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Diabetes
a global health problem

12% of global health expenditure is

=

spent on diabetes
($673 billion)

https://diabetesatlas.org/key-messages.html
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What Is diabetes?

Raises
blood
glucose
Promotes
insulin
release
l ~ GLUCAGON ‘
Stimulates breakdown
of glycogen . . . o
v * Diabetes is a chronic condition
= that occurs when the body
L INSULN cannot produce enough insulin
— or cannot use insulin
Promotes
Y eieee
Tissue Cells

> [muscle, brain, fat]
l olond Adapted from IDF DIABETES ATLAS
\ glucose Eighth edition 2017
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Some figures...
Diabetes vs other major diseases

N |
‘8.8%’ ‘7.0%’ 69% 68%/ 61% »
= 4 o /

Diabetes Hemoglobinopathies Malaria HIV/IAIDS Tuberculosis

Major diseases prevalence in the world (WHO)
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Some figures...

People with diabetes per country

Estimated number of people with diabetes worldwide and per region in 2015 and 2040 s
(20-79 years)

North America and
Caribbean
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01514.2 million
World

2015415 million
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« Western Pacific
5153.2 million
2040 214.8 million

South and
Central America

2015 29.6 million
2040 48.8 million

Adapted from International Diabetes Federation Atlas (2015) |
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Some figures

Diabetes in Estonia

DIABETES |
CONCERNS
EVERY FAMILY 80%

COULD YOU PREVENT
ITIN YOURS? is preventable

EESTI DIABEEDILIIT

www. worlddabetesday.org/prevent

Eestis on diabeet diagnoositud umbes 70 000 inimesel, maailmas pdeb diabeeti ca 415 miljonit inimest.

e Diabeet (vana nimega suhkruhaigus) on krooniline ainevahetushaigus, mis vajab igapdevast ja pidevat

eneseravi.
» Diabeedi puhul ei tooda k&hun&are insuliini piisavalt voi Uldse mitte vai insuliini mdju organismis on

puudulik.
¢ Eestis on ligikaudu 7000 1 tadbi diabeeti pddevat inimest.
e || tO0Obi diabeeti pdeb teadaolevalt ligikaudu 60-65 000 inimest. Lisaks sellele arvatakse, et umbes sama

palju inimesi pdeb Il astme diabeeti enese teadmata.

« About 70 000 people are diagnosed with
diabetes in Estonia

* In addition, it is believed that about the same
number of people suffer from stage Il diabetes
unknowingly

Adapted from http://diabetes.ee/




Diabetes: a global health problem

Adults who died from diabetes, HIV/AIDS, tubx losis, and malaria

=

5.0 million
from diabetes
2015
IDF

Y Y

1.5 million 1.5 million 0.6 million

from HIV/AIDS from tuberculosis from malaria
2013 2013 2013
WHD Global Health WHO Global Healih WHD Global Health
Observatory Data Observatary Data Observatory Data
Repositery 2013 Repository 2013 Repasitory 2013

Eve di
Many people with dizhetes develop some form of eye
disease [retinopathy], which can damage vision or
P istently f blood
gl the main cause of reti . The netwark
of blood vessels that supply the retina can become

in retir leading to per loss of
vision. however. can bec
before it affects vision, and it is therelore essential
that people with diabates have regular eye scraenings.
If detected early, trestment can be given to prevent
blindness. Keeping good contral of blood glucose greatly
reduces the risk of retinopathy.

Cardiovascular disease

Cardis disease is the most

of death and disability among people with diabetes.
The cardiovascular diseases that accompany diabetes.
include angina. myacardial infarction [heart attackl,
stroke, peripheral artery dissase and congestive heart
failure. High blood pressure. high chalesterol. high
blood glucose and ather risk factors contribute to the
increased risk of cardiovascular complications.

Pregnancy complications
Women with any type of diabetes are at risk of a number
of complications during pregnancy, as high glucose
levels can affect the development of the foetus. Women
with di require careful monitoring before
and during pregnancy to minimise the risk of these
complications. High blood glucose during pregnancy can
Iead to changes in the foetus that cause it to gain excess
size and weight. This in turn can lead to problems during
delivery, injuries ta the child and mother, and low blood
glucose [hypoglycaemia) in the child after birth. Children
wha are exposed to high blood glucose inthewomb are
at higher risk of developing type 2 diabetes later in life®.

Diabetic foot

Aswell as nerve damage, peaplewith diabetes can
experience problams with poor circulation o the faet,
as a result of damage ta bloodvessels. These prablems
increase the risk of ulceration, infection and amputation.
Peaple with diabetes face a risk of amputation that

may be more than 25 times greater than that in people
without diabetes". With good management however, 3
large propartion of amputations can be voided. Even
when a persan undergoes amputation, the remaining leg
- and the person’s life - can be saved by good follow-up
care from a multidisciplinary foot team'’. In view of these,
risks, it is important that people with diabetes examine
their faet regularty.

From IDF Diabetes Atlas, Seventh edition, 2015
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Oral health

Diabetes can pase a threat to oral health. There isan
increased risk of inflammation of the tissue surrounding

the taoth [periodontitis) in peaplewith poar glucose

contral. Periodontitis is 3 major cause of tooth loss and is
associated with an increased risk of cardiovascular disease.
Manzgement of periodontitis is very important in people with
diabetes because optimal oral hygiene can prevent taath
loss, facilitate 3 healthy diet and improve glucose contral.

Kidney disease

Kidney disease [nephrapathy] is far more comman
in people with diabetes than in people without
diabetes; disbetes is one of the leading causes

«of chronic kidney disease. The disease is caused
by damage to small blood vessels, which can
cause the kidneys to be less efficient, or to fail
alogether. Maintaining near-normal levels of
bload glucose and blood pressure greatly reduces
the risk of nephropathy.

Prevention of complications

Common to all the major complications of diabetes is the fact
that they are not inevitable — they can be prevented by good
control of blood glucose levels, as well as good control of
blood pressure and cholesterol levels. This requires a high
level of education of the person with diabetes in managing
their condition, as well 3s access 1o insulin, oral medications.
and monitoring equipment. People with disbetes should be
supported by awell-educated healthwork force aswell 2s
health systems that provide regular blood tests and eye and
foot examinations. The International Disbetes Federation
(IDF] works in many places around the globe to provide
treatments and services to improve the outcomes for people
with diabetes.

Nerve damage

Nerve damage [neuropathy] also results from
prolonged high blood glucose levels. It can affect
any nerve in the body. The most common type is
peripheral neuropathy, which mainly affects the
sensory nerves in the feet. This can lead to pain,
tingling, and loss of sensation. This is particularly
significant because it can allow injuries to go
unnaticed, leading to ulceration, serious infections
and in some cases amputations. Neuropathy
canalso lead to erectile dysfunction, aswell as
problemswith digestion, urination and 2 number
of other functions.
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High probability of premature death (30 - 70 yo)
from NCDs In Estonia among European
countries

EUROPEAN JOURNAL OF GENERAL PRACTICE, 2018
VOL. 24, NO. 1, 112-117
https://doi.org/10.1080/13814788.2018.1429594

E F Taylor & Francis
Taylor & Francis Croup

8 OPEN ACCESS m Check for updates

Challenges for clinical practice and research in family medicine in reducing
the risk of chronic diseases. Notes on the EGPRN Spring Conference 2017
in Riga

BACKGROUND PAPER
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Figure 1. Probability (%) of premature death (dying between age 30 and 70 years) from four main NCDs (cardiovascular diseases,
cancer, diabetes, chronic lung disease) in EU countries and in the WHO European region, data from 2015 [5].
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How to diaghose
diabetes?
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. Association.

A American QO OO0

The guidelines

Table 2.2—Criteria for the diagnosis of diabetes
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*

OR

2-h PG =200 mg/dL (11.1 mmol/L) during 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.*

OR

A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is
NGSP certified and standardized to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose =200 mg/dL (11.1 mmol/L).

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

Adapted from the American Diabetes Association (ADA) guidelines (2018)
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Diabetes Management

European Journal of General Practice, 2010; 16: 85-91 informa
healthcare

ORIGINAL ARTICLE

Meeting targets in type 2 diabetes care contributing to good glycaemic
control. A cross-sectional study from a primary care setting in Estonia

Targets of type 2 diabetes care and associated factors — 87

ANNELI RATSEP!, RUTH KALDA' & MARGUS LEMBER?

' Department of Family Medicine, University of Tartu, Estonia, and 2Department of Internal Medicine, University
Estoni

Estonia 60

In Estonia 39% of 50
the patients reached the 40
recommended target of 4
HbAlc <6.5% only s

10
0 R N—

®HbA1¢<6.5% ®WSBP<140mmHg ® DBP<85mmHg ®BMI<25kg/m?

% of type 2 diabetes
patients

Figure 1. Distribution of type 2 diabetes patients meeting the clinical
targets recommended in the guidelines.
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Diabetes
. Association.

The guidelines

Approach to the Management of Hyperglycemia

A1C GOALS
For glycemic goals in children, please refer to Patient / Disease Features More stringent 4= AIC 7% == |ess stringent
Section 12 “Children and Adolescents.” =
For glycemic goals in pregnant women, Risks potentially associated
please refer to Section 13 “Management with hypoglycemia and
of Diabetes in Pregnancy.” other drug adverse effects o high
Recommendations
e A reasonable A1C goal for many
nonpregnant adults is <7% (53 . . <
mmol/mol). A n iVi u a i Z e Disease duration newly diagnosed long-standing | §
e Providers might reasonably suggest I d d I d =z
more stringent A1C goals (such g
as <6.5% [48 mmol/mol]) for se- ) -~
lected individual patients if this AlC targ et Life expectancy long clnzct g
can be achieved without signiticant a
hypoglycemia or other adverse ef- E‘
fects of treatment (i.e., polyphar- %
macy). Appropriate patients might Important comorbidities pr— few / mild covere
include those with short duration of
diabetes, type 2 diabetes treated
with I.ifestvle or metformin.on-h{, Established vascular
long life .expectancy,.or no signifi- complications - ot/ ik
cant cardiovascular disease. C absen ew / mi severe |
e Less stringent A1C goals (such — o
as <8% [64 mmol/mol]) may be ap- 9
propriate for patients with a history . . g
of severe hypoglycemia, limited life Patient attitude and highly motivated, excellent less motivated, poor %_r'
expectancy, advanced microvascu- expected treatment efforts self-care capabilities self-care capabilities <
lar or macrovascular complications, g
extensive comorbid conditions, or R d ¢ o
long-standing diabetes in whom esources and suppor 7
the goal is difficult to achieve de- system readily available limited %
spite diabetes self-management -
education, appropriate glucose
monitoring, and effective doses of Figure 6.1—Depicted are patient and disease factors used to determine optimal A1C targets.
multiple glucose-lowering agents Characteristics and predicaments toward the left justify more stringent efforts to lower A1C; those
including insulin. B toward the right suggest less stringent efforts. Adapted with permission from Inzucchi et al. (72).

Adapted from the American Diabetes Association (ADA) guidelines (2018)
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Diabetes Management

MAYO ORIGINAL ARTICLE
CLINIC ——
N4

Abstract

Severe Hypoglycemia Attributable to
Intensive Glucose-l_owering Therapy Among Objective: To estimate the contemporary prevalence of intensive glucose-lowering therapy among US
US Adults With Diabetes: Population-Based adults with diabetes and model the number of hypoglycemia-related emergency department (ED)
Modeling Study, 2011-2014 vi.si_ls and hospitalizations that are attributable to such intensive treatment.

d Patients and Methods: US adults with diabetes and glycated hemoglobin (HbA, ) levels less than 7.0%
(Grace)ie W ahoney; My ey renk hesiand ez ow; (3 Nieoy LI who were included in the National Health and Nutrition Examination Survey (NHANES) between
2011 and 2014. Participants were categorized as clinically complex if 75 years or older or with 2 or
more activities of daily living limitations, end-stage renal disease, or 3 or more chronic conditions.
Intensive treatment was defined as any glucose-lowering medications with HbA . levels of 5.6% or less
or 2 or more with HbA,, levels of 5.7% to 6.4%. First, we quantified the proportion of clinically
complex and intensively treated individuals in the NHANES population. Then, we modeled the

i i attributable hypoglycemia-related ED visits/hospitalizations over a 2-year period based on published
Individualized e g

Alc target will avoid Results: Almost half (48.8% [10,719,057 of 21,980,0341) of US adults with diabetes (representing

. . . 10.7 million US adults) had HbA,. levels less than 7.0%. Among them, 32.3% (3,466,713 of

h05p|tal|zat|0n5 because 10,719,057) were clinically complex, and 21.6% (2,309,556 of 10,719,057) were intensively treated,

: with no difference by clinical complexity. Over a 2-year period, we estimated 31,511 hospitalizations

Of hypoglycemla (9578 and 30,954 ED visit.z for hypoglyfemi:yin this popilatitl):)n; of these, 4774 (95% ClI, 9545)9714) hos-
hospr[a“za‘“ons at'“buted pitalizations and 4804 (95% CI, 862-9851) ED visits were attributable to intensive treatment.

. . Conclusion: Intensive glucose-lowering therapy, particularly among vulnerable clinically complex

to Intensive tre atment) adults, is strongly discouraged because it may lead to hypoglycemia. However, intensive treatment was

equally prevalent among US adults, irrespective of clinical complexity. Over a 2-year period, an
estimated 9578 hospitalizations and ED visits for hypoglycemia could be attributed to intensive dia-
betes treatment, particularly among clinically complex patients. Patients at risk for hypoglycemia may
benefit from treatment deintensification to reduce hypoglycemia risk and treatment burden.

© 2019 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2019.mm(m):1-12
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Avoidable hospital admissions for
diabetes can be improved

FIG. 7.10 Avoidable hospital admissions for diabetes, asthma and chronic obstruc-
tive pulmonary disease (COPD) in selected European countries and Estonia, 2015

[ Diabetes B Asthma COPD

700
600
500
400

300 ,
200 i ‘ I
100 I I

Age-sex standardisation rates per 100 000

Source: OECD Health Statistics, 2017.
Note: Rates are not adjusted by health care needs and health risk factors.
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Goal of a quality bonus system (2006)
« Increase the quality and effectiveness of preventive services

«  improve monitoring of chronic diseases
FIG. 3.8 Goal achievements for quality bonus system indicators (between 2006—2014)

Total cholestrol measured for 40-60 year old people once in 5 years o o

Glycose test for high CVD risk people aged 40-60 once per year —

Fractions of cholestrol measured for high CVD risk people aged 40-60 once per year —
Nurse counselling forhigh-CVD riskpeople‘aged 4060 once per year -J

- Glycohemoglobin test done for patients with type Il diabetes once per year —
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Type 2 Diabetes

Nurse counselling for hypertension patients (low risk) — =
Total cholestrol test done for hypertension patients (medium risk) once per year —
Fractions of cholesterol measured for hypertension patients (medium risk) once per year — o>
Glycose test done for hypertension patients (medium risk) once per year 4§ ————— st
Creatinine test done for hypertension patients (medium risk) once per year 4/ —————— e—t-
ECG done for hypertension patients (medium risk) once per 3 years >
Albumin test done for hypertension patients (medium risk) once per year - ————— s—t-
Total cholestrol test done for hypertension patients (high risk) once per year — >
Fractions of cholesterol measured for hypertension patients (high risk) once per year 4 ————— —
Glycose test done for hypertension patients (high risk) once peryear § ———— i
Creatinine test done for hypertension patients (high risk) once per year — o
[ Albumin test done for hypertension patients (high risk) once per year o —————— sy
Total cholestrol test done for patients with myocardial infarction once per year — 2
Glycose test done for patients with myocardial infarction once per year — >
(I) 1l0 210 310 4|0 510 GIO 710 810 90 1(I)O
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Adapted from Health Systems in Transition Vol.20 No.1 2018 Estonia Health system review _
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The guidelines

« According to the ADA:

* Hb Alc testing must be done on a certified method
(NGSP, DCCT, IFCC)

« POC are not recommended for diagnosis

* Interpretation of the Hb Alc value must be done
according to factors impacting glycemia, such as

hemoglobinopathies!
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What i1s Hb Alc?
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What is Hb Alc?

What it is: What it is not:
H b Hemoglobin... Not bilirubin, Not albumin, ...
A ... more precisely the A Not all the Hb fractions, not Hb
fraction ... SorHb(, ..
L Not glycosylated (labile), not
1 ... which is glycated... N
... with glucose on the N- Not with fructose, not on the
C terminal valine(s) of the Beta Alpha chain, not elsewhere on
chain(s) the Beta chain, ...
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What is Hb Alc?

 Definition (IFCC) :
« Hemoglobin (Hb A) that is irreversibly glycated at one or both N-

terminal valines of the beta chains

e Interests:

* Hb Alc is a mesure of the hemoglobin glycation

» Because the RBC have a lifespan of 120 days, Hb Alc reflects mean

glycemia of the last 3 months

« Hb Alc gives info on the long-term glycemic control and allows to

monitor the risk of developing complications
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What is Hb Alc?

Hb capillary electrophoresis

180 200 D 240

HbA > 96 °% Hb F < 1% Hb A2 < 3,5%
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What is Hb Alc?
Hb A0

93-95%

Glycation at the
N-terminal Valin
of the -globin chain

Hb Al =GHb A
Glycated Hbs .
>-7% ‘-Ib AlaHb A1b Hb A1c\

0,5% 0,5% 4-6%

Fructose-1,6- pyruvate glucose
Hb A2 diphosphate
I lucose-6-phosphate

o =0 =0 Fo

140 180 180 200 220 2
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How to measure Hb Alc?

e Strict IFCC formula:

% Hb A1c Hb Alc

= (Hb Alc + Hb A0)




sebia

Solution

How to measure Hb Alc?

 Hb Alc on capillary electrophoresis:

Strict IFCC formula
application:
% Hb Alc =100 x [Hb Alc
area/ (Hb Alc area + Hb AO
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How to measure Hb Alc?

 Most common laboratory methods:

&)
[Hb Alc] + [Hb A2c] / [Total Hb)

Immunoassay

." Hb Alc Area / J Hb A Area

S
@ . Total glycated Hb / Total Hb HPLC
Boronate Affinity
Hb Alc Area /
[Hb Alc] + [Hb A2c] / [Total Hb] BN (b Atc Area + Hb A0 Area)
Enzymatic Capillary Electrophoresis
“Blind” methods: Separative methods:

only a Hb Alc value Hb Alc value + Hb profile
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When choosing/using Hb Alc
method,
What should we pay attention to?

ANALYSIS



What should we pay attention to?
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What should we pay attention to?

Analytical
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What should we pay attention to?
Analytical performances

* Accuracy = Only Imprecision (CV)?
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What should we pay attention to?
Analytical performances

« Accuracy = Imprecision (CV) and Trueness (bias)

Improving Accuracy

Decreasing Uncertainty
: - *le :
Low bias = o Low bias
High CV 2 i o and low CV
= = »
E L%: %
£ % & C °
: : = o\ ° : :
High bias High bias
High CV Low CV
>
Improving Precision

Decreasing Random Errors
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What should we pay attention to?
Analytical performances

« Accuracy = Imprecision (CV) and Trueness (bias)

Low Increasing Diabetes Treatment
Risk risk goal
<5.8% of diabetes > 6.4% <7%
5.8% - 6.4%
<€ >

All the important “cut-off” are within 1.2 points.
CV and bias must be “perfect” in this range of measurements!
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What should we pay attention to?
Analytical performances

« Accuracy = Imprecision (CV) and Trueness (bias)

Low Increasing Diabetes Treatment
Risk risk goal

<5.8% of diabete > 6.4% < 7%
¢ 5.8% -6.4

High bias: low trueness
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What should we pay attention to?
Analytical performances

« Accuracy = Imprecision (CV) and Trueness (bias)

Low Increasing Diabetes Treatment
Risk risk goal
<5.8% of diabete > 6.4% < 7%

5.8%-6.4

High CV: low precision
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What should we pay attention to?
Analytical performances

« Accuracy = Imprecision (CV) and Trueness (bias)

Low Increasing Diabetes Treatment
Risk risk goal
<5.8% of diabete > 6.4% < 7%

5.8%-6.4

Low bias and low CV:
highly accurate
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What should we pay attention to?
Analytical performances

« Accurate Hb Alc method = better patient

20 24
A Mean HbA1c = 11% 10%
20 9%
15 — 2 o
é // = 164
© i S
A
gm ",/ _ 5 12
I.lj.l A Pt :;; 8 %
4 L
e o 4 /’/%
g I
n T 1 T T T T T T T T
. 0 1 2 3 4 5 6 7 8 9
12 ’ )
HbA1c (%) Time During Study (Years)

Risks for development of various complications

Risk of retinopathy progression
(Skyler JS, Endocrinol Metab Clin North Am, 1996)

(DCCT, diabetes 1995)

For example, increase by 1 point the Hb Alc (from 7% to 8%)
means multiply by 2 the risk to develop complications after 7 years
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What should we pay attention to?

How to assess analytical performances?

= o IFCC certificates given to
eriificate manufacturers
participatecii‘in the IFCC Hbi?::\ﬁ:::t:r:;cﬁogramme to demonstrate L EX am p | e W i t h C ap i | | a_ry
prtomad 2 sho o electrophoresis instrument:
* Bias = 0.0 mmol/mol

and CV=0.4%

« Ranks “Gold” (Biological Variation
model)

impeecision in % CV . .
e 0 = 25 (Sigma-metrics model)
| E 0.4 mmol/mol
B 0.0 mmol/mol
Imprecision= 04 %
Gr, Gold
2 e odel for Targets h
Date of Issue: dd-Month-yyyy Date of Expiry: dd-Month-yyyy

Goals: CV < 2% NGSP or 3% IFCC,
o Koo Corsns Bronze « Rank » (BV model), o > 2 (Sigma-

metrics‘
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What should we pay attention to?
How to assess analytical performances?

IFCC

0.37 0.46 NGSP
4 5

0.28

8" Analysis of the CAP GH2-A
2 o survey
g- @ Chemistry (I1A)

() Boronate Affinity

0.7 14 2.0 27 34 NGSP ’ HPLC )
Between-laboratory GV @ Capillary electrophoresis

Fig. 2. Models applied to 26 manufacturer/instrument means in CAP 2014 GH2-A survey.

Mean within-manufacturer interlaboratory CV on the x axis; mean manufacturer absolute bias on the y axis. The black star represents the overall mean
of all laboratories. The dots (laboratory instruments) and squares (POCT instruments) represent specific manufacturers with colors for analytical
principles: green, immunocassays; red, ion-exchange HPLC; yellow, affinity HPLC; blue, capillary electrophoresis; gray, dry chemistry. Abbott Architect
¢ System (A), Abbott Architect | System (B), Axis-Shield Afinion (C), Beckman AU systems (D), Beckman UniCel DxC Synchron (E), Bio-Rad D10 (F),
Bio-Rad Variant Il (G), Bio-Rad Variant |l Turbo (H), Bio-Rad Variant Turbo 2.0 (1), Roche Cobas ¢311 (J), Roche Cobas c500 series (K), Roche Cobas
Integra 400(L), Roche Cobas Integra 800 (M), Sebia Capillarys 2 Flex Piercing (N), Siemens Advia Chemistry Systems (), Siemens DCA 2000/2000+
(P), Siemens DCAVantage (Q), Siemens Dimension ExL(R), Siemens Dimension RxL{S), Siemens Dimension Vista (T), Siemens Dimension Xpand (U),
Tosoh G7 Auto HPLC (V), Tosoh G8 Auto HPLC (W), Trinity Biotech HPLC (X), Trinity Biotech Premier Hb9210 (Y), Ortho Clin Diag Vitros 5,1 FS, 4600,
5600 Chem System (Z). For more details, see online Supplemental Table 1. opt, Optimum; des, desirable; min, minimum.
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What should we pay attention to?
How to assess analytical performances?

IFCC

Bias
0.37 0.46 NGSP
5

4

0.28

Analysis of the Italian Hb Alc
EQA scheme

0.18

Y © Roche (1A)
() Bio-Rad (HPLC)
| NS N ) L @ Tosoh (HPLC)

07 14 20 27 34  NGSP @ Sebia (capillary electro.)
Between Laboratory CV in %

0.09

Fig. 3. Quality target models applied to 4 manufacturer/instruments means in the present
study and in the CAP 2014 GH2-A survey. Mean within-manufacturer interlaboratory CV
on the x axis; mean manufacturer absolute bias on the y axis. The gray stars represent
the overall mean of all laboratories in Italy (star inscribed IT) and United States (US).
The dots represent the means of analytical devices of manufacturers in both countries;
Tosoh (red), Roche (green), Sebia (blue), and Bio-Rad (yellow). (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)
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What should we pay attention to?
How to assess analytical performances?

Bias j ]

028 0.37 0.46 NGSP
5 IFCC

Analysis of a new European
EQA scheme

4

Roche (1A)
Menarini/Arkray (HPLC)
Tosoh (HPLC)

Sebia (capillary electro.)
Bio-Rad (HPLC)
Siemens (1A)

0000 O

0.09
1

1 2 3 -+ 5 IFCC
0.7 1.4 2.0 2.7 3.4 NGSP

Between-laboratory CV, %
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What should we pay attention to?
Analytical interferences

« Each instrument is IFCC and NGSP certified

58 samples/h
Flexibility+

192 samples/h
Productivity+ CAPILLARYS
‘ 3 TERA TLA
\?','

CAPILLARYS 3

64 samples/h TERA MC3
.CAPILLARYS 3 T«
TERA <&
43 sagdes/h .
CAPILLARYS
3 OCTA )
8 samples/h .
;\_}
‘MINICAP
FLEX Stand Alone Workcell TLA

PIERCING

A solution fitted to ¥our needs !




What should we pay attention to?
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What should we pay attention to?
Analytical interferences

 Triglycerides, total hemoglobin, aspirin, etc

* List of interferences on the NGSP website:
— http://www.ngsp.org/interf.asp and http://www.ngsp.org/factors.asp

Interference (Yes/No)

Method

(listed in alphabetical i i

order by manufacturer) Hb C trait Hb § Hb E Hb D trait Elevated | Carb
trait trait HbF Hb

Sebia Capillarys 2 Mo 13,59 Mo Mo 13, Mo 13,59 Mo =15% Mo

Flex Piercing 13,59 64 59 43 48,49,

50
Sebia Capillarys 3 Mo 13,59 Mo Mo 13, Mo 13,69
Tera 13,69 64,59



http://www.ngsp.org/interf.asp
http://www.ngsp.org/factors.asp
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What should we pay attention to?
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What should we pay attention to?
Biological/clinical interferences

* Presence of any pathological condition that could
Impact RBC lifespan and thus the Hb Alc
production:

* Hemoglobin variants (e.g. Hb S)
* Thalassemias

* Around 7% of the worldwide population is carrier
for an hemoglobinopathies (WHO)

T
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What should we pay attention to?

Biological/clinical interferences

* In Estonia, according to the genetic T —————

&
'] - Name

background (Finnish, Russian...), B

B ANYU delta 12(A9) Ass>Lys
lmm.am:.m_m beta Inaticn codon MG The
Cadon 15 (G->AY, TGGTrp)->TGAlstop codon) hetsd beta 15(A12) TrpoStop
beta 24(B6) GhyoAsp
bea 2789 Al A
betaxt 143 GoA
betazt 4 TC
betant HET>C
] 'GC tame 252GoA
betant 272G>C
beta 30(B12) ArgoSer

thalassemia, and Beta Hb Variant
are found (HbS, Hb E, HbD, HbC) Beta Thalassemia

beta 67(ENL) Vab>Met

beta 52(FS) Hi>Pro

beta 92(FS) HuvArg

beta 2 456 GoA

beta st 1145 OT

beta 114(G16) LewPro

beta 1IS(HIT) AsoAsp

Pro- insertad between codoms 1250

Change in population figure, 2008-2017

o - Netmnon e T e
4.000 / Natural increase
By globin b peu edubbvarmes bl August 22, 2019
2,000 i) B Adusted change
NS in population figure http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3
0 —
200 I1 ll I II  In Estonia, there is a change
4,000 | &8

s In population with a positive

2008 2000 2010 201 2012 2003 2014 2016 2016 2017

In caiculating the population figure, Statistics Estonia uses rules for identifying permanent net mi g ration
resigents, I.e. the residency index. See how register data are used (o determing who is a
permanent resident and who has left Estonia. More detalled information on the residency index

Is available in Quarterly Bullelin of Stalistics £sienia 1/2017
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What should we pay attention to?
Biological/clinical interferences

Blind methods
(1A, BA, ENZ)

Separative methods
(CE, HPLC)

5.1%
32 mmol/mol
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What should we pay attention to?

Biological/clinical interferences

Blind methods
(1A, BA, ENZ)

\ 4
 Justanumber. Noadded value.

Separative methods
(CE, HPLC)

5.1%
32 mmol/mol
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What should we pay attention to?
Biological/clinical interferences

Blind methods Separative methods
(1A, BA, ENZ) (CE, HPLC)

5.1% 5.1%
32 mmol/mol 32 mmol/mol

Just a number. No added value.

%
%
%
%
|
%
|
|
|
|
|

Appropriate comment for the clinician



. seba
What should we pay attention to? Solution
Biological/clinical interferences
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What should we pay attention to?
Biological/clinical interferences

Effect of RBC Lifespan on HbA1c

. Difficult to accurately measure rbc lifespan
. rbc lifespan ranges 100 - 140 days (average 120 d)
. Assume rbc lifespan is 120 = 10 d

. If HbA1c is 7.0% with lifespan of 120 days
110 days = 6.4%
130 days = 7.6%

Adapted from Sacks D, AACC Webinar 2012
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What should we pay attention to?
Biological/clinical interferences

Analise descritiva de dados de HbAlc, area de Hb, % de area de Hb e glicemia de jejum

associados ao perfil cromatografico por HPLC dos clientes com genétipos de Hb AA, AS e AC
IELEIEN obtidas das amostras de sangue total periférico dos 150 clientes participantes do estudo

Varidveis (n) Média Mediana Desvio padrao EPM
:""""m}é{'i'éul:llB}i\'ii ......................... e — N — 5 o
e ——— — T T 06034 41847
.............. TN S NN ¢/ S L . 7,383
............ ALCHDAS | 01980t~ A1 Patients with Hb

Area HbAS — 2049242,17 2028470 4889  AJS or Hb A/C

GJ HbAS - 155 132 80,1 have a lower Hb

% Area S - 34,51 35,05 7 Ale4s3
:""""mﬁlluéul:llt'ﬁ}i'('f ......................... A - EEE— S o 0.40
e e S S e - 136564

GJ HbAC — 153 133 81,46 15,97

% Area C - 30,36 30,45 3,54 0,62

Hb: hemoglobina; HPLC: high-performance liquid chromatography; EPM: erro padrdo da média; GJ: glicemia de jejum.

Adapted from Menezes MGS et al., J Bras Patol Med Lab. 2012
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What should we pay attention to?
Biological/clinical interferences

Male, 72y

Hb S

Presence of abnormal Hb
peak =Hb S

Sickle Cell Trait, possibly ) %

leading to spuriously
low Hb Alc value

Detection of Hb S
while Hb Alc is measured
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What should we pay attention to?
Biological/clinical interferences

Table 1. Hemoglobin (Hb) A;. (Hb A;.) Values
Obtained by 4 Different Methods in the Presence of

Homozygous and Compound Heterozygous Hb

Variants
Hb A, %
Variant Il Synchron

Hb Variant Turbo 1.0 System® Primus® Integra®
SC 247 4.7 4.9 6.3 . . .
SC 22.0 43 47 6.1 Patients with Sickle Cell
o e Ve a0 Disease have no Hb A and thus,
SC 25.9 4.6 43 55 no Hb Alc. But some HPLC, IA
55 14.4 4.6 3.3 4.0 .
<S 138 44 11 39 and BA methods give a Hb Alc
55 15.8 5.1 4.0 4.5 I I |
o 2 7 N results, without any warning!
55 23.2 4.2 3.9 4.7
S—B-thalassemia 13.3 4.6 4.9 42
S—P-thalassemia 33.0 5.3 5.3 5.8
S—P-thalassemia 10.8 5.4 6.7 7.3
S—P-thalassemia 8.9 5.1 5.4 6.3
S—P-thalassemia 36.3 4.5 4.7 5.4

Adapted from Rhea JM et al., Arch Pathol Lab Med. 2013
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What should we pay attention to?
Biological/clinical interferences

Foetal Hb

* Increased level of HbF in case of
» Hereditary persistence of HbF
* 3-thalassemia
« Sickle cell disease
* Pregnancy
* Anemia
* Leukemias
* Diabetes (Insulin treatment)




|

Peak Name

Ala
Alb
LA1c
Alc
P3
P4
Ao

20.0
17.5
15.0
12.5
10.0
7.5
5.0
2.5
0.0

Calibr.

%
1.
2.5
1.7
3.8
1.5
82.0

Analytical interference B

0.170
0.245
0.440
0.529
0.786
0.882
1.044

24718
64268
42265
190731
96362
37068
2069482

on HPLC

Retention Time (min) Peak Area

%HbA1c =

[100 x (HbA1c area /'3 I:H&.a‘;‘gg)]

in which the

|
0.50

|
0.75

Time (min.)

& Alb are minor glycated HbA

co-elutes



IMMUNOASSAYS
%HbA,_ =
Hb A [HbA,_.] / [Total Hb]

Total Hb will be falsely increased

@ by elevated HbF
[Tota’-l b]

Hb A, [Hb A, )

I A

Hb F




CAPILLARY bt
B ) ECTROPHORESIS

Profile with HbF £23%, Hb Alc can be reported with a

comment after evaluating the clinical context
] @i Do T AL & = ]w =t

S

s




What should we pay attention to?
Biological/clinical interferences

* Presence of any pathological condition that could
Impact Hb Alc production (clinical and/or analytical
Interferences):

influencing Variable change in
A Increase d A, Decrease d A A,
- - - 1. Erythropoiesis  Iron deficiency, Administration of
* Iron Deficiency Anemia vieming,  enyivopoiin, ron
deficiency, or vitamin B..:
decreased reticulocytosis,
erythropi chr I
dis

- Vitamine B12 deficiency T e

methemoglobin

3. Glycation Alcohalism, Ingestion of Genetic determinants
. . hroni I spirin, vitamin C,
failure, decreased  vitamin E; certain
* Antiretroviral treatment envhrooyie A hemodlobinopathes
eeeeeeee
rythrocyte pH
4. Erythrocyte Increase d Decrease d
. . destruction erythrocyte erythrocyte
L] Hyp thy d I I I lifespan: lifespan:
e r ro I I S splenectomy hemoglobinopathies
plenomegaly,
heumatoid
arthritis, drugs
Y Et such as
C antiretrovirals,
ribavirin, and
dapsone
5. Assays Hyperbilirubinemia, Hypertriglyceridemia Hemoglobinopathies

Adapted from Gallagher EJ et al,
Journal of Diabetes 2009

Figure 1 Factors influencing A; ..




What should we pay attention to?
Biological/clinical interferences

Pathology Effect on Hb Alc Effect on Hb

Iron Deficiency Anemia Spuriously high Hb Alc values Lowered Hb A2
Vitamine B12 deficiency Spuriously high Hb Alc values Elevated Hb A2
Antiretroviral treatment Spuriously low Hb Alc values Elevated Hb A2
Hyperthyroidism Spuriously high Hb Alc values Elevated Hb A2

$

Hb A2 can be seen
and quantified by CE
and few HPLCs




What should we pay attention to?
Biological/clinical interferences

HPLC using short elution program (HbAlc mode)

%A1c

20.0 35m00 629m0D i
17.5 -
15.01 S E '
12,5 ' 2 i :
. b
10.01 : : .. .
7514 3 * '
S0 4 s
251 1 .
0.04 4 AF : L
00 05 1.0 15| 2.0 25 3.0 :hlllj_ [ 1 T

Time (min.) 0 3'0 60




What should we pay attention to?
Biological/clinical interferences

Female, 57y

MCV = 77.6 fl (1)

Iron = 6.06 umol/l (!)
Ferritine = 13.3 ug/l ()
Transferrine = 3.38 g/l (1)

IDA, possibly leading to
spuriously high Hb Alc
value

7.1% (V)

1.6% (!)

Detection and quantification of the Hb A2
while Hb Alc is measured
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Presence of SEBIA Hb Alc capillary technology
In the Nordic countries

- (Dark-Green) Estonia. E (Light-Green) The rest of the European Union (EU). |:| (Dark-grey) The rest of Europe. |:|
(Light-grey) The surrounding region.
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SEBIA Hb Alc capillary technology

experience worldwide

"4) Allows autonomous overnight running for big laboratories

-04) Faster TAT compared to track solution
04) Cost saving solution compared to total laboratory automation

.9) Many possibilities of workflow due to multiple techniques on board and the
system flexibility

St Giovanni hospital in
Florence, Italy

Two MC3 configurations for
HbAlc/Hb and P6/IT




Sebia support YYY X
Scientific Activities

&
c‘ We value and support good
e et scientific practices
and La bn:.rorv'v'ln'

Main activities

= Technology evaluations
Laboratory accreditation
Clinicians’ education programs

OILD

ESH @ !peamgemrcma‘,- MP = User’s assistance for
EUROPEAN <l Inserm interpretation
HAEMATOLOGY ° MYEIGma - S . tf Ad . B d
e Parients cientific Advisory Boar
= KOL collaboration

Europe
&inszen (Myeloma
FEDERATION




The Sebia support

Customer support — STC and Sebia Academy

- Fully dedicated to total customer satisfaction
offering daily assistance for technical and
scientific matters

- Second Level support composed by 6 PhDs,
highly qualified to answer to the customers
needs

SCIENTIFIC AND TECHNICAL SUPPORT

The Scientific Support Department based in our local Headquarters and at the Sebia
affiliates level is dedicated to ensure customer support — 6 Highly qualified PhD

Sebia Academy
In the last 3 years, the Scientific & Technical Support Department at the Headquarters in

France, delivered training to about 5600 people (customers and distributors), both on site
and during local events.
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Unique Sebia Hb Alc Separative Solution:

We do it rlght better, and faster!

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
0

' Direct customers : Indlrect customers : Indlrect customers :
Laboratories i Clinicians : Patients :
2 V/ |
u f .
Productivity Accuracy :  Comprehensive
Walk-away : : Maedical expertise results :
Accuracy : : Reliable treatment :

AEDUIELE Optimal Less

treatment complication

and Fast
Diagnostic




Conclusions




Conclusion

*Hb Alc is an important diabetes marker
« Long-term glycemia

*Hb Alc responds to a strict IFCC definition and
calculation
* Hb Alc is not glycated hemoglobin

*Hb Alc production is sensible to pathologies
affecting RBC lifespan




Conclusion

* When choosing/using Hb Alc method, we should
pay attention to:
* The analytical performances (CV and bias)

» The analytical interferences (all conditions that interfere with the
measure)

* The biological/clinical interferences (all condition that can lead
to misinterpretation of the Hb Alc value)

*Only separative technique (such as capillary
electrophoresis) bring medical added values
 Allow simultaneous detection of several pathological conditions
« Permit a correct Hb Alc interpretation




Any questions?




Tanan tahelepanu eest!
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