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Milestones in the history of diabetes mellitus: The main
contributors

Marianna Karamanou, Athanase Protogerou, Gregory Tsoucalas, George Androutsos, Effie
Poulakou-Rebelakou

17" century, 19" century,
Thomas Willis Oskar Minkowski
added the term and Joseph von
mellitus to describe Mering recognized
the extremely that diabetes is a
sweet taste of the disease of the
urine pancreas
2™ century AD, 19" century, 20" century,
Aretaeus of Claude Bernard Frederick Banting,
cappadocia provided and the Charles Best and
the first accurate discovery of the John Macleod,
description of glycogenic action the discovery of
diabetes, coining the of the liver insulin
term diabetes

Figure 5 Timeline table presenting the main contributors in the history of diabetes mellitus.



Banting & Best: Discovery of insulin
July 27, 1921

By: UMass Diabetes Center of Excellence

Banting and Best with the first dog ever treated with insulin



415 eKaTOMMUPIA AVOPWITTOI TTAYKOO MIWG
VOoouV atrd Zakxoapwdn AlaBnrn (2017)

FIGURE 396-2 Worldwide prevalence of diabetes mellitus. Global estimate is 415 million individuals with diabetes
in 2017. Regional estimates of the number of individuals with diabetes (20-79 years of age) are shown (2017).

(Adapted from the IDF Diabetes Atlas, the International Diabetes Federation, 2017.)
HARRISON’S PRINCIPLES OF INTERNAL MEDICINE, 20t EDITION, 2018, McGraw Hill.



Tagivopnon Zakxapwdn AlaBnTn ye
Bdaon Tnv pnxaviouo raboyéveong

I. Totrog 1/ Type 1 (immune-mediated B-cells destruction > usually leading to absolute
insulin deficiency) (TraAaidTEPN ovopaoia ocakxapwdng dIaBNTNG TWV VEWV —
IVOOUAIVOECAPTWMEVOCG)

Il. Totrog 2 / Type 2 (may range from predominantly insulin resistance with relative insulin
deficiency to a predominantly insulin secretory defect with insulin resistance) (TraAaidTepn
ovouagia oakxapwdng d1aBATNG TwV eVNAIKWY — IVOOUAIVOECAPTWHEVOCG)

lll. Zakxapwdng diafATNG TNG KUNnong / Gestational Diabetes mellitus (developing
during the 2nd-3d trimester of pregnancy; insulin resistance associated with the metabolic
alterations occurring during pregnancy)

I\VV. AAAo1 TOTrOI / Other specific types

- Genetic defects of 3-cell function

- Genetic defects in insulin action

- Diseases in exocrine pancreas (i.e. pancreatitis, neoplasia)

- Endocrinopathies (i.e. Cushing, pheochromocytoma)

- Drugs or Chemically induced (i.e. glucocorticoids, thiazides)

- Infections (i.e. CMV)

- Uncommon forms of immune-mediated diabetes

- Other genetic syndromes associated with DM (i.e. Down’s syndrome)

Classification of Diabetes Mellitus Solis-Herrera C, Triplitt C, Reasner C, et al.
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OpolooTacia F'Aukolng

~ Liver Plasma glucose

v

Insulin-independent
glucose utilization

Non-glucose
Secretagogues

Insulin

o | B

Pancreatic islet Insulin-dependent
glucose utilization




Opolootacia NAukolNG & Zakxapwdng AianTng

Hyperglycemia
Pre-diabetes* |  Diabetes Mellitus
Impaired fasting | Insulin  Insulin
Normal glucose or ! Not required required
Type of glucose impaired glucose ! insulin for for
Diabetes tolerance tolerance lrequiring control survival
Type 1 : >
|
Type 2 —& < : >
Other € ' >
specific types :
Gestational ~& < >
Diabetes :
I

Time (years)

|
FPG <5.6 mmol/lL | 5.6-6.9 mmol/lL i >7.0 mmol/L
(100 mg/dL) | (100-125 mg/dL) | (126 mg/dL)
|
2-h PG <78 mmolL | 78-11.0 mmol/L | >11.1 mmol/L
(140 mg/dL) | (140-199 mg/dL) ! (200 mg/dL)
HbA1C <5.6% 5.7-6.4% i >6.5%

FPG: fasting plasma glucose; PG: plasma glucose; Arrows denote that changes in glucose
tolerance may be bidirectional (i.e. weight loss improves glucose tolerance in individuals
with DMII)

HARRISON’S PRINCIPLES OF INTERNAL MEDICINE, 20t EDITION, 2018, McGraw Hill.



NMNaBoyeveTikOG MnYXaviopog Zakxapwdn AlafATn
TUTTOU |

[MepIBalAovTikd (OTTWC TTpwTEIVEC aTTd BbEIO YAAQ, @ApuaKa, EAAEIYN
Birapivng D) 4 Aoipoyova (O1rwg 10i, 1T.X. Coxsachie, enteroviruses,
rubella/epuBpad) aitia o€ aoBeveic ue TO KATAAANAO YEVETIKO UTTORABPO
BewpeiTal TTWC ATTOTEAEI TO TTPWTAPXIKO AITIO > TTAPAYWYN
QAUTOQVTIOCWMATWY EVAVTI AVTIYOVWY B-KUTTAPpWYV

[MPOOdEUTIKNA Kal ETTIAEKTIKA KATACTPOPN TWV B-KUTTAPWY TWV vNOIdiwV
TOU TTAYKPEATOC UE TNV HECOAAPNoN T AeppokuTttdpwy. Ta B-KUTTOpa
gival apKeETA eUAAWTA OTN TOCIKA OPACN OUYKEKPINEVWY KUTTOKIVWV
(TNF-q, IL-1)

<>Nnao1diTi¢: diINBnon Twv vnoidiwv Langerhans artrd

AEUPOKUTTOPO

AlaTapaxn otnv EKKPIoN IVOOUAIvNG

>70% KaTOOTPOYN TWV B-KUTTAPWYV TWV VNOIdiWV TOU TTAYKPEATOG =>
OUNTITWHATA ATTO AVETTAPKEIA IVOOUAIVNG
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How Quickly does Diabetes Develop?

Normal insulin-
producing beta cells

Prevailing view New evidence

Beta cells injured
(reduced insulin
production)

Beta cell
Ticall destroyed

—— Prediabetic
state

Remaining
beta cells pump
insulin

Diabetes
develops
gradually
as more
cells die

Rapid destruction
of injured cells

Diabetes



NMNaBoyeveTikOG MnYXaviopog Zakxapwdn AlafATn
TUTTOU ||

- Alatapaxn otnv €KKPIoN IVOOUAIVNG + avTioTaon Twv I0TWV aTn dpdacn TnG
IVOOUAIVNG:

A. Meliwpévn ammavTnan oTny TTapaywyr] IVOOUAivnG wg aTTavTnon oTa
avTioToIXa OIEYEPTIKA epeBiopara — diatapaxr) TNS apXIKNAS Taxeiag aucnong 1nNG
EKKPIONG IVOOUAIvVNG

B. Avtiotaon otn dpdcn Tn¢ IvoouAivng (dlatapaxr oTnv YeTapifacn Tou
ONMATOC HETA TNV £VWOT IVOOUAIVNC JE TOV UTTOO0XEA TNG /KAl TOU UTTodOXEA
GLUTA4 trou gvtoTtrieTal OTOUG MUEG Kal TO AITTWON 10T0)

- YTo6eon: apxIka uttapxel diatapaxn otn dpdaon TnG IVOOUAivng i} oTToia
oOnYEi o€ AVTIPPOTTIOTIKI UTTEPEKKPION IVOOUAIVNG UE QTTOTEAECUA TNV
aduvaia Tou TTAYKPEATOC VA AVTATTOKPIBEI KAl TNV TTPOOOEUTIKA «ECAVTANCN»
TWV B-KUTTAPWY TOU TTAYKPEATOG

- H mmAgiovotnTa Twv acBevwy pe 2All gival YrépBapol/[Maxuoapkoil:



Apuloegidwon og vnoidio Langerhans
TTAYKPEATOG O€ A0BeV NE ZAKXApWON
AlaATn ToTTOU I

Mop@oAoyIKa QUOIOAOYIKO Apulogidwon o€ vnoidio
vnoidio Langerhans Langerhans

. ?’

g
s : — _ |

Rosai and Ackerman’s Surgical Pathology, 11t ed. 2018, ELSEVIER.
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AGEs — déopeuon o€ UTTOOOXEIG OTNV ETTIQAVEIX
TWV £vOO0ONAIOKWY KUTTAPWV

Endothelial cell

| —

Advanced Glycation End Products

Sparking the Development of Diabetic Vascular Injury

Alison Goldin, Joshua A. Beckman, Ann Marie Schmidt and Mark A. Creager
Originally published 8 Aug 2006 | https://doi.org/10.1161/CIRCULATIONAHA 106.621854 | Circulation. 2006;114:597-605
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REVIEWS

M) Check for updates

The burden and risks of emerging
complications of diabetes mellitus

Dunya Tomic(y'-2, Jonathan E. Shaw®'25 and Dianna J. Magliano('-2-3=

/ Diabetic Peripheral \
kidney disease Retinopathy neuropathy Cancer Infections Liver disease

t | f t ! J
[ I

Traditional
complications

Emerging

complications

|
¢ ! ! . . .

Coronary heart Stroke Peripheral Functional Cognitive Affective

disease and vascular disability disability disorders
heart failure disease

|

Fig. 1| Major traditional complications and emerging complications of diabetes mellitus. The traditional complications
of diabetes mellitus include stroke, coronary heart disease and heart failure, peripheral neuropathy, retinopathy, diabetic
kidney disease and peripheral vascular disease, as represented on the left-hand side of the diagram. With advances in the
management of diabetes mellitus, associations between diabetes mellitus and cancer, infections, functional and cognitive
disability, liver disease and affective disorders are instead emerging, as depicted in the right-hand side of the diagram.

This is not an exhaustive list of complications associated with diabetes mellitus.

NATURE REVIEWS | ENDOCRINOLOGY VOLUME 15 | SEPTEMBER 2022
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REVIEWS

M) Check for updates

The burden and risks of emerging
complications of diabetes mellitus

Diabetic
kidney disease
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Retinopathy
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Fig. 1| Major traditional complications and emerging complications of diabetes mellitus. The traditional complications
of diabetes mellitus include stroke, coronary heart disease and heart failure, peripheral neuropathy, retinopathy, diabetic
kidney disease and peripheral vascular disease, as represented on the left-hand side of the diagram. With advances in the
management of diabetes mellitus, associations between diabetes mellitus and cancer, infections, functional and cognitive

disability, liver disease and affective disorders are instead emerging, as depicted in the right-hand side of the diagram.
This is not an exhaustive list of complications associated with diabetes mellitus.
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Table 1| Summary of major systematic reviews and original studies reporting a cancer risk associated with diabetes mellitus

Study

Wang et al® (2012)"
El-Serag et al.* (2006) "

Huxley et al.* (2005)"

Carstensen et al.°
(2016)"

Jiangetal®(2011)"
Dengetal®(2012)"

De Bruijn et al.* (2013}~

Liao et al*(2014)"

Saed et al*(2019)"
Friberg et al.* (2007)"

Larsson et al.® (2007)"

Anothaisintawee et al.?
(2013)"

Boyle et al*(2012)"

Zhang et al® (2017)"
Weng etal® (2017)*
Wang et al* (2020)*
Lee et al® (2013)™
Bonovas et al.* (2004)"
Long et al®(2012)"

HR, hazard ratio; OR, odds ratio; RR, relative risk; TIDM, type 1 diabetes mellitus; TZDM, type 2 diabetes mellitus. *Systematic review. "Total number of participants

Diabetes
mellitus type

All
All

TzDM
1-4 years duration
5-8 years duration
=10 years duration
TiDM

All
All
All

All

All
All
TiDM
TzDM
All

All

All
All
All
All
All
All {Asia only)

Study type included (n)

Cohort (3,626,3687)
Cohort, cross-sectional (2,938,889Y)

Cohort, cross-sectional (9,220)

Cohort (9,149)

Cohort (8,244,732%)
Cohort, cross-sectional (3,659,341)

Cohort, randomized controlled
trials (1,930,309)

Cohort (5,302,259)

Cohort, cross-sectional (459,167%)
Cohort, cross-sectional (96,003)

Cohort, cross-sectional (1,430,122%)
Cohort, cross-sectional (1,090,503Y)

Cohort, cross-sectional (21,0297

Cohort (2,392,245

Cohort (3,708,313)

Cohort, cross-sectional (6,036,434%)
Cohort, cross-sectional (1,707,359%)
Cohort, cross-sectional (890,675
Cohort, cross-sectional (1,751,274)

Outcome

Hepatocellular carcinoma

Hepatocellular carcinoma

Pancreatic cancer

Pancreatic cancer

Colorectal cancer
Colorectal cancer
Colorectal cancer
Breast cancer
Endometrial cancer

Endometrial cancer
disease-specific mortality

Endometrial cancer

Endometrial cancer

Breast cancer

Breast cancer

Breast cancer
(postmenopausal)

Owarian cancer
Owarian cancer
Ovarian cancer
Owarian cancer
Prostate cancer

Prostate cancer

obtained through sum of individual study cohort sizes listed in tables or otherwise. “Original study.

Risk associated with diabetes

mellitus (95% confidence
interval)

RR 2.01(1.61-2.51)

RR 2.5 (cohort studies) (1.9-3.2)
and OR 2.5 (case—control) (1.8-3.5)

OR 1.82 (1.66-1.89)
OR 2.05 (1.87-2.25)
OR 1.54 (1.31-1.81)
OR 1.51 (1.16-1.96)

HR 1.53 (males) (1.30-1.79) and HR.

1.25 (females) (1.02-1.53)
RR1.27(1.21-1.34)
RR 1.26(1.20-1.31)
HR 1.26 (1.14-1.40)
HR 1.23 (1.12-1.34)
RR 1.89 (1.46-2.45)
RR 1.32(1.10-1.60)

RR 1.77 (1.48-2.01)
RR 2.10(1.75-2.53)
RR 3.15(1.07-9.29)
RR1.20(1.12-1.28)
OR 1.14 (1.09-1.19)

RR1.15(1.07-1.24)

RR1.32(1.14-1.52)
RR 1.19(1.06-1.34)
RR 1.20(1.10-1.31)
RR1.17(1.02-1.33)
RR 0.91 (0.86-0.96)
RR1.31(1.12-1.54)

NATURE REVIEWS | ENDOCRINOLOC
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Table 7 | Summary of major systematic reviews and original studies reporting an infection risk associated
with diabetes mellitus

Diabetes Study type included Outcome

Study

Fang et al®
(2021)"

Luk et al®
(2021)™

Magliano et al®
{2015)"

Magliano et al.*
{2015)"

Martin et al®
(2016)"

McGumaghan
etal*(2021)"

Rawshani et al.*
(2021)*

You et al.?
(zozo)*

Moon et al®
{z0z0)*

mellitus
type

All

TiDM

T2DM

TiDM
TzDM
T2DM

All

(n)

Cohort (12,379)

Cohort (6,164,082)

Cohort (85,144)

Cohort (1,023,838)

RCTs, cohort,
cross-sectional
(32,067} 90 studies

Cohort (5,463,300

Cohort (44,639)
Cohort (411,976)
Cohort (5.473)

Cohort (5,307)

Infection-related hospitalization
Hospitalization for foot infections

Hospitalization for kidney infection
(male individuals)

Hospitalization for kidney infection
(female individuals)

Hospitalization for tuberculosis
(male individuals)

Hospitalization for tuberculosis
(female individuals)

Hospitalization for sepsis (male
individuals)

Hospitalization for sepsis (female
individuals)

Infection-related mortality
Pneumonia-related mortality
Septicaemia-related mortality
Osteomyelitis-related mortality
Infection-related mortality
Prneumonia-related mortality
Septicaemia-related mortality
Osteomyelitis-related mortality

Surgical site infection

Fatal or critical care unit-treated
COVID-19

COVID-19 hospitalization

Intensive care unit-treated
COVID-19

Oxygen treatment in COVID-19
Ventilator requirement in COVID-19

Risk associated with
diabetes mellitus
(95% confidence
interval)

HR 1.67 (1.52-1.83)
HR 5.99 (4.35-8.19)
RR 2,50 (1.70-3.50)

RR 2.10 (1.70-2.70)
RR 2.20 (2.00-2.40)
RR 2.10 (1.0-2.40)
RR 2.30 (2.10-2.50)
RR 2.30(2.10-2.50)

SMR 4.42 (3.68-5.34)
SMR 6.23 (4.30-9.00)
SMR 10,00 (6.70-14.90)
SMR 16.30 (5.20-50.40)
SMR 147 (1.42-1.53)
SMR 1.20 (1.20-1.30)
SMR 1.80 (1.70-2.00)
SMR 3.50 (2.90—4.30)

OR 1.77 (adjusted
measures; 1.13-2.78);
heterogeneity (12)=71%

OR 1.40 {1.30-1.49)

HR 210 (1.72-2.57)
HR 2.27 (2.13-2.32)
OR 1.59 ({1.02-2.49)

OR 1.35(1.10-1.66)
OR1.93(1.28-2.92)

COVID-19, coronavirus disease 2019; HR. hazard ratio; OR, odds ratio; RCT, randomized controlled trial; RE, relative risk; SME,
standardized mortality ratio. *Original study. "Systematic review.
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Table 3 | Summary of original studies reporting risk of liver disease associated with diabetes mellitus

Study Diabetes Study type included (n) Outcome Risk associated with diabetes
mellitus type mellitus (95% confidence interval)

Pang et al. All Cohort (512,891) NAFLD HR 1.76(1.47-2.16)

(2018)"

Lietal.(2017)y* T2DM Cohort (18,111) NAFLD OR1.40(1.22-1.62)

Loomba et al. All Cross-sectional (1,069) NASH OR 1.93 (1.37-2.73)

(2012)'*

Liver fibrosis OR 3.31(2.26-4.85)

HR, hazard ratio; NAFLD, nonalcoholic fatty liver disease:; MASH, nonalcohelic steatohepatitis; OR, odds ratio; T2ZDM, type 2
diabetes mellitus.
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Table 4 | Summary of major systematic reviews reporting risk of affective disorders, cognitive disability and
functional disability associated with diabetes mellitus

Author

Rotella et al. (2013)*

Nouwen et al.
(2019)"

Smithetal (2013)"

Lu et al. (2009)">*

Cheng et al_(2012)"

Li et al. (2019)"
Xue et al (2019)

Palet al. (2018)"

Wong et al. (2013)*

Yang et al. (2016)

Diabetes
mellitus type

All
T2DM

All

All

All

All
All

T2DM

All

All age
=60 years

Study type included (n) Outcome

Cohort, cross-sectional
(497,223)

Cohort, cross-sectional
(48,808)

Cohort, cross-sectional
(12,626)

Cohort (23,257)

Cohort (44.714)

Cohort (1,257,144

Cohort, cross-sectional
(4,349.111)

Cohort (6,865)

Cohort, cross-sectional
(162,5347)

Cohort (14,685)

Depression
Depression

Anxiety disorders
Anxiety symptoms
Vascular dementia
Alzheimer disease
Vascular dementia
Alzheimer disease
All-cause dementia
MCI

All-cause dementia

All-cause dementia

Progression to
dementia in MCI

Mobility disability
ADL disability
IADL disability
Falls

Risk associated with
diabetes mellitus
(95% confidence
interval)

HR 1.25 (1.10-1.44)

RR 1.24(1.09-1.40)

OR 1.20 (1.10-1.31)
OR 1.48 (1.02-1.93)
RR 2.38(1.79-3.18)
RR 1.39(1.16-1.66)
RR 2.48 (2.08-2.96)
RR 1.46(1.20-1.77)
RR 1.51(1.31-1.74)
RR 1.21(1.02-1.45)
RR 1.69 (1.38-2.07)
RR 1.43(1.33-1.53)

OR 1.53(1.20-1.97)

OR 1.51(1.38-1.64)
OR 1.82 (1.40-2.36)
OR 1.65 (1.55-1.74)
RR 1.64(1.27-2.11)

ADL, activities of daily living: HR, hazard ratio; IADL, independent activities of daily living: MCI, mild cognitive impairment; OR,
odds ratio; RR, relative risk. “Total number of participants obtained through sum of individual study cohort sizes listed in tables

or otherwise.



Box 1 | Diabetes mellitus and skeletal muscle atrophy

* Individuals with diabetes mellitus exhibit skeletal muscle atrophy that is typically
mild in middle age and becomes more substantial with increasing age.

* This muscle loss leads to reduced strength and functional capacity and, ultimately,
increased mortality.

* Skeletal muscle atrophy results from a negative balance between the rate of synthesis
and degradation of contractile proteins, which occurs in response to disuse, ageing
and chronic diseases such as diabetes mellitus.

* Degradation of muscle proteins is more rapid in diabetes mellitus, and muscle protein
synthesis has also been reported to be decreased.

* Proposed mechanisms underlying skeletal muscle atrophy include systemic
inflammation (affecting both protein synthesis and degradation), dysregulation of
muscle protein anabolism and lipotoxicity.

* Mouse models have also revealed a key role for the WWP1/KLF15 pathway, mediated
by hyperglycaemia, in the pathogenesis of muscle atrophy.

See REFS™-1%,
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