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Overview

e Burden of metabolic syndrome (Met S)
* Mechanisms of hypertension in metabolic dysfunction

* Therapeutic approaches to hypertension in Met S

* Pharmacological considerations

» Effect of GLP1 receptor agonists



“Svyndrome X”

e 1988 — Reaven

* Insulin resistance
 Abdominal obesity
* Hypertension

* Dyslipidemia



“Svyndrome X”

* Higher prevalence of end organ damage
* LV hypertrophy & atrial enlargement
e Albuminuria & lower eGFR

* Hypertensive retinopathy
* Increased intima-media thickness




Table 1 The definitions of metabolic syndrome

WHO [9]

NCEP [11]

Modified NCEP [12]

IDF [13]

JIS[14]

Criteria for diagnosis of MetS

Hyperglycemia Fasting glucose

Dyslipidemia TG

HDL-C:

Hypertension  Blood pressure

Obesity WC

Waist/hip ratio:

Other

Diabetes diagnosis or
FBG= 110 mg/dL
or IR with > 2 of the
following

Already required

> 150 mg/dl

M: < 35 ma/dl
F:< 40 mg/dl

= 140/90 mmHg

M:>09
F:>0850r
BMI>30 kg/m?

UAE = 20 pg/min

Presence of any 3 of 5
of the following

=110 mg/dl

= 150 mg/dl

M: <40 mg/dl
F:<50 mg/dl or on
HOL-C Rx

= 130/85 mmHg

M: =102 cm
F->88cm

Presence of any 3 of
5 of the following

=100 mg/dL or on
Rx for elevated
glucose

=150 mg/dL or on
TG Rx

M: < 40 mag/dL
F:<50 mg/dL oron
HDOL-C Rx

SBP: = 130 mmHg or
DBP: =85 mmHg or
on hypertension Rx

M:= 102 cm
F-=88cm

WC>94 cm
{men); >80 cm
(women) with the
presence of = 2 of
the following

= 100 mg/dl or diag-
nosed diabetes

> 150 mg/dl or on
TG Rx

M: <40 mg/d|
F:<50 mg/dl or on
HOL-C Rx

SBP:= 130 mmHg or
DBP:= 85 mmHg or
on hypertension Rx

Already required

Presence of any 3 of 5
of the following

= 100 mag/dl or diag-
nosed diabetes

> 150 mg/dl or on
TG Rx

M: <40 mg/dl

F:<50 mg/dl in
women or on HDL-C
Rx

SBP: = 130 mmHqg or
DBP:= 85 mmHg or
on hypertension Rx

Ethnic dependent

EMI: body mass index; DBP: diastolic blood pressure; F: female; FBG: fasting blood glucose; HDL-C: high density lipoprotein cholesterol; IDF: International Diabetes
Federation; IR: insulin resistance; JIS: Joint Interim Statement; M: male; NCEP: National Cholesterol Education Program; Rx: treatment; SBP: systolic blood pressure; TG:
triglyceride; UAE: urinary albumin excretion; WHO: World Health Organization; WC: waist circumstance



MetS is prevalent in patients with diabetes
3 General adult population

et
t

Type 2 diabetes
Up to 80%

Type 1 diabetes
24%

F > M Diabetol Metab Syndr 2021;13:25




Impact of Met S and T2D on
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11,7
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without diabetes

Diabetes without
metabolic syndrome
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and diabetes

Percentage of patients with either metabolic syndrome or type 2 diabetes or both with controlled and uncontrolled blood pressure.
Met S (OR 2.56) and T2D (OR 5.16) were significant risk factors for uncontrolled BP

2-fold greater CV risk in those with Met S compared with those without (3.23 vs 1.76 events per 100 patient years)

J Hypertension 2008, 26:2064 — 2070
J Am Coll Cardiol 2004; 43:1817 — 1822



Inter-relationship of HTN mechanisms in Met S

High caloric intake
Increased leptin & leptin resistance
Baroreflex dysfunction

T Renin activity

Salt
sensitivity

Reduced T Angiotensinogen & aldosterone

adiponectin Upregulated Renal injury and glomerulomegaly
& leptin Insulin RAAS

resistance Resistance

&
Obesity

SNS
activation

Curr Hypertens Rep (2019) 21: 63
Curr Hypertension Reviews 2020; 16: 12 — 18.



Inter-relationship of HTN mechanisms in Met S

T Renin activity

Reduced T Angiotensinogen & aldosterone

adiponectin Upregulated Renal injury and glomerulomegaly
& leptin RAAS

resistance Resistance

&
Obesity

SNS
High caloric intake activation

Increased leptin resistance
Baroreflex dysfunction

Curr Hypertens Rep (2019) 21: 63
Curr Hypertension Reviews 2020; 16: 12 — 18.
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Role of gut hormones

e Contribute to vascular function and BP

* Gut microbiota — vasoactive hormones
* Intestinal MR (+ ENaC activity)
e G protein gustducin ( + SGLT1 expression)
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Early BP reduction post l[aparoscopic Rou-en-Y bypass

N=100, 79 stage 1 HTN
Reduction in SBP 11 mmHg and DBP 7 mmHg (first 6 months post op)
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Obes Surg 2009; 19: 845 — 849



Neurohormonal changes post bariatric Sx

* BP reduction observed before significant weight loss achieved
* Increased postprandial GLP-1 and peptide YY
* Decreased leptin levels
e Change in gut microbiota

Improved insulin sensitivity
Increase urinary sodium excretion (reduced SGLT 1 activity)
Reduction of SNS activity



Non-pharmacological approaches

* Lifestyle measures
* Caloric restriction (500 — 1000 calories/day)
* Low saturated fats, trans fatty acids and cholesterol
* Daily minimum of 30 min moderate — intense exercise
* Weight loss 7 —10% over 6- 12 months, with long term maintenance
* Smoking cessation



Effect of types of antihypertensive treatment
in risk of incident diabetes

ARB

ACE inhibitor
Placeba

CCB

E bdocker
Dauretic

-
il

1 T 11 |
050 070 090 136

Odds ratio for incident dabates

Lancet 2007; 369: 201 - 07

0-62 (0-51-0-77) pc0-0001
0-67 (0-57~0-79) pO-D0:1
0-75 (0-63-0-B9) p=0-001
0-79 (0-67-0-92) p=0-004
0-93 (07 B-1-11) p=0-43
Rafarart

Inooherence= 0-05.4



Pharmacological considerations

Thiazide diuretics
* Potential diabetogenic effect

* No increased CV risk in patients
with IGT or diabetes on
Chlorthalidone compared with
patients on ACEi or CCB

Fasting BSL > 7 mmol/L
* p<0.05

o . 8.1%
amiodivine - T * 8%
chiorthalidone ™ 11.6%

0 2 4 6 8 10 12 14

M 4 years M2 years

ALLHAT Hypertension. 2006;48:219-224



* Decreased insulin release in low-potassium state
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Pharmacological considerations

* Beta blockers
* Higher incidence of new onset diabetes (LIFE, ASCOT)
* Carvedilol — better metabolic profile compared to traditional beta blockers

A=-14.0 A= 2.5
(95% CI -22.3, -4.9) (95% Cl -6.1, 11.9)
P<.01 P=NS
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: : o 3 3 Lancet 2002; 359: 9311:995 — 1003
GEMINI trial Hypertension 2005; 46:1309-1315. Carvedilol Metoprolol Tartrate Diabetes Care 2008; 31: 982 - 988

(n=388) (n=542)



Table 2. Cardiovascular and Metabolic Measures In the Modifled Intention-to-Treat Population*®

Carvedilol n = 454)

Meatoprolol (n = 657)

Maintenance Maintenanca Treatment Difference
Month 5 or Month & or I ]
MNo. of Last Obsarvation U Mo. of Last Obsarvation % % Change P
Parameater Participants Baseline Camed Forward Change Participants Baseline Camied Forward Change [05% CIyt Value
BP, mean (SE), mm Hgt
Sysholic 454 149.4 (0.6) 131.30.7) -17.8(0.7) 636 140.2 [0.5) 1323108 -169106 -1.0-2601t00.58) 21
Ciastolic 454 87.000.4) Fr.1(0.4) —10.00.4) 636 86.3 (0.4) 768 {0.3) -1030.3) 0.29(-061 to1.20) 83
Heart rata/min, 454 3.7 (0.5) 67.6(0.4) 6.7 (0.4) 636 745(0.4) 66.0 {0.4) S83104 1607010258 <0
mesn (SE) .
Mean ACRH, mg/a§ J88 13.3 111 -14.0 o42 12.0 13.3 25 |-16.2(-2531 to -58%) .003
Mean HOMA-IRG 371 6.0 bAa -9.1 240 bB 6.2 210 —7.2[-13.8 10 0.2) 004
Mean plasma 419 147.0 164.7 6.6 e0v 147 .4 188.6 106 ——=AorETItoorE .10
giucose, mg/dLt
Mean serum 387 216 196 -19.4 561 21.2 202 -15.1 421670824 51
insulin, pilmLt
Mean body weight, kot 456 8.2 g7.2 047 650 a7.0 082 1.2 -1.0(-1.43 to 0.60) | .00
Mean serum cholesterol
levels, mg/dLg
Total 433 185.6 181.7 -3.3 625 185.6 1856 0.4 29460 -1.15 .0
LOL 411 186.6 06,7 4.0 a2 1006 96.7 2.7 -1.3[-4.31 0 1.78) 40
HOL 432 46.4 425 -55 625 46.4 425 5.7 0.2(-1.6810212 A3
Mean frighycarndes, 433 150.4 168.3 2.2 625 168.3 186.0 132 —9.8 (-13.68 to -5.74) .00
mg/dL5

JAMA 2004, 292 (18): 2227 - 2236



Pharmacological considerations

e RAS inhibitors

* Drugs with neutral effect on glucose and lipid metabolism
* No difference between ACEi and ARB in risk of incident diabetes
» ? Difference in CV events and mortality



ACE inhibitor All-cause mortality HR (95% CI) ARB All-cause mortality HR (85% CI)
(random effects model) - (random effects model)

| RENAAL losartan  — fu 1.03 (0.83-1.29)
ALLHAT Lisinopril e 103 (0.90-1.15) | IONT Irbesartan 092 (0.69-1.23)
: ' LIFE Losartan _gg 4 0.88 (0.77-1.01)

ANBP-2 | it 090 (0.75-1.00) | '
Enalapril : SCOPE Candesartarr—— 0.96 (0.81-1.14)
: | VALUE - 1.04 (0.94-1.14)

piotHYVET  Lisinoprit — 0.99 (0.62-1.58) | E
: i MOSES Eprosartan L 1.07 (0.73-1.57)
JMIC-B IStNORL] i/ = 132(0.61-2.86) | JIKEI HEART fe 1.09 (0.64-1.85)

enalapril : ;
: ' PROFESS Telmisartan 1 1.03 (0.93-1.14)

ASCOT-BPLA Perindopril -8 0.89(0.81-0.99) |
: i TRANSCEND —— 1.05 (0.91-1.22)
aovance Ferindopril _g: 086 (0.75-0.98) | CASEY Candesartane—— 0.85 (0.62-1.15)
: HIW-CREATE -, dacartan E i3 1.18 (0.83-1.67)
HYVET  Perindoprit=—; 079(085-0.9) | kyoroHEART 0.76 (0.40-1.30)
: { NAVIGATOR Valsartan —HH1 0.90 (0.77-1.05)

Overall < 0.90 (0.84-0.97) |
; ' Overall &P 0.99 (0.94-1.04)

I | - 1 | E | ] - | !
0.50 075 1 133 2.0 ; 0.50 075 1 133 2.0
HR (log scale) 5 HR (log scale) Euro Heart J 2012; 33,
ACE inhibitor better Control better ' ARB better Control better  2088-2097

P faor heternoenetyv 0 310 1€ 169%, P far heteroaeneidv 0 631 12 0%



Incidence per 1000 pa ten By s

Role of GLP1 agonists
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Lancet 2021, 398: 262 - 276

* Clinical trials in patients with T2D
and hypertension

* Extensively with Liraglutide

* Reduced SBP by 7.7 mmHg over 7
weeks and loss of 2L extracellular
fluid

e Reduced MACE and all-cause
mortality by 12% (HR 0-88, 95% Cl
0-82—-0-94)



Actions of incretins (GLP1 and GIP)

DPP IV inhibitor (Vildagliptin)

Liver GLP1R agonist (Dulaglutide)
\ / %’ resistant to DPP 4

GI tract Oral glucose load or P

meal consumption -~~~ GIP ~‘\‘

o 13;1,21‘,'
) i INACTIVE Improve glucose metabolism
! / STIMULATION e (;_LP- T~ ) . ) )
‘~~-Q-§_6),/\' increase insulin secretion
N' suppress glucagon
hypothalamic appetite suppression
Reduction in weight

Sympathetic Pancreas nsulin secretion
nervous system p-cell proliferation
ns

(AR 3 Insulin biosynthesis
Weight i
Glucagon secretion
Food intake

p-cell apoptosis




Incretins and BP regulation

e GIP and GLP1 secreted from intestinal
cells post food ingestion

* GLP1R expressed in gut, kidneys,
heart, lungs, etc

 DPP4 expression upregulated in T2D
* Proximal tubules
* Podocytes & mesangial cells
* Preglomerular vascular SM

Increased

ANP \
INO

Chronic
effects

bcomP

\Vascu lar
ralaxatio

* GLP1R downregulated in glomeruli
and tubules in diabetic rats

* Mechanisms in experimental models

Curr Hypertens Rep (2016) 18: 16 Am J Physiol Renal Physiol 2018; 315(6): F1519—F1525.



Discussion

* Met S and hypertension have a bidirectional relationship

 Met S contributes to poorly controlled hypertension and increased CV
risk

* Complex inter-relationship of multiple hypertensive mechanisms
* RAS blockers appear to be most appropriate pharmacotherapy

* GLP1 R agonist therapies/ surgical bariatric surgery may address other
mechanisms of hypertension in MetS

* Further studies required to explore the utility of GLP1R agonists in
Met S without diabetes



Patient approach: Metabolic hypertension

e Evaluate potential causes for increased BMI

* Weight reduction and maintenance

* Address other risk factors in metabolic syndrome
* Individualize pharmacotherapy

* Salt reduction



Thanks for your attention.

Questions?

&
G Greenlane

Medical Specialists
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