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American Diabetes Association
Workgroup on Hypoglycemia (DEFINITION)  ueees care, 2005
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International Hypoglycemia
Study Group (DEFINITION)

Diabetes Care, 20‘17‘
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Plasma Glucose < 70 mg/dl : Glucose alert wﬂfqe
e \0\\6
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Glucose alert value (PG <70 mg/dl) @ 6\\06 @’\0\\

(Sufficiently low for treatment with fast-acting carbofyd.?@c%qa@dose adjustment of glucose-
lowering therapy) \/\/P:‘ 6@\‘5

Clinically signifcant hypggﬁfc%m&? (< 54 mg/dl)
(Sufficiently low to mdmaﬁ&Pe‘ré@gx@ clinically important hypoglycemia)

\39(6\ \16‘6\
Severgk%@g‘l‘,)cemla no speficic glucose threshold)

I@(pgglycemla associated with severe cognitive impairment requiring external assistance for
recovery



HYPOGLYCEMIA IN DIABETES
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....The average patient with T1DM suffers two e%s@&‘%;\%&@f‘ moderate
hypoglycemia/week, thousands of such episodes og@”%‘e%@@@\time of diabetes
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and one episode of temporarily disabling hyg@g[?%a%m‘i%, often with seizure or
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hypoglyceggig@%l@aéareases during intensified treatment
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12-month Frequency of Severe Hypoglycemia *
According to Age

* 1 or more events: defined as seizure or loss of consciousness
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Incidence of Severe Hypoglycemia in Diabetes in Italy
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Severe Hypoglycemia and Hospitalizations

D
)
oo
O\
66\
) Selvere . ® Decompensated \\6\'\'3(\ 0\\6“\\’
ypoglycaemia iabetes p . AN
lyce mia__ N o\

0 \& "3@66\
NG ‘\6«&\ ommonest OAD was

[ Chronic S i i
compiiat . 6\)"\66(6 7 glibenclamide
of diabetes 17% \© " o 49% were demented
K &S
(eg'a e 50% had renal
Acute ] eé\Q impairment
cardiova?cM 66 m@\current illness ° Average HbA. was <
events 0
C 14% 1c
13% ?@P§(€;\o<\e 6,5% (<48 mmol/mol)
2 e
6\36 e\ ¥
7\ \le(
aQ(GQ ) {\GG
SO T @

0\690 Severe hypoglycemia accounts for almost 20% of all hospitalizations
for type 2 diabetes in the elderly

Greco D et al. Exp Clin Endocrinol Diabetes 2010



. Rates of Estimated Hospital Admissions for Hyperglycemia and
“Hypoglycemia Among Medicare Beneficiaries with Diabetes Mellitus,

1999 to 2010
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Emergency Hospitalizations for Adverse Drug Events

Table 4. National Estimates of Medications Commonly Implicated in Emergency Hospitalizations for Adverse Drug O\og\a‘
3

Events in Older U.S. Adults, 2007-2009.* ‘Q\Oe"
Annual National Pmpnrt@c\fpv
Estimate of Emer, e&@%g aifment
Hospitalizations . \Vasits gin
Medication (N =99,628) o\ Kl Nofization
o\
no. % f&%’%&d\\a\\a %
Most commonly implicated medicationsT \)\6 66 36\
) S
Warfarin 3,078, C ﬁd\i@}za.ﬁ—aa_ﬂ 46.2
Insulins /\'\,\Ps,‘s;gé O\ 7 13.9(9.8-18.0) 40.6
Oral antiplatelet agents "Q?\O-Vi‘ AL 13.3 (7.5-19.1) 41.5
Oral hypoglycemic agents v NS 10,656 10.7 (8.1-13.3) 51.8
Y \\ M
Opioid analgesics ﬁg?? o o 4,778 4.8 (3.5-6.1) 324
Antibiotics ??\P‘ e‘9;\0(\ 4,205 4.2 (2.9-5.5) 18.3
Digoxin 6\3 dae\‘a\‘ 3,465 3.5 (1.9-5.0) 80.5
Anti.w@@ﬁ@gé% 3,329% 3.3 (0.9-5.8) 51.5
%‘\\"\\lﬂﬂt aa@eéréic agents 2,899 2.9 (2.1-3.7) 35.7
6\690 Renin-angiotensin inhibitors 2,370 2.9 (1.7-4.1) 326
Sedative or hypnotic agents 2,469 2.5 (1.6-3.3) 35.2
Anticonvulsants 1,653 1.7 (0.9-2.4) 40.0
Diuretics 1,071% 1.1 (0.4-1.8)% 42.4

Budnitz DS et al.: N Engl J Med 365:2002; 2011



Hypoglycemia
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Therapeutic options in Type 1 Diabetes

Insulin (MDI or csii) &
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Therapeutic op&@m it Type 2 Diabetes
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Hypoglycemia
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e Nondiabetics;
O Type 2 DM-OHA;
[0 Type 2 DM-Insuli

n

Non-
diabetics

Age (years) 50+ 6 56 £ 6
Female/male 8/7 4/3
BMI (kg/m?) 30.2+ 1.0 32.4+2.7
HbAIc (%) 5.6 0.4 8.6 +a1°
N S
Years of OHA or — ?ﬁh %5\0
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Fasting C-peptide (éQ@ 1"8;6\16 23+1.1 1000
\ —
(ng/ml) \\\\\‘aQ ?e( ‘ % 8oo
e 2
\O € 600
© =
£ 400}
(NN ]
200 1

Segel S.A. et al.

Diabetes 51:724-733,2002

75 65 55 45

X0\

&

ng/dl

15 ~

0%

180 240

Time (min)

120 300

(pmol/)



Recurrent Hypoglycemia
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o*" Hypoglycemia-Associated Autonomic Failure
(HAAF)

Cryer PE. Diabetes. 1992; 41:255-60.



...recurrent hypoglycemia and
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“failure to recognize the warr@gﬁmﬁe’éoms of hypoglycemia
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INSULIN TREATMENT

in diabetes
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Symptoms and Cognitive Dysfunction Occurr Almost

Simultaneously in Older Individuals
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Arterialised blood Glycemic thresholds for subjective symptomatic awareness of ycemia and
glucose (mmol/1) for the onset of cognitive dysfunction in young and elderg(\@&d\c(géﬁc males
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Zammit NN et al. Diabetes Care 2005, based on data derived from Matyka et al. 1997



Hypoglycemia Unawareness in Older Patients with T2 Diabetes

14
12 anxiety, palpitation,
o g 10 hu':gs'rl,':wiating,
irritability, tremor
£S5 s
<Y
o) 6
£ &
Tl
2
0
Baseline
12
10
g dizziness, tingling,

blurred vision, d| (Ul
6 to concent %t@. nt%@\

Neuroglycopenic
symptoms

4 \
ol (3
‘3 6\16
%\\\%3 6‘ ‘ i
0% 0
VOO
O Baseline Hypo Recovery

At the end of the hypoglycemic clamp, 7 of 13 middle aged patients, but only 1 of 13 older patients,
correctly estimated their blood glucose level to be 3.3 mmol/|

Bremer JP. et al. Diabetes Care 2009; 32:1513-17



Type 2 Diabetes

Age-Related Symptoms of Hypoglycemia in people with
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Hypoglycemia in the Elderly
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Factors Contributing to Hypoglycemia

___ inQOlder Adults with Diabetes
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Stringent glycemic control ‘ (\@d\?,:
Hypoglycemia unawareness ‘6(6\\’6\3&&\9'
Medications: insulin, sulfonylureas, glinides \@6901@\6

Number of medications d\)\aa S

Poor coordination between insulin admg\m&tfag@ﬁeand food delivery
Chronic hepatic or renal dysfunctwbg\,\/ &
Intercurrent acute illnesses, sP\e@ AC %\Q
Dementia 065 0 9
. P o0
Social isolation __¢®™ &



Consequences of Hypoglycemia
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Cardiovascular events (2 0\6‘03
A
Dementia ® AP\
g W ‘\d\’\’&\\a
Reduced quality of life 5 co’ \\6@5
RN\
L. SN
Experiencing fractures © P o2°
oY ~N©
: : S~ o
Fear against hypoglycemic therapy ) 6\,\}3;6 &S
¥ @
Overall mortality ® Q ?‘\e & ®
QP~ "G
Increase in body welghp(x@gfq@s?vg eating) ©
Car accidents (103@ 6@:6 aV
Increag@@égét tﬁ‘ethe expenditure on diabetes (2
O\@Q
1) Johnston SS. et al Diabetes Care 34:1164-1170, 2011. 2) Desouza CV. Et al. Diabetes Care 33:1389-94, 2010.
3) Whitmer RA et al JAMA 301:1565-1572, 2009. 4) Green AJ et al. Diabetes Res Clin Pract 96:313—318, 20125)
5) McCoy RG et al. Diabetes Care 35:1897-1901, 2012. 6) Johnston SS et al. Diabetes Obes Metab 14: 634-643, 2012.
7) Laiteerapong N et al. Diabetes Care 34:1749-1753, 2011. 8) Leiter LA et al. Canadian Journal Diabetes 29:186-192, 2005.
9) Foley JE et al. Vasc Health Risk Manag 6:541-548, 2010 . 10) Cox DJ et al. Diabetes Care, 29: 467-42006

11) Frier BM. Br J Diabetes Vasc Dis 11: (Suppl 1) S10-S12, 2011
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Association of Severe Hypoglycemia with the Risk of an
Adverse Clinical Outcome or Death

Severe No Severe ‘\a‘
Hypoglycemia Hypoglycemia G\O\Og
Events (N=231) (N=10,909) Hazard Ratio (95% CI) P\
o O\
no. of patients with events (%4) > 6\
Major macrovascular events 33 (15.9) 1114 {10.2) I . (\ . \.
Unadjusted model i —a— %ﬂﬁ@é‘%ﬁ?ﬁb\\a P
Adjusted model —— . O\ T (L 4L5
Majar microvascular events 24 (11.5) 1107 (10.1) : 600\6 . Q@é\
. |
Unadjusted model | —l“@ s d\\:&\ﬂ {1.60-3.59)
Adjusted model \lb\a& 66\ 2.19 [1.40-3.45)
Death from any cause 45 (19.5) 986 (9.0) ed I e(e
Unadjusted model \ S G d}(\\‘ —-— 4 86 (3.60-6.57)
Adjusted model 6\,\/P:‘ > d\ S | —— 3.27 (2.29-4.65)
: e xed o :
“Severe hypoglycemia was strg ciated with increased risks of a range
of adverse clinical mes is possible that severe hypoglycemia

contributes t pﬁ@eg@ Sutcomes, but these analyses indicate that

hypoglycemig @ﬁl\s.?;c\a?é?}kely to be a marker of vulnerability to such events”

,a('a \‘G(G N Engl J Med 2010;363:14108.
Q(GQ <\06
%\\\\\6 ?@d]usted model

R 2.97 (1.90-4.63)
(e) Adjusted model | —a— 2.20 (1.31-3.72)
\oP Diseases of the skin 6 (27 146 (1.3 |
O\ (2.7) (1.3) [
Unadjusted model : —_— 5.02 (2.20-11.40)
Adjusted model | ———— 4.73 (1.96-11.40)
Cancer 5(2.2) 149 (1.4) |
Unadjusted model | ——————— 3.44 (1.40-8.42)
Adjusted model _ 2.11 (0.65-6.82)

01 1.0 10.0




Andrew J. Karter. PhD

Dementia in Older Patients Kristine Yaffe, ."rl.ll
With Type 2 DiabEteS Mellitus Charles |-'. (Juesenberry Jr, PhD g\a

Joseph V. Selby, MD ) ,,\0\0

Helpoglycemic Episodes and Risk  Rachel A Whitner. Phb

. O\
Cohort study from 1980-2007 of 16 667 patients; mean age of 65 years 6\0
Table 3. Hypoglycemia and Risk of Incident Dementia. \\a\\

Table 3. Hypoglycemia and Risk of Incident Dementia®

X+ 6 Lf)\\6
Hazard Ratio (QS%Mflca@Wterval)
! g \)\0 7. % - g
Adjusted for Age 6 (e Additionally Adjusted
No. of (as Time Scale), BMI, for 7-Year Mean HbA,. Level,
Hypoglycemic No. of Race/Ethnicity, Education, S x‘ e w ionally Adjusted Diabetes Treatment,
Episodesb Dementia Cases and Duration of Dlabetqsss (-\\ Comorbidities® and Years of Insulin Use
1 or more 250 168 (1.47-10%Y o000 1.48 (1.29-1.70) 1.4 -1.65)
1 150 1, 451,1,@3‘6‘?@) Q\Q‘ 1.29 (1.10-1.53) 26 (1.10-1.49)
2 57 2R N.642808 7 1.86 (1.42-2.43) 1.80 (1.37-2.36)
3 or more 43 A ) @\@\é 79) 2.10 (1.48-2.73) 1.94 (1.42-2.64)
Abbreviations: BMI, body mass index; HbA,., gly ‘hémo @U \_/
aAnalyses combined using Cox proportion ode &
The 1 or more group was compared to O more groups were simultaneously compared to 0.
C Adjustment made using a comorblch% OSIt
6\0
Among S{dﬁr Q@ﬁ‘énts W|th type 2 diabetes, a history of severe hypoglycemic episodes was
A\
05\\\\‘ °° associated with a greater risk of dementia.
VOO | _ _
o we observed a 2.39% increase in abso-

lute risk of dementia per year of fol-
Whitmer, R. A. et al. JAMA 2009;301:1565-1572 low-up for patients with history of hy-
poglycemia, compared with patients
without a history. Although this 1-year



Diabetologia (2009) 52:2328-2336
DOI 10.1007/s00125-009-1484-7
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Cognitive function and risks of cardiovascular disease 096 .
and hypoglycaemia in patients with type 2 dlabet%.\\ﬂu;@@» ion
in Diabetes and Vascular Disease: Preterax C]\,z cron
Modified Release Controlled Evaluatwg&@f’}g‘d&ﬁCE) trial
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Fig. 1 Proportion of patients with clinical outcomes during follow-up
according to cognifive function status at baseline. White bars, normal
cognitive function; grey bars, mild cognitive dysfunction; black bars,
severe cognitive dysfunction. CV, cardiovascular. *p for trend <0.0001



Current Approaches Available to Prevent Hypoglycemia in Diabetes
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Register Events and Asses the Perception of Hypoglycemia
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Insulin-treated patients with hypoglycemia una\%‘ﬁ@h @@or an episode of
severe hypoglycemia should be advised tows(%et?)e/r glycemic targets to
strictly avoid further hypoglycemia fo‘r;i\aecd\lefé\st several weeks in order to
partially reverse hypoglycemlgog@%yw%ness and reduce risk of future

episodes. (A) OQQGP‘ P
?‘?w
ADA Standards of Wal @k% in Dlabetes — 2017 Diabetes Care 40:Suppl.1
O%\\\ro ?e(
O\@Q

Fanelli CG, et al. Diabetes 42:1683, 1993.
Fanelli CG, et al. Diabetologia 37:1265, 1994.
Cranston |, et al. Lancet 344:283, 1994.
Dagogo-Jack S, et al. Diabetes 43:1426, 1994.



Current Approaches Available to Prevent Hypoglycemia in Diabetes
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The Impact of Real-Time Continuous Glucose Monitoring in Patients 65
Years and Older

o
302
Total sample  Current CGM  CGM hopefuls  Univariate G\AQusted
(n=1285) users(n=210) (n=75) modik.a(\a rjodel
\%. 0\
Mild/moderate hypoglycemic episodes (yes/no) e\'a\ 5\6\
Moderate episodes (>1), past 6 months 232 (81.4%) 164 (78.1%) K}% \' %@‘@7 OR = 4,67+
BG reading < 70, with symptoms (>1), in past month 137 (56.8%) 99 (57.9%) /&},\ “OR = 0.86 OR = .37
BG reading < 70, no symptoms (1), in past month 147 (60.7%) 103 (59. ‘@@ \‘4‘@‘@ %) OR=1.13 OR=[.3l
Severe hypoglycemia-related events (yes/no) N’(\ "\ @0
Episode requiring assistance (>1), past 6 months |8| & Ii.{g@é‘% 60 (80.0%) OR =292 OR=35*
5\
\6
50% \Q\ 0
_ Qh\ég’ren GM user RT-CGM hopeful Univariate model Adjusted model
X" \ <
Episode requiring assistance ( y,e&%né)6 \© OR = 4,35%¥* OR = 5,53
During the 6 months st 6 154 (73.3%) 56 (74.7%)
or seel(lng R]é@ < (\GG CONCLUSIONS: These data
Last 6 °° 121 (57.6%) 60 (80.0%) suggest that RT-CGM use in
@@;\Sst d.ﬁerence — | 5.7%#5k +5.3% seniors is associated with

reductions in episodes of
severe hypoglycemia and
improved QOL.

W Polonsky et al. Journal of Diabetes Science and Technology 2016



Current Approaches Available to Prevent Hypoglycemia in Diabetes
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Assess for level of functional dependency (frialty) 6\0\6
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Individualize blood glucose targets \e’\""\ é\g\\@
Assess the perception of hypoglycemia to exclud&eg\‘{ﬁe g@é@%nce of hypoglycemia
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o‘\\‘

Glucose monitoring based on tee\,\e%rggl‘é\(lty of regimen and the risk of
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Use of insulin anangP\s@ﬁch@}%cose lowering agents with minimal hypoglycemic
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» Hypoglycemia Hospitalization Frequency in Persons with T2 diabetes
7 Mellitus: the French Health Insurance Database

S
o9
. e o xO
1440 patients were exposed to vildagliptin and 10019 to insulin secretagogues. ‘ \@‘OG
Rates of HH and of all emergency calls were significantly lower with vildagliptin \(\sau(bé Ilin secretagogues
WCAMIRYW
L\ A\
Vildagliptin S0/ Giihide
&b o . P-value
N=1440 \\,&6 6\\.21\1% 019
2 2
Person-years of exposure 58&66\)’,&:6(6 2° e
N° of patients with hospitalization f \/P‘«\ed\sd
of patients with hospitalization for 28 A 0
hypoglycemia (%) . o Q(@q@.m 59 (0.59%) 0.034
=
N° of hospitalization for hypoglycemi&?/ggP‘{\g\O'a\ 0 60
0)
P\$ R\Z
Adjusted rate of hospitaliza&igﬁ%(le(s\o 0.0 (0.0; 0.0) 13.6 (10.4; 17.5) 0.0003
hypoglycemia/1.000 I%:(@\@ e(e\'a
.o
N° of patienti)gi@ﬁge%emggncy calls (any cause) 60 (4.20%) 823 (8.21%) <0.0001
\\
\oP

N° ép\emercency calls 77 1035
Adjusted rate of emercency calls/1.000 PY 132.6 (104.6; 165.6) 235.0(220.9; 249.8) <0.0001

Detournay B., et al Vascular Health and Risk Management 2015



Current Approaches Available to Prevent Hypoglycemia in Diabetes
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Assess the perception of hypoglycemia to exclud&eg\‘{ﬁe g@é@%nce of hypoglycemia
unawareness P d\) e ?

o‘\\‘
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CONCLUSIONS

\o\og\a‘

- Ageing per se modifies the counterregulatory and symptomatic rawa‘?leses to
hypoglycemia R

ypogly ‘\\ 6\\6(‘\\@\‘\6 A\

— Effective self-treatment of hypoglycemia may be compromis%qa&’& \O

o\
o @
— Little knowledge of the symptoms and treatment of hyg@g%g&:@?are reported

S

eoed\){\\‘e(e

- Hypoglycemia in older people with diag\gﬁgés@‘tésos recognized and under reported
and this is of concern as in the e@eﬂ'y%lqm?%idity of hypoglycemia poses particular

problems and the mortalit&g@’v ‘\gqq\a\?recognized
<

G 0
QP 0@

<
- Efforts shoulc{,i-@c‘él%(émif?prevention by:
(o) S
- reco@iﬁ? Q@\r"lts and individualize targets of cure
‘\"\\‘9 g( & &
6\690%}'3

- educating the diabetes team, patients and care givers

S
tionaﬁizing use of drugs



Thank you for your attention




Severe Hypoglycemia in Type 2 Diabetes

"D
\0\09

4 - 586 persons with one first episode of severe hypoglycenjie)\a‘oe
3.38 \

Severe hypoglycemia / 100
person-years

RN
oS0
()‘\'3Q 0 ) :
Insulin Insulin  Sulphonylurea
+
Sulphonylurea No. of concomitant medications

Shorr et al. Arch Intern Med 157:1681-1686, 1997



Ospedalizzazioni per ipoglicemia grave: la nostra osservazione

"D
\O\og
Periodo dal 1° luglio 2005 al 30 giugno 2011 - 205 accessi in PS per ipoglicemia grave \.a‘oe
11 49.5% ha richiesto I'ospedalizzazione 66\9
Il 57 % in terapia insulinica, il 43 % con ipoglicemizzanti orali; di questi ultimi, Qlt{,&&l@@@%@‘%z %) era

trattato con sulfoniluree d\e\? @é\d\
22° A\
AN &
NP o2
6, &% e
Genere (M/F) 01@/‘1%
Eta (anni) ' 79 (3.8)
HbAlc (%) 6.2 (0.89)
Durata diabete (anni) 9.7 (11)
Creatinina (mg/4i) 1.68 (min 0.4; max 5.5)
eGFR (FDRR) 45 (7)
9 Glicemia al momento del ricovero (mg/dl) 35 (12)

Dati espressi come media (SD) se non altrimenti specificato



Loss of Awareness Increases the Risk of

Severe Hypoglycemia (SH)

. Type 1 DM
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Gold A.E. et al.

Diabetes Care 17:697-703, 1994
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Henderson J.N. et al.
Diabetic Med 20:10161021,2003



= Patients With Type 2 Diabetes and Dementia: the DIMORA Study

a‘
N . . . o
Patients with dementia and SH compared to those with dementia witout S \0\0
\\\
A&V
Characteristic Hypoglycemia, No Hypoglycemia, P v \\
n = 202 n — 981 \\a\ 6,@\\@
Age, y 85 (7) 82 (8) 600\9g
Sex (men/women) (65/137) (261/720) \\0 \(3\ \1
BMI 248 (34) 24.3 (4. 86\)\ 211
HbAlc, % 73(1.0) "i \\]3 008
ADL impairments 48(0.7) \,\/p\ 4 66‘,& =001
Length of stay, y 17(30) 7.7) .006
Comorbidities 2.2 b@v‘ A 1901, 2] 002
AOD, n (%) BP0}, 4n2 (43) <001 _|
Insulin use, n (%) Qt= 546&3? 335[ b) 001 |
Insulin = Eﬁ_‘oﬁwﬁe{é\oc W (6) 20 (B) 095
?)‘QO N2
Variables n(eQ?)\ Ge\t\lﬁthjusred OR(95%C) P Model AOD' OR (95%CI) P Model Insulin OR (95% () P
Metfqr{qm’b Vet 0859(0565-1306) 480  0678(0.380-1210) 189
onylurea 4931 (3.186-7630) <001 8805(4260-18.201) <001
O\ "Metformin + sulphonylurea 2931 (1.796-4.782) <001 6.639(3.273-14.710) 001
Clinides 0458 (0.164-1.281) 137 1486 (0.401-5.508) 554
[nsulin rapid 0.548 (0.355-0.848) 007 0.333(0.184-0.602) <001
Insulin intermediate” 1306 (0.537-3.175) 556 0.812(0211-3.123) 162
Insulin long acting 0414 (0.148-1.154) 092 0.248 (0070-0882) 031

A.M. Abbatecola et al.

, JAMDA 2015
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