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1.Appreciate the pathophysiology of different causes of diabetes and
LEARN'NG their classification

OBJ ECTl\/ES 2.Understand the clinical importance of appropriate aetiological
classification of diabetes

AGENDA

What is diabetes?

How does diabetes mellitus occur?

Why is diabetes mellitus important?
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AGENDA

How does diabetes mellitus occur?

Why is diabetes mellitus important?

diabaino

AIABAINS?

Demetrius of Apameia (c.150BC)

never stops making water, but

the flow is incessant, as if from the opening

of aqueducts

‘I‘omc language term - fluid does not remain in the body, but
to pass or run
through/ =15 iyl = uses the man’s body as a ladder, whereby to

leave it

HORMONES 2012, 11(1):109-113
AM J KID DIS 2010;56:1175
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Sweet Honey John Rollo (1797) added mellitus (honey) to diabetes as a descriptor

XXVIL Experiments and Olfervations on
the Urize in a Diabetes, by Matthew
Dobfon, M. D. of Liverpool; conmmmni-
ccted by Dr. Fothergill,

OME authors, efpecially the Englith,

have remarked, that the urine in the
diabetes is fweet.  Others, on the con-
trary, deny the exiftence of this quality,
and confequently exclude it from being a
chara&teriftic of the difeafe. So far as
my own experience has extended, and I
have met with nine perfons who were af-
fli¢ted with the diabetes, the urine has zl-
ways been fiveet in a greater or lefs degree,
and particularly fo in the cafe of the fol-
lowing patient.

DIABETES

On the other hand, a learned and justly celebrated professor, the
very ingenious [William Cullen (1710-1790)], assures me, that

-, agreeable to what has been observed by foreign

writers

Matthew Dobson (1732-1784)

Manneken-Pis (Brussels)

AM J KID DIS 2010;56:1175
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DIABETES
e 47" EXCESS URINATION

EXCESS THIRST
| DEHYDRATION

9
DIABETES
= EXCESS URINATION
EXCESS THIRST
| DEHYDRATION
METABOLIC NEUROHORMONAL
Radiopedia
10
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DIABETES
g "~ EXCESS URINATION

- EXCESS THIRST
Ly j DEHYDRATION

METABOLIC

MELLITUS

11
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What is diabetes?
How does diabetes mellitus occur?

Why is diabetes mellitus important?
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Diabetes MELLITUS: HOW?

Polyuria

=

Glucosuria

13

Polyuria

Physiological Role of the Kidney
+ Contribute to maintaining:

* intravascular volume

* electrolytes

* acid-base balance

* glucose homeostasis

* How?
* Filtration
* Secretion
+ Selective reabsorption

Glucose appears in urine when tubular resorption capacity is exceeded.
* Basal capacity is 19.5mmol/min

» Can increase capacity to max of ~23.3mmol/min

Threshold BGL is ~10-1Tmmol/L

RENAL
CORPUSCLE DISTAL CONVULTED

TUBULE

PROXIMAL
CONVULTED
TUBULE

Glucose m——p
~160g/d ( ~
$i:8% S3 Segment
Segment
CORTEX 10%
77777 90% reabsorption  reabsorption
y SGLT-2 By SGLT-1

OUTER MEDULLA
SGLTs in proximal tubules actively
transport glucose out of the lumen into

the tubular cells COLLECTION

puct

LOOP OF
HENLE

!

No
Glucose

<<1% of filtered load in urine
(~0.25mg/mL)

Washington University
Kidney International 2011; 79(5120):S1
Int. J. Mol. Sci. 2021, 22(23), 12677

14
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Polyuria

f

T | -

Glucosuria

)
Excess filtered glucose
@Kidney

15
Insulin is a master regulator of metabolism.
‘MAINTENANCE OF NORMAL GLUCOSE HOMEOSTASIS‘
ADIPOCYTE
Pl PI. /\
L %Uwﬁf
HGP = hepatic glucose pr%
4 —U Insulln —
- Glucago?} cﬂggﬁ:j
-
ﬁNo
ARTERY
Fig. 1. Overview of insulin's effect on glucose metabolism.
Metabolism Clinical and Experimental 129 (2022) 155142
16
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Insulin is a master regulator of metabolism.
IMAINTENANCE OF NORMAL GLUCOSE HOMEOSTASIS|

ADIPOCYTE
Plasma A ﬂPlasma
FFA 4

HGP = hepatic glucose production R

Leng

IS,

/\ Glucose

Lf Glucose

ARTERY

Fig. 1. Overview of insulin's effect on glucose metabolism.

Metabolism Clinical and Experimental 129 (2022) 155142
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Insulin is a master regulator of metabolism.
‘MAINTENANCE OF NORMAL GLUCOSE HOMEOSTASIS‘
ADIPOCYTE ~
Pl FARAm.
HGP = hepatic glucos
Glucose
fggAUpta
—U Insulin 4
| Glucagon‘/ i cﬂggﬁ:j
@ ;Eé@ Lf Glucose
ﬁNO Glucose
ARTERY
Fig. 1. Overview of insulin's effect on glucose metabolism.
Metabolism Clinical and Experimental 129 (2022) 155142
18
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Diabetes MELLITUS: HOW?

’
Defect in Insulin Production/Secretion
Defect in Insulin Action -

Defect in Insulin

Excess glucose in blood

a

Tubular Defect

Excess filtered gluce@ Kidney

‘ Glucosuria

Polyuria

—

19
glucose
D Glut2
insulin
SULFONYLUREA(-) b
Ky rp channels @8
KaTp (ATP-sensitive potassium) channel comprises:
4 x Kir6.2 subunits + 1 x SURT (ATP/ADP sensing) regulatory unit.
- High ATP/ADP closes channel = No K efflux - depolarisation Physiol Rev. 2018 Jan 1; 98(1): 117-214.
- Voltage dependent Ca channels open - calcium influx Diabetes Obes Metab. 2013 Jan; 15(1): 15-27.
Nutr Rev. 2010 May; 68(5): 270-279.
20

10
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Beta-lslet Cells and Insulin Release

glucose ==
Glut2

SULFONYLUREA(-)
Ky rp channels @9

Physiol Rev. 2018 Jan 1; 98(1): 117-214.
Diabetes Obes Metab. 2013 Jan; 15(1): 15-27.
Nutr Rev. 2010 May; 68(5): 270-279.

21

Defect in insulin production

Destruction of beta-islet cells will result in absolute insulin deficiency

Type
Type
Autoimmune attack = 3 C
Type 1 Diabetes or LADA Any generally destructive process
L3 o Pancreatitis, cancer, surgery, cystic fibrosis, iron deposition
o
Academic Forensic Pathology, 06 Jun 2018, 8(2):311-323
John Hopkins University

22
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Type 1 Diabetes mellitus

» Autoimmune-mediated (95%) or idiopathic (5%) beta-islet cell specific destruction.

=

Starting Point
If you have 2 relative:

15x greate risk of

developing TID

The Stages of TID

Immune
Activation

Immune
Response

4

Immune Activation

Beta cells are attacked \\ r/

Immune Response
Development of singie
autoantibody

-standi
RN

Normal Blood Sugar Abnormal Blood Sugar  Clinical Diagnosis
22 22

22 2
No symptoms No symptoms Symptoms

Diabetes Care 2015;38(6):979-988

Curr Diab Rep (2017) 17: 119

Curr Diabetes Rev. 2017 ; 13(3): 322-329

Curr Diab Rep. 2013 doi:10.1007/511892-013-0405-9.

23
Total System Failure: No insulin or no insulin effect
Central nervous system ‘ Visual ‘ the patlent IS ShOI‘t-lived...
EE‘I:,,;?;’ ‘ 9 \Semdiron)
. for the melting is rapid, the death speedy.
Moreover, life is disgusting and painful; thirst,
e unquenchable; excessive drinking, which, however,
is disproportionate to the large quantity of urine,
for more urine is passed; and one cannot stop
them either from drinking or making water.
= they are affected with nausea, restlessness,
L: osmocs. and a burning thirst; and at no distant term
*Ademinalesn | they expire.
Aretaeus of Cappadocia (c.AD150)
HORMONES 2012, 11(1):109-113
Nature Reviews Disease Primers 2020; 6:40
24
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Defect in insulin secretion

*+ 2-5% of all cases of diabetes may have a
monogenic cause.

"MODY" (maturity onset diabetes of the
oung)

* heterogeneous set of conditions due to
mutations in glucose sensing or
transcription factors. Strong famtly history
usually present.

Mitochondrial Diabetes (mutated mtDNA

* Typically occurs as part of a syndrome
(e.g. deafness, ocular problems, lactic
acidosis, cardiac, stroke-like episodes,
myopathles encephalopathles)

Neonatal (present from birth)

+ defective pancreatic or

anogenesis or key
functional elements of

eta-cell function

Glucose

A single gene mutation can impair any of the pathways controlling glucose sensing or secretion

Insulin !

GLUT-2\

A3243G
mitochondrial
diabetes  §

Glucose-6-phosphate

Glycolysis

NEJM 2001; 345: 971
Swiss Med Wkly. 2012;142:w13690

25
a
M O D Y Glucose .
Insulin
SUSPICIOUS CLINICAL FEATURES SR > @
+ Not classically T2DM: ,:43?33 ) !
» Early onset (typically <25yo) m‘;:bg?e;a :
* Slimmer than expected for Type 2 diabetes Sieus BaphosEias
» Strong family history (autosomal dominant) )
* Excessive response to sulfonylurea treatment Glycolysis
* No signs of insulin resistance, including reasonably
normal lipid profile
* Not classically TIDM:
* Persistent internal insulin production i
* No history of diabetic ketoacidosis MODY PI’O bab"'ty Ca!CU |at0r
>25% post test probability = genetic testing
* Atypical features:
* Organ malformations
* Neonatally abnormal glucose (high or low)
J Clin Endocrinol Metabol 2021;106:237
26
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Mitochondrial Diabetes

SUSPICIOUS CLINICAL FEATURES
» Early Onset (Age<25)
* Maternally inherited A3243G mutation
* Altered lactate production = hepatic gluconeogenesis

* Progressive failure of insulin secretion rather than insulin
resistance.
* Mitochondrial dysfunction > beta cell death
* Specific features

» Sensorineural hearing loss (usually before diabetes
onset)

* Unusual retinal pigmentation
* Myopathy
* Encephalopathy
* Stroke-like symptoms
» Epilepsy
* Lactic acidosis (MUST AVOID METFORMIN)

Insulin {(pmol/l)

4
% = 100
=y o]
5% 9 ___,__,.,_—"'
s 2 60 —
gf
5 -
52 P
‘§ H 0 - T T T ]
&= 0 20 40 60 80
age
450
— @ — wildtype (n=80) I
—O— mutant (n=2) L’l~‘l/
/I/
800 | E ;’—’I aL ..
= ;Jf;// /,g’/ \.v’ 1™ ™~
[v A l
L A N
150 Q-r{
-
-30 [ 30 60 90 120 150 180
Time (Min)

Diabetes 2004;53(suppl_1):S103-S109

27

Mitochondrial Diabetes

SUSPICIOUS CLINICAL FEATURES
» Early Onset (Age<25)
* Maternally inherited A3243G mutation
 Altered lactate production = hepatic gluconeogenesis

* Progressive failure of insulin secretion rather than insulin
resistance.
* Mitochondrial dysfunction - beta cell death
* Specific features

* Sensorineural hearing loss (usually before diabetes
onset)

* Unusual retinal pigmentation
* Myopathy
* Encephalopathy
* Stroke-like symptoms
* Epilepsy
* Lactic acidosis (MUST AVOID METFORMIN)

Time (Min)

BMC Ophthalmology 2014;14:77
Diabetes 2004;53(suppl_1):S103-S109

28
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Defect in insulin signalling: Type 2 Diabetes mellitus

(common)

Adiposity Chronic Excess Nutrients

v
/ \ Insulin Receptor Hyperinsulinaemia

FFA Inflammation

Downregulation of receptor expression

Mitochondrial

Dysfunction . . ' .
l, Impaired cell signalling Outcome:
ROS < ey INSULIN RESISTANCE
4 AN Reduced glucose uptake

Altered gene transcription % Altered cell metabolism

Diabetologia (2021) 64:994-1006
Molecular Metabolism 2021; doi:10.1016/j.molmet.2021.101304

29
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Relationship between markers of glycaemia and microvascular complications

Prevalence of diabetes-specific retiniopathy (%)

16

14

0

HbA._ (%)
FPG (mmol/L)
2 h PG (mmol/L)

——FPG

Prevalence of diabetic retinopathy

—&- 2 h plasma glucose

—A—HbA

31-
17-
11-

46~ 47- 49
43 49 5-3/

T Az T T T T
56- 57- 58 5¢- 61 63 68 7.9
47- 484/57- 58 60- 62~ 64 65 77- 101-
85 91- 98 107- 119- 134 154 199

Diabetes Care 2011; 34:145-150.

31
Relationship between glucose and adverse events in Type 2 Diabetes (UKPDS 35)
140
Rate per ANY COMPLICATION
120 —1000-person
years /
100 /
80
/ MICROVASCULAR
60
40
20 —— DEATHDUETO
DIABETES
0 Median HbATC (%) ; o o 0
BMJ. 2000 Aug 12; 321(7258): 405-412
32
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Summary

Clinical Syndrome

Defect in Insulin (rare)
Defective secretion of insulin
(MODY, mitochondrial)

Lack of insulin

(commonly T1DM or pancreatic DM)
Defect in Insulin Action
(commonly T2DM)

Neuropathy|

s & O 1

o ©
‘ e L Y b ‘ Glucose

Vascular Disease

Excess glucose in blood

Absolute insulin deficiency or severe defect in the 4

system
i Polyuria

| Glucosuria

Diabetic
Ketoacidosis

T

xcess filtered glucose@Kidney

Diabetes mellitus is a Specific clinical features
clinical syndrome of may hint at an unusual form

S U M MARY hyperglycaemia with of diabetes.

numerous causes.

Awareness is poor in the
Understanding underlying general clinical community

pathophysiology is

important as clinical risk

and treatments are not Multidisciplinary support
identical remains crucial for diabetes

care irrespective of cause.
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THANK YOU
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