role in type 1 diabetes.
Therefore, anti-interleukin-6 receptor antibody, tocilizumab, used for the treatment of
rheumatoid arthritis, is considered a candidate for immune intervention in type 1
diabetes. Here, we report the case of a 73-year-old woman (HLA-DR9-DQ3 homozygote)
with well-controlled rheumatoid arthritis who developed type 1 diabetes while receiving
tocilizumab treatment. At 57 years-of-age, the patient was diagnosed with rheumatoid
arthritis, for which she underwent tocilizumab therapy that enabled complete
suppression of her joint inflammation. A total of 17 months after starting tocilizumab
therapy, she noticed polydipsia, polyuria, general fatigue and weight reduction (—2
kg/month), and was diagnosed with type 1 diabetes with diabetic ketoacidosis based on
an arterial pH of 7.26, serum ketone body of 7,437 umol/L, blood glucose level of 925
mg/dL, glycated hemoglobin of 13.2% and the presence of anti-islet autoantibodies. This
case report shows valuable insight regarding the effect of anti-interleukin-6 receptor
antibody therapy on type 1 diabetes prevention.
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Are you at risk for type 2 diabetes?

American
A Diabetes
-Association.

Connected for Life

Diabetes Risk Test: it
J Height Weight (Ibs.)
1. How old are you? ..........ccccevciiimniiiiinnninisniessneinnens 410" | 119-142  143-190 191+
Less than 40 years (0 points) 411" | 124-147  148-197 198+

R i 50" | 128-152  153-203 204+

50-59 years (2 poxnt§) 51" 132-157  158-210 211+
60 years or older (3 points)
g 136-163  164-217 218+
2. Are you a man or a WOmMan? ..........cccceceeervennninns 53 141-168  169-224 225+
Man (1 point) Woman (0 points) 54" 145-173  174-231 232+
58" 150-179 180-239 240+
3. If you are a woman, have you ever been : "
diagnosed with gestational diabetes?.................. 5@ | 155186 186246 247+
Yes (1 point) No (0 points) P |ca98100)  (9U:2SH | 2h
5'8" 164-196 | 197-261 262+
4. Do you have a mother, father, sister or brother 590 | 169202 203269 | 270+
with Babele8? ........ic.cccicininiimmminsnssisisg g 510" | 174-208 209277 278+
Yes (1 point) No (0 points) 511" | 170-214 215-285 286+
5. Have you ever been diagnosed with high 6'0" | 184-220 221-203 204+
DICOH PIOBBUMBY ....cciuiivisiisiinivivmsnssisimsissasisassa 61" 189-226  227-301 302+
Yes (1 point) No (0 points) 6'2" 194-232 233-310 311+
6. A ically active? 6'3" 200-239  240-318 319+
.Yre )({)ou.physca y a veN 1 ........................... 6 & 205-045  248-327 228+
o0,k pen) 0 (1 pol) 1 point l 2 points ] 3 points
7. What is your mlght category? ............................. < _______ If you weigh less than the amount in
See chart at right. the left column: 0 points
\1/ Adapted from Bang et al., Ann Intern Med
ADD UP 151:775-783, 2009 + Original algorithm was validated
YOUR SCORE. without gestational diabetes as part of the model.

If you scored 5 or higher:

You are at increased risk for having type 2 diabetes.
However, only your doctor can tell for sure if you do
have type 2 diabetes or prediabetes, a condition in
which blood glucose levels are higher than normal
but not yet high enough to be diagnosed as diabetes.
Talk to your doctor to see if additional testing is needed.

If you are at high risk, your first step is to

TYPe 2'd|abet.es is mo(e oomm?n in Amc.an Ameﬂ_cans' visit your doctor to see if additional testing
Hispanics/Latinos, Native Americans, Asian Americans, s naeded.
and Native Hawaiians and Pacific Islanders.

ywer Your Risl

The good news is you can manage your
risk for type 2 diabetes. Small steps make
a big difference in helping you live a longer,
healthier life

Visit diabetes.org or call 1-800-DIABETES
(800-342-2383) for information, tips on

getting started, and ideas for simple, small
steps you can take to help lower your risk

Higher body weight increases diabetes risk for everyone.
Asian Americans are at increased diabetes risk at lower
body weight than the rest of the general public (about 15
pounds lower).

Learn more at diabetes.org/risktest | 1-800-DIABETES (800-342-2383)

Figure 2.1—ADA risk test (diabetes.org/socrisktest).
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@ JE{EMEE (HbA,) <7.0% (BEBMLES)
ZE 8 (Z AU) [vE 80-130 mg/dL
MmiEE&= 2% 12/M\SIMEE

80-160 mg/dL

« BRMOBEESBSRNL R

« BRMBZEGBERZZRNS 160 mg/dL - DIBIKREBE 72012 EESMIEIES” -
o PR B FR B Bt 28 (IDF) ” 2011 Guideline for Management of PostMeal Glucose in
Diabetes” ZZZB1E—2 -
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BERS/ES 1 RERKNY ") A
I 3 42251 AP

@ Zc B 1 ¥ 90-130 mg/dL
i g [ 90-150 mg/dL
MmEBR A1C <7.5%

« AEEBEEXRBRBEAERBENME (individualized) * HEMEN 1B ED ES
E’JEBEEW o]ZEBEREEHEE (ex. HbA,  <7%) °

« WIRERAEEME BEFRANENEMESMEESH AN - AIEZ0EENE -
7 O] =& 2 426 45 [N & B2 ,EIJ (CGM) °

« TEHS basal-bolus RERABENZE - SZEEMHMEE HbA, WERA—BUE -
ZEZERACERIMEE -
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Table 6.1—Estimated average glucose
(eAG)

A1C (%) mg/dL* mmol/L

5 97 (76-120) 5.4 (4.2-6.7)
6 126 (100-152) 7.0 (5.5-8.5)
7 154 (123-185) 8.6 (6.8-10.3)
8 183 (147-217) 10.2 (8.1-12.1)
9 212 (170-249) 11.8 (9.4-13.9)
10 240 (193-282) 13.4 (10.7-15.7)
1 269 (217-314) 14.9 (12.0-17.5)
12 298 (240-347) 16.5 (13.3-19.3)

Data in parentheses are 95% CI. A calcula-
tor for converting A1C results into eAG, in
either mg/dL or mmol/L, is available at
professional.diabetes.org/eAG. *These esti-
mates are based on ADAG data of ~2,700
glucose measurements over 3 months per
A1C measurement in 507 adults with type
1, type 2, or no diabetes. The correlation
between A1C and average glucose was
0.92 (12,13). Adapted from Nathan et al.
(12).

Table 6.2—Standardized CGM metrics for clinical care
1. Number of days CGM device is worn (recommend 14 days)

2. Percentage of time CGM device is active (recommend 70% of
data from 14 days)

3. Mean glucose

4. Glucose management indicator

5. Glycemic variability (%CV) target =36%*

6. TAR: % of readings and time >250 mg/dL (>13.9 mmol/L) Level 2 hyperglycemia

7. TAR: % of readings and time 181-250 mg/dL Level 1 hyperglycemia
(10.1-13.9 mmol/L)

8. TIR: % of readings and time 70-180 mg/dL (3.9-10.0 mmol/L) In range

9. TBR: % of readings and time 54—69 mg/dL (3.0-3.8 mmol/L) Level 1 hypoglycemia

10. TBR: % of readings and time <54 mg/dL (<3.0 mmol/L) Level 2 hypoglycemia

CGM, continuous glucose monitoring; CV, coefficient of variation; TAR, time above range;
TBR, time below range; TIR, time in range. *Some studies suggest that lower %CV targets
(<33%) provide additional protection against hypoglycemia for those receiving insulin or
sulfonylureas. Adapted from Battelino et al. (34).
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Ambulatory Glucose Profile (AGP)

AGP is a summary of glucose values from the report period, with median (50%) and other percentiles shown as if they occurred in a single day.

250 ! _ 75:/0
Target
Range

12am 3am 6am 9am 12pm 3pm 6pm 9pm 12am
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Approach to Individualization of Glycemic Targets
Patient / Disease Features More stringent &= AIC 7% == |ess stringent

Risks potentially associated
with hypoglycemia and
other drug adverse effects high
Di d ti — 5
IS@ase auration newly diagnosed long-standing 5
<
3
o)
-~
Life expectancy P short g
] - - o
( / =
o I m
g
Important biditi °
mportant comorbiaities absent few / mild severe
complications absent few / mild severe
| O
e]
_ o
Patient pref =
AHSNUPICISISNCS highly motivated, excellent preference for less | &
self-care capabilities burdensome therapy |<
|
system readily available limited | %

Figure 6.2—Patient and disease factors used to determine optimal glycemic targets. Character-
istics and predicaments toward the left justify more stringent efforts to lower A1C; those
toward the right suggest less stringent efforts. A1C 7% = 53 mmol/mol. Adapted with permis-
sion from Inzucchi et al. (68).
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Table 6.3—Summary of glycemic recommendations for many nonpregnant adults
with diabetes

A1C <7.0% (53 mmol/mol)*#
Preprandial capillary plasma glucose 80-130 mg/dL* (4.4-7.2 mmol/L)
Peak postprandial capillary plasma glucoset <180 mg/dL* (10.0 mmol/L)

*More or less stringent glycemic goals. may be appropriate for individual patients. #CGM
may be used to assess glycemic target as noted in Recommendation 6.5b and Fig. 6.1. Goals
should be individualized based on duration of diabetes, age/life expectancy, comorbid condi-
tions, known CVD or advanced microvascular complications, hypoglycemia unawareness,
and individual patient considerations (as per Fig.6.2). tPostprandial glucose may be targeted
if A1C goals are not met despite reaching preprandial glucose goals. Postprandial glucose
measurements should be made 1-2 h after the beginning of the meal, generally peak levels
in patients with diabetes.
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Table 6.4—Classification of hypoglycemia

Glycemic criteria/description

Level 1 Glucose <70 mg/dL (3.9 mmol/L) and =54 mg/dL (3.0 mmol/L)
Level 2 Glucose <54 mg/dL (3.0 mmol/L)
Level 3 A severe event characterized by altered mental and/or physical

status requiring assistance for treatment of hypoglycemia

Reprinted from Agiostratidou et al. (72).
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+ASCVD/INDICATORS
OF HIGH RISK*

SGLT2i
with proven
benefit in this
population’'

= For patients cn a
GLP=-1 RA, censider
incorporating SGLT2|
with proven CVD
benefit and vice versa’

. T207

. 4

aAbuminuria
(e.g.. eGFR <80
mU/min/1,73 m9

albbuminuria
(e.g., =200 mg/g
creatinine)

PREFERABLY

SGLT2i with primary gvidance,
of rediicing CKD progression

=2l OR ~&——as-d

SGLT2i with evidence of

GLP-1 RA with proven CVD
benefit' f SGLT2i not tolerated
or contrandicated

For patients with CKD (e.g., eGFR
<60 mL/min/1.73 m?) without
dbuminuria, recommend the

following to decrease cardiovascular
risk

GLP-1 (gmiery \ SOLT2I
RA with OR with

proven proven
C\vD cvo
benefit’ beneft’

v

If A1C above target, for patients on
SGLT2, consider incorporating a
GLP-1 RA anxi vice versa

I A1C remains above target, consider treatment

ion based on cor

patient=centered treatment factors, and management needs

—>

PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES
FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, and
management needs and generally includes metformin and comprehensive lifestyle modification®

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals
Higher glycamic efficacy therapy: GLP-1 RA; insulin; combination approaches (Table 9.2)

*  Consider additional comorbidities, patient-centered treatment factors, and management needs in choice
of therapy, as below:
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ﬂ \’IHGH'I' LOSS
NMow inherent risk of lwpodyou’nn PREFERABLY Available in generic form at lower cost:

DPP-, GLP-1 RA'SGLT2, T2D = Certain insulins: consider insulin

GLP-1 RA with good efficacy for weight bss
avalable at the lowest acquisition cost

For SU or basal nsulin, consider agents with oR
lower ris O'WA soite = SuU
- s TZD
[ IF A1C ABOVE TARGET ' 8 . ‘ S
J 2
Incomorate acditional agents bassd on

. Proven beneft refers to label incication (see Tatle 8.2)

Incorporate additional agents based on
comortidities, patient-centered treatment
factors. and management needs

For patients on a GLP-1 RA, consider
incorporating SGLT2i and vice versa
= I GLP-1 RA not tolerated or indicated,
consider DPP=-4i (weight neutral)

¥

Ihcorporate additional agents based on
comorbidities, patient-centered treatment
factors, and management needs

comorbidites, patient=centarad treatment
factors, and management needs

AFor aduks with overweight or obesity, Kestyle modification fo achieve and maintain =5% weight loss
and 2150 min/week of moderate- 10 vigorous-intensity physice] sctivty is recommaended

(See Section 5: Fachtating Behavior Change and Wellbeing 1o Inprove Health Outcomes),

TActioned whenever these become new clinical considerations regardiess

of background glucosefowening medications,

$Most patiervs envolled in the relevant tiaks were 0n metformin at baselne as glicosedowering therapy
“Refer to Section 10: Cardiovascular Disease and Risk Management,

**Refer t0 Section 11: Chvonic Kidney Disease and Rigk Management and specific mecication

label for 6GFR criteria,

Low dose may be better tolerated though
less well stuchied for CVO effects

Choose later genemation SU to lower rsk of hypoglycomia

Risk of hypoglycemia: deghudec / gdlargine L300
< ghargine U=100 / detemir < NPH insulin

Congider country= and region=specific cos! of drugs
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A Incidence of Complications B Any Microvascular Disease
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Figure 2. Diabetes-Related Complications That Occurred during the Study.
Panel A shows the baseline prevalences and cumulative incidences of hypertension, dyslipidemia (low-density-lipoprotein or triglyceride
dyslipidemia), kidney disease, and nerve disease. Panel B shows the baseline prevalence and cumulative incidence of any microvascular
complication. The dashed lines in Panels A and B indicate the time when the cumulative incidence reached 50%, and the shaded bands
represent 95% confidence intervals. Baseline refers to the time of enrollment in the clinical trial. Panel C shows the numbers of patients
with kidney, nerve, and retinal complications. Panel D shows the years to onset of the first and subsequent (if applicable) microvascular
complications among participants with one, two, or three complications. The bottoms and tops of the boxes represent the first and the
third quartiles, respectively, and the horizontal lines inside the boxes indicate medians. The symbols inside the boxes indicate means,
and the symbols outside the boxes outliers. I bars indicate the minimum and maximum range, excluding outliers.

N Engl J Med 2021; 385:416-426







Normal Wound Healing Non-Healing Diabetic Wound
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Figure 1. Pathophysiology of diabetic wounds. Diabetic wounds exhibit deregulated angiogenesis, chronically sustained
sub-optimal inflammatory response, increased levels of reactive oxygen species, and persistent bacterial colonization that
often develops into a hard-to-treat biofilm. Created with Ziok: | , 29 July 2021.
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( Peripheral arterial disease ) >

o

Loss of protective sensation mmm 4 Unnoticed repetitive trauma

/

A 4

-

SHJ /)N

[Neuropathy]—} Foot deformity/Joint rigidity mmm 4 'Mproperloading, abnormal plantar pressures A

Dry skin and decreased integrity JMemm 4 Cracks and fissures in skin

(|||
\

® Barefoot walking, improper footwear ® Lack of education to health providers
® | ack of education to patients ® | ack of foot protection service

;

>

I i

A 4 \ 4

[ Charcot foot (osteoarthropathy) j 4 Footdeformity

Fig 1| Risk factors and mechanism for foot ulcer and amputation

4 AMPUTATION
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Fig 3| Hammer toe deformity with callus and ulcer. Hammer toe is
caused by weakened muscles in the foot. The joint connecting the
foot with the toe bends upwards and the joint in middle of the toe
bends downwards towards the floor. This results in the toe curling
underthe foot and being subjected to excessive ground reaction

forces during walking.
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Fig 4 | Monofilament test: testing sites and application. The nine plantar sites are the distal
great toe; third toe; fifth toe; first, third, and fifth metatarsal heads; medial foot, lateral
foot, and heel; and one dorsal site




Hyperglycemia

Insulin resistance Dyslipidemia
Neuronal cell

TPolyol pathway

TPKC pathway
THexosamine pathway ~ Mitochondrial dysfunction
Oxidative stress: TROS ER stress
AGE-RAGE
DDA Wt
DNA damage
Microvascular damage Ne:xronall |damage
i onal loss
Werve blood flow = Diabetic neuropathy &= Demyelination

Ischemia/hypoxia

Figure 1 | Mechanisms of diabetic neuropathy. Chronic hyperglycemia induces an excessive activation of the polyol, protein kinase C and
hexosamine pathways. In addition, chronic hyperglycemia leads to an increased production of advanced glycation end-products (AGEs), which
induces functional and structural neuronal damage through interaction with the AGE-specific receptors. Hyperglycemia, insulin resistance and
dyslipidemia contribute synergistically to mitochondrial dysfunction, overproduction of reactive oxygen species, inflammation, endoplasmic
reticulum stress and deoxyribonucleic acid (DNA) damage, leading to neuronal cell damage. Both neuronal damage (demyelination and axonal
loss) and endoneurial microvascular damage cause diabetic neuropathy in people with diabetes. AGE-RAGE, advanced glycation end-product—
specific receptors; ER, endoplasmic reticulum; ROS, reactive oxygen species.
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thebmj Visual summary )

General

Diabetic fOOt Primary care assessment and monitoring

Look for signs of sepsis (@VENVANRYE -Drowsy Abnormal breathing X Abnormal pulse -Fever
assessment

!

Foot examination Check for active disease

Check foot Cold, pale or dusky May indicate ischaemia @ Acute limb or
temperature life threatening

and colour Warm, red or swollen May indicate acute Charcot foot @ problems

@ Check for Deformed nails Macerated web spaces Hallux valgus

lesions and

deformities Rocker bottom foot Fungal infection

Screen for
1 intermittent

peripheral foot pulses s ekl
arterial disease slaudication

\-

Urgent referral
to diabetic foot
centre or general

surgery

P

TR Historv of Ankle brachial index
Absent Posterior tibial artery . b (AB) less than 0.9

L
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A\ Scrgen for Absent History of A&lgg :)racht:al irgdgx
Z.lb) peripheral foot pulses — intermittent ess than 0.
" arterial disease claudication
SRR e sy An‘inability to sense a 10 gram pressure is -I—-
@ of protectlve vr\rllltrr:aglorient the current consensus definition of LOPS
sensation Nt gl Graduated tuning fork
i f
Risk assessment MEDIUM RISK HIGH RISK
(" LOW RISK R Deformity, loss of protective Previous amputation Any two of: loss of
sensation, or peripheral arterial disease or ulceration protective sensation,
— peripheral arterial
"\ Callus @ disease, and lesions
' alone or deformities
\_ J \_
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i 4 R
Risk assessment MEDIUM RISK HIGH RISK
LOW RISK ) Deformity, loss of protective Previous amputation Any two of: loss of
sensation, or peripheral arterial disease or ulceration protective sensation,
peripheral arterial
@ Callus @ @ @ disease, and lesions
alone @ or deformities
- J - 4
"
| ¢
Manage PAD* Routine referral

/\ Urgent referral
Patient education

Glycaemic control
When to seek help

DIABETIC FOOT CENTRE

Foot protection services Surgical management
(—% (—%

Callus debridement Wound debridement

Statins + 1
| antiplatelet
Exercise to
| improve circulation

Modifiable
risk factors

Foot care

Consider referral for |
further investigations
and revascularization

Liaison or ' . .
referral Vascular intervention and orthoses services

* Adapted from NICE
guidance on diabetic
foot and peripheral

Spupson’ o Primary care LOW RISK MEDIUM RISK HIGH RISK

followvp | @O NEZTMD ©) ey -2mons







Abnormal vascular growth

Lateral Rectus Muscle N

A Vitreous body Aneurysm

Sclera 4 : e

Cornea

Iris <

W

Hemorrhage

Pupil

Lens
Optic nerve

v
Ciliary muscles . Macula

Retina
!

Medial Rectus Muscle

Figure 1. Different pathological complications in diabetic retinopathy: Anatomy of complications
faced such as retinal vessel hemorrhage and microaneurysms, abnormal vascular development on
the retinal surface, and the accumulation of yellowish thick fluids towards the middle of the retina
results in edema formation.



Diabetes

Hyperglycemia
--------------------------------------- l-‘ Ad\'alnced ———
Inflamamtion | [Polyol pathway Hexqs:,mnme glycation end Pé,o teimn ‘ku_mse .
: . activation products formation| | & activation !
Biochemical l
mechanisms Oxidative .
stress :
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3 ' ~ ysfunction
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| Increased VEGF, Ang-1, | | Breakdown of blood
| Ang-2. IGF-1 retinal barrier
| ; — Neurodegeneration
| 1 I i}
 Clinically Neovascularizatio | 1
. significant DR " Hypermeability
| 1 | ]
Prgiir:ttige Diabetic Macular
Retinopathy Edema -~ Sight threatening end-point

1 1 l
Diabetic Retionapathy

Figure 2. Diagrammatic synopsis of the pathogenesis and pathophysiology of DR.



Classification

. g

Clinical Benefits

¥

Increased development in |

~

Adverse effects

¥

~

Increase in intraocular pressure,

Drugs
Best-corrected visual acuity
— WA, e o -
| retinal thickness (CRT). mmation. |
Increased progress in best-
» | corrected visual acuity (BCVA) Conjunctivel hemorrhage
in treating DME. elevation in intraocular pressure.
% - Increased BCVA Mmj Elevation in intraocular pressure, |
Anti-vascular ondotholml] | R DME vitreous | rhage,
growth factor (VEGF). J and PDR. inflammation.
s >
‘:"‘-" laser, :‘:" is .I greater | [ Elevation in intraocular pressure, |
thickness (CRT) and a better vitr nOsH """:’.‘Jﬂ"‘!‘
median visual acuity | _ mms - J
- | e
. . 2 RT) | visual acuity reduced.
Anti-angiogenic ) L )
S

1

! / ' (Anti-Ang-2)

[ Non-specific ]/

anti-angiogenic

N ROG6867461

(bispecific antibody: anti.
ang.2 + nd-\'t(;!.).

When compared to other anti-
angiogenic medicines, there were no
new safety indications,

No additional safety signals have
been noticed, indicating that it is
well tolerated

Figure 5. Anti-angiogenic drugs for the treatment of diabetic retinopathy (DR) [10].




e S i A solution administered once or twice a
; month by invitreal route.
Anti-vascular P
endothelial growth | 3 oy A solution administered every four weeks
/| factor (VEGF) {'x e by invitreal route.
antibody. \
A szolution, injected every four weeks for
“ Aflibercept the first five injections, after that, every
Dru Mechanizm of |/ eight weeks by invitreal route.
g action
X A biodegradable implant administered
Dexamethasone every 3-6 months by invitreal route..
Anti-inflammatory
corticosteroid
Fluocinolone) A non-b.iodegradable iz.npl.an( administered
3 times a year by invitreal route..

Figure 4. Summary of the treatments for diabetic macular edema that are currently available in the
market [80].







Chronic Kidney Disease and the Risks of
Cardiovascular Events
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No. of Events 73,108 34,690 18,580 8809 3324
Ref:N Engl J Med 2004;351:1296-305.



SGLT2 Inhibitors

!

Diabetic Kidney Disease
Inflamation
Oxidative Stress

fd Y

|Restoration of SIRT 3 ” HIF- 1(1]

! !

¢:Aberrant glycolysis|| Induction of hypoxia-induced gens

! !

'f Erythropoesis|/™® | Multidirectional tissue protection

Figure 1. Interaction between SGLT2 inhibition, HIFlx and tissue protection in diabetic
kidney disease.



1+ eNOS downregulation > NO $ = > endothelial dysfunction

{

," renovascular stimulation of renal afferent
4 +epP > | resistance ” sensory nerves -~ GFRy

[ |

’ |

X\ +feedback P4
Diabetes 1 \ > S e

' norepinephrine
+ f DKD

Smoking "““\ /

| heparan sulphate $ » dysfunctional GBM filtration - > thickened GBM

]
'
\

| nACHR activation f apoptosis of podocytes & proximal tubular cells

, 4 Ros
4 » 4AGE — v Olutathione reductase > 4 fibronectin
* 4RNS N
» oxLDL \
P LDL? ' f ‘ "
y v lipoprotein lipase > VLDL4 > fatty streak »  atherosclerosis
/ s e
\ » SREBP-1 4 '
* dysfunctional HOL 4

FIGURE 1 | The mechanistic pathway of the role of smoking and diabetes in the progression of diabetic kidney disease. eNOS, Endothelial nitric oxide synthase; NO,
Nitric oxide; BP, Blood pressure; GFR, Glomerular Filtration Rate; DKD, Diabetic Kidney Disease; GBM, Glomerular basement membrane; nAChR, Nicotinic acetylcholine
receptor; ROS, Reactive oxygen species; RNS, Reactive nitrogen species; AGE, Advanced glycation end products; LDL, Low-density lipoprotein; VLDL, Very Low Density
Lipoprotein; TG, Triglyceride; oxLDL, oxidized Low-density lipoprotein; SREBP-1, sterol regulatory element binding protein-1; HDL, High-density lipoprotein.







¥V CAMKII
WV Fibrosis

¥ NCX Y Arrhythmia

WV NHE1

WV Hypertrophy gene
WV Fibrosis

Anti-inflammation

Y Arrhythmia

A Renal function
V¥ Uremictoxins

A EPO (O, delivery)

WV Interstitial fluid
A\ Uricosuric

A Autophagy
/Mitophagy

WV NLRP3
V¥ Inflammasome

A Insulin sensitivity

A SIRT1 activation

Adipokine regulation

A Energetics
A FA & KB utilization
A SCOT

WV SNA

A Provascular
progenitor cells

Figure 4. Direct (red) myocardial and indirect/systemic (blue) effects of SGLT2i: the cardioprotective
effect of SGLT2i. SGLT2i could alleviate cardiac fibrosis by modulating autophagy and inflammation.
SGLT2i also indirectly alleviates cardiac injury by modulating metabolism and the sympathetic tone.
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