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Goals

Describe HTN and diabetes burden in the U.S. Describe

Discuss impact of SGLT2is on BPDiscuss

Recognize potential benefits of SGLT2is in HTN treatmentRecognize
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Diabetes Prevalence by Race/Ethnicity

Chart 9-1. Age-adjusted prevalence of diagnosed diabetes in US adults ≥20 

years of age by race and ethnicity and sex (NHANES 2017-2020)



Which of the following has the highest 
prevalence of diabetes by race/ethnicity? 

a) Non-Hispanic White male

b) Hispanic Male

c) Non-Hispanic Asian Female

d) White Female
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Impact of DM on CVD and All-Cause Mortality

• DM patients more than without DM, had 

• 1.56 times higher risk of death from all-cause

• 1.72 times higher from heart disease 

• 1.48 times higher from cerebrovascular disease 

• 1.67 times higher from CVD 

Liu L,et al World J Diabetes. 2016;7(18):449–461. 



Sano M. A new class of drugs for heart failure: SGLT2 inhibitors reduce sympathetic overactivity. 7

Potential mechanisms: Cardioprotective & 
Renoprotective SGLT‐2is effects in CV Outcomes Trials

J Cardiol. 2018;71:471‐476



K. Kario et al. / Progress in Cardiovascular Diseases 63 (2020) 249–262
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Potential 
mechanisms: 
BP-lowering 
effects of 
SGLT2i

SNS = sympathetic nervous system



K. Kario et al. / Progress in Cardiovascular Diseases 63 (2020) 249–262
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Changes from 

baseline in:

Daytime (A) and 

nighttime (B)

SBP based on 

ABPM during 12 

weeks treatment 

with 

empagliflozin vs. 

placebo

*p <0.001, 
**p <0.01, 
***p <0.05, 
p = 0.159
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24-hour ambulatory BP.

52.7% male, 
mean (SD) 
age, 56.8 (9.3) years 

Mean duration of T2D,
 9.3 (7.1) years.

24 hr. mean ambulatory SBP and DBP (mm Hg) over 24 weeks.

 *P=0.0069; †P=0.0117; ‡P=0.0058; §P=0.0025, all versus 
placebo. 



Ferdinand KC et al. Antihyperglycemic and Blood Pressure Effects of Empagliflozin in Black Patients With Type 2 
Diabetes Mellitus and Hypertension. Circulation. 2019.
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New-onset DM and Antihypertensives
Full Bayesian Network Meta-Analysis

Lam SKH, Owen A .Lancet 2007;369:1513-1514



Which anti-hypertensive causes the highest 
rate of new onset diabetes? 

a) ARBs

b) ACE inhibitors

c) Calcium-channel blockers

d) B-blockers

e) Diuretics

Lam SKH, Owen A .Lancet 2007;369:1513-1514
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GEMINI: Hemoglobin A1c

P=0.65

P<0.0001
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Carvedilol

(n=454)

Metoprolol tartrate

(n=657)

Treatment 

Difference

Carvedilol vs

Metoprolol 

tartrate

-0.13% (-0.22, -

0.04)

P=0.004

1111 patients (90%) evaluable for efficacy, having both a valid baseline and 

at least one on-therapy HbA1c .
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Bakris G et al. JAMA. 2004;292:2227-2236.
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Drug and dose

Number of 

patientsSGLT2i/placeb

o

Office SBP (mm Hg) 24-h ambulatory SBP (mm Hg) Nighttime ambulatory SBP (mm Hg)

Baseline*

Change 

from 

baseline

Placebo- 

subtracted 

change from 

baseline

Baseline*

Change 

from 

baseline

Placebo- 

subtracted 

change from 

baseline

Baseline*

Change 

from 

baseline

Placebo- 

subtracted 

change from 

baseline

Kario et al, 2019 

(SACRA)3

68/63 141 –9.9† –8.6‡ 139 –10.0† –7.7‡ 130 –6.3‡ –4.3
Empagliflozin 10 

mg/d

Ferdinand et al, 

20194

78/72 149 –10.3 –7.4‡ 146 –10.3 –8.4‡ 144 –6.7 –5.1§
Empagliflozin 

10–25 mg/d

Tikkanen et al, 2015 

(EMPA-REG BP)5

276/271 142 –5.5 –4.8† 131 –3.7 –4.2† 123 –2.5 –2.9†
Empagliflozin 25 

mg/d

Papadopoulou et 

al, 20216

43/42 130 NR NR 129 –5.8‡ –5.7 NR NR NR
Dapagliflozin 10 

mg/d

Data on Changes in Ambulatory BP During Treatment With 
SGLT2 Inhibitors † P<0.001.

‡ P<0.01.
§ P<0.05

https://doi.org/10.1161/CIRCULATIONAHA.121.053709 Circulation. 2021;143:1750–175



BP Goals for Patients With Diabetes 

ADA. Diabetes Care. 2023; 46(S1):S158-S190

Blood pressure should be measured at 
every routine clinical visit. When possible, 
individuals found to have elevated blood 

pressure (systolic blood pressure 120–129 
mmHg and diastolic <80 mmHg) should 

have blood pressure confirmed using 
multiple readings, including 

measurements on a separate day, to 
diagnose hypertension

Hypertension is defined as a 
systolic blood pressure ≥130 
mmHg or a diastolic blood 

pressure ≥80 mmHg based on an 
average of ≥2 measurements 

obtained on ≥2 occasions

Individuals with blood pressure 
≥180/110 mmHg and 

cardiovascular disease could be 
diagnosed with hypertension at a 

single visit

All people with hypertension and 
diabetes should monitor their 

blood pressure at home
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Diabetes Prevalence by Race/Ethnicity

Chart 9-1. Age-adjusted prevalence of diagnosed diabetes in US adults ≥20 

years of age by race and ethnicity and sex (NHANES 2017-2020)



Prevalence of Self-Reported Obesity Among Non-Hispanic White Adults, by State and Territory, 
BFRSS, 2018 - 2020

NH White Adults Obesity Prevalence 

Centers for Disease Control and Prevention (CDC). Available at https://www.cdc.gov/obesity/data/maps/2020/obesity-
prevalence-map-race-ethnicity-2018-2020-508.pdf, accessed May 22, 2023

https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf
https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf


Hispanic/Latinx Adults Obesity Prevalence

Centers for Disease Control and Prevention (CDC). Available at https://www.cdc.gov/obesity/data/maps/2020/obesity-
prevalence-map-race-ethnicity-2018-2020-508.pdf, accessed May 22, 2023

Prevalence of Self-Reported Obesity Among Hispanic White Adults, by State and Territory, BFRSS, 
2018 - 2020

https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf
https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf


NH Black Adults Obesity Prevalence

Centers for Disease Control and Prevention (CDC). Available at https://www.cdc.gov/obesity/data/maps/2020/obesity-
prevalence-map-race-ethnicity-2018-2020-508.pdf, accessed May 22, 2023

Prevalence of Self-Reported Obesity Among Non-Hispanic Black Adults, by State and Territory, 
BFRSS, 2018 - 2020

https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf
https://www.cdc.gov/obesity/data/maps/2020/obesity-prevalence-map-race-ethnicity-2018-2020-508.pdf


Adjusted ESRD incidence rate, by race categories (2000-2020)



ESRD: Racial differences in prevalence USRD, 2020 

NIDDK USRDS 2022 Annual Data Report. Available at https://usrds-

adr.niddk.nih.gov/2022, accessed May 22, 2023

https://usrds-adr.niddk.nih.gov/2022
https://usrds-adr.niddk.nih.gov/2022


JAMA July 9, 2019 Volume 322, Number 2

Reconsidering The Consequences of Using Race To 
Estimate Kidney Function

Estimated GFR equations are distinct because 
they assert that existing organ function is 
different between individuals who are identical 
except for race.



de Boer IH, Sripal B, et al. Diabetes Care Sep 2017, 40 (9) 1273-1284.

HTN and DM

• HTN is common with DM, with prevalence depending on type and 
duration of DM, age, sex, race/ethnicity, BMI, Hx of glycemic control, and 
presence of CKD, among other factors

• HTN is a strong risk factor for ASCVD, HF, and microvascular 
complications. 

• Numerous studies: anti-HTN therapy reduces ASCVD events, HF, and 
microvascular complications in people with DM.

•  Large benefits are seen when multiple risk factors are addressed 
simultaneously 



Ischemic Heart Disease (IHD) Mortality Rate In Each Decade Of Age

Lancet; Volume 360, Issue 9349, 2002, Pages 1903-1913



Stroke Mortality Rate in Each Decade of Age Versus Usual BP

Lancet; Volume 360, Issue 
9349, 2002, Pages 1903-1913



Prevalence Co-morbid HTN, CHD, Stroke and CVD with and without 
DM, U.S. National Health Interview Surveys 2000-2009. 

Liu L,et al World J Diabetes. 2016;7(18):449–461. 



#AHA19

SPRINT: Primary Outcome Pre-specified Subgroups

SPRINT Research Group, et al. N Engl J Med. 2015;373(22):2103-16



ACC/AHA DM and HTN

• As a matter of convenience, it can be assumed vast majority 

of adults with DM have 10-year ASCVD risk    ≥ 10%, placing 

them in high-risk category 

• That requires initiation of antihypertensive drug therapy at BP 
≥130/80 mm Hg

Journal of the American College of Cardiology May 2018, 71 (19) 2199-2269



ADA Blood Pressure Target Recommendations

• For people with diabetes and hypertension, the on-
treatment target blood pressure goal is <130/80 
mmHg, if it can be safely attained

• For people with diabetes and hypertension, blood 
pressure targets should be individualized through a 
shared decision-making process that addresses 
cardiovascular risk, potential adverse effects of 
antihypertensive medications, and patient preferences

ADA 2023 Standards of Care. Diabetes Care. 2023; 46(S1):S158-S190



Epidemiologic analyses show that BP≥115/75 mm Hg 
is associated with increased rates of ASCVD, HF, 
retinopathy, kidney disease, and mortality in a 
graded fashion, contributing to the evidence that BP 
control is important in the clinical outcomes of 
diabetes

ADA Blood Pressure Target Recommendations

ADA 2023 Standards of Care. Diabetes Care. 2023; 46(S1):S158-S190
de Boer IH, Sripal B, et al. Diabetes Care Sep 2017, 40 (9) 1273-1284



Important Differences: ACCORD vs. SPRINT

• SPRINT: older cohort 

• Mean SPRINT 68 vs. 62 years in ACCORD, 

• 28% of SPRINT was 75 years of age or older.

• SPRINT also included  CKD

• Sample size of ACCORD only half that of SPRINT

•  ACCORD=4,733 vs. SPRINT=9,361). 

SPRINT Research Group. N Engl J Med 373:2103–2116



JAMA Cardiol. Published online June 10, 2020. doi:10.1001/jamacardio.2020.1731



Proportion of Participants With CAC and Diffuse CAC by SBP Group

diffuse CAC (CAC ≥1 in ≥2 

coronaries

June 10, 2020. doi:10.1001/jamacardio.2020.1731



BP Category Systolic BP Diastolic BP

Normal <120 mm Hg and <80 mm Hg

Elevated 120-129 mm Hg and <80 mm Hg

Hypertension:

stage 1
130-139 mm Hg or 80-89 mm Hg

Hypertension:

stage 2
≥140 mm Hg or ≥90 mm Hg

ACC/AHA Classification of BP

Whelton PK, et al. Hypertension 2018; 71: e13-e115



COR LOE Recommendations for Treatment of Hypertension in Patients With DM

I ASR

All first-line classes of antihypertensive agents (i.e., 

diuretics, ACE inhibitors, ARBs, and CCBs) are useful 

and effective. 

IIb B-NR

ACE inhibitors or ARBs may be considered in the 

presence of albuminuria.
                                                                                  

                                      

ACC/AHA Diabetes Mellitus

Journal of the American College of Cardiology May 2018, 71 (19) 2199-2269



ADA Recommendations for treatment 
of confirmed HTN in people with DM

• *An ACEi or ARB is suggested to treat HTN with urine albumin-to-
creatinine ratio 30–299 mg/g creatinine and strongly recommended  with 
urine albumin-to-creatinine ratio ≥300 mg/g creatinine. 

• **Thiazide-like diuretic; long-acting agents shown to reduce CV events, 
such as chlorthalidone and indapamide, are preferred. ***Dihydropyridine 
CCB. 

ADA 2023 Standards of Care. Diabetes Care. 2023; 46(S1):S158-S190



Conclusions

• HTN and DM are major risk factors for increasing CVD 
mortality.

• However, achieving optimal BP control with DM is challenging

• SGLTis CVD and CKD benefits demonstrated, including HFrEF 
and HFpEF

• Early and sustained reductions in SBP

43



Conclusions

• SGLT2i lower clinic and out-of-office BP, attributed to natriuresis 
and osmotic diuresis.

• Mechanisms linking SGLT2i and neurohormonal activity likely 
through multiple indirect effects and the sympathetic nervous 
system.

• SGLT2is are attractive choices for glycemic control, weight 
reduction, and BP-lowering with HTN and with and without T2D.

44
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