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Objectives
• Describe the prevalence of hypertension and 

hypertension control in diabetes. 
• Describe non medication issues in Hypertension 
• Understand why diabetic patients have more 

hypertension
• Develop an approach to hypertension 
• Review treatment options for hypertension



Ong et al Prevalence, treatment, and control of diagnosed diabetes in the U.S. National 
Health and Nutrition Examination Survey 1999–2004. Ann Epidemiol 2008;18:222–229



B/P Awareness, treatment and control 
2007‐2008 NHANES

JAMA. 2010;303:2043-2050
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• Presence of hypertension increases the risk of 
cardiovascular disease (CVD) ~ 2 to 4-fold in T2DM

• The risk for CVD and renal failure is increased ~ 2 to 
4-fold in patients with T2DM who have albuminuria

BP Control in Patients with Diabetes

Schrier, R., et al. Kid Internal. 61: 1086-1097, 2002.; Schrier, R., et al. Nat Clin Proc. 
3:428-438, 2007.; ADA-Standards of Medical Care in Diabetes—2011. Diabetes Care 
33:S11-S61, 2010. 



Micro-albuminuria breakthrough under chronic
renin-angiotensin-aldosterone system suppression

• 1433 patients treated for 2 years either with an 
ACEi or ARB, at adequate doses, alone or in 
combination with other antihypertensive drugs.

• 16.1%developed new-onset micro-albuminuria, 
and 1% macro-albuminuria  

• Albuminuria appeared at any level of blood 
pressure (BP) from below 130/80 mmHg, albeit 
the highest percentage was seen when SBP was 
above 160 mmHg.
– Ruilope et al Hypertension November 2011
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Hypertension Non Medication Issues
• Cost and cost savings
• Age-goals?
• Gender-Race
• Home vs Office B/P
• Physical Activity
• Sodium Intake
• Use of NSAIDS and Alcohol
• Adherence-?50%
• Comorbidities-glucose and lipid levels, CVD, 

depression, diabetes distress  



Why do Patients with 
Diabetes have more 
Hypertension and which 
came first?



Normal Glucose Homeostasis
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Kahn CR, Saltiel AR (2005), Joslin’s Diabetes Mellitus, 14th ed.                                                   
Lippincott Williams & Wilkins; pp145-168
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The “Sick Dysfunctional Insulin Resistant” 
Adipocyte
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Insulin Resistance and Hypertension
• Increased insulin levels increase renal sodium and 

water retention
• Hyperinsulinemia increases sympathetic activity—

this impacts B/P regulation
• Onset of diabetes with insulin resistance  delayed 

up to 10 years but hypertension secondary to 
Hyperinsulinemia comes early and more 
predictable. 

• Bloomgarden Z, Obesity, Hypertension, and Insulin Resistance 
Diabetes Care 2002; 25: 2088-97





B/P Measurement ? Where 
and Accuracy

Office?
Home?
Tele-monitoring?



American Heart Association standards 
for measuring blood pressure

• The patient should be seated comfortably with the back 
supported and the upper arm bared without 
constrictive clothing. 

• The arm should be supported at heart level, and the 
bladder of the cuff should encircle at least 80% of the 
arm circumference.

• Neither the patient nor the observer should talk during 
the measurement.

– Recommendations for Blood Pressure Measurement Subcommittee of Professional and 
Public Education of the American Heart Association Council on High Blood Pressure 
Research  Hypertension 2005;45:142-161



Home Blood Pressure Monitoring



Home Blood Pressure Monitoring A Tool for Better Hypertension Control (Hypertension. 
2011;57:21‐23.)

12 year follow 
up with 10 mm 
Hg ↑↑in Syst
B/P over 
baseline

LVH 
regression 
after one year 
of Rx with ACE 
and diuretic 



Treatment

• What issues do you 
consider before starting 
medication?



What are the issues we address when 
deciding when and how to Rx ↑B/P?

• Age? 
• Weight
• Sodium Intake
• Gender-Race
• Physical Activity
• Use of NSAIDS and Alcohol
• Presence of dyslipidemia LDL, HDL etc



Response to salt more dramatic in 
some individuals. 

• Overweight
• Older
• Metabolic Syndrome
• Renal Disease
• Diabetes
• Insulin Resistance
• African American

– Lancet 2009; 373: 829–35
– Diabetes Insight Vol 01, Issue 15 Nov 2010



Salt Sensitivity and Insulin Resistance

• High levels of salt increases sympathetic 
nervous system activity

• Insulin resistance and hyperinsulinemia 
increase salt sensitivity

• Insulin affects salt transport in proximal renal 
tubules

• Obesity affects salt regulation through effect on 
renal function
– Nutr Metab Cardiovasc Dis. 2000;5:287-94.



Blood Pressure and Race
• African Americans and other Black Patients have 

increased rates of Hypertension. 
• Race has little value in predicting the response to 

antihypertensive drugs due to the great overlap in 
drug classes. 

• Most whites and blacks have similar responses to 
commonly used antihypertensive drugs.

• Focus on individual rather than on race

• Sehgal AR. Hypertension. 2004;43:566-572.



Blood Pressure and T2 Diabetes Risk in 
African Americans and Whites 

• Data from the Atherosclerosis Risk in Communities (ARIC), Coronary Artery 
Risk Development in Young Adults (CARDIA), and Framingham Heart 
studies to examine higher blood pressure (BP) as a risk factor for new-
onset diabetes in middle-aged African Americans and whites.

• Subjects (N=10,893) were aged 35–54 years 57% were female; 23.4% were 
African American.

• At baseline, whites had more favorable BP, adiposity, fasting glucose and 
insulin profiles, smoking prevalence, and education; African Americans 
had more favorable lipid levels. 

• After 8.9 years median follow-up, 7.9% of whites developed 
diabetes vs 14.6% of African Americans.

Wei GS, Coady SA, Goff DC Jr, et al. Blood pressure and the risk of developing diabetes in African Americans and 
Whites. Diabetes Care. 2011;34(4):873-879.



Measures of novel atherosclerosis mediators before 
and after diet and exercise 

Roberts CK et al. J Appl Physiol 2006; available at: 
http://jap.physiology.org.

Mediator Before 
diet and 
exercise

After diet 
and 
exercise

p

MPO (ng/mL) 166.2 132.7 <0.05
Serum CRP (mg/L) 2.39 1.46 <0.01
ICAM-1 (ng/mL) 363.5 291.2 <0.05
sP-selectin (ng/mL) 147.5 135.3 <0.01
MMP-9 (ng/mL) 779.3 625.7 <0.01
Monocyte adhesion 
THP-1/HPF

185.3 127.7 <0.001

MCA migrated 
monocytes/HPF

16.5 11.1 <0.01

MPO=myeloperoxidase, an enzyme that induces oxidative stress 
CRP=C-reactive protein
ICAM=intracellular adhesion molecule
MMP=matrix-metalloproteinase
MCA=monocyte chemotactic activity
HPF=high power field 



Why worry about B/P?



Risk of Heart Attack with increasing Blood 
Pressure and  hsCRP > 3 and <3

hsCRP >3 

hsCRP <3 Circulation. 2003;108:2993‐2999.)
Relationship between blood pressure, C-reactive 
protein (CRP), and ifirst cardiovascular events 15 215 
women followed prospectively over a median of 8.1 
years. P trend 0.0001).      



What is your target for B/P 
In your patients with Diabetes?



Setting BP Targets in T2DM 

Evidence derived from:
• UKPDS, a study in newly-diagnosed T2DM
• ADVANCE trial, a study in established T2DM
• ACCORD trial, a study in established T2DM

• Recommended BP Goal: <130/80 mm Hg



What medications do you use for 
hypertension in diabetes-in what 
order?



Management of Hypertension
(General Principles)

Low dose diuretics are effective
Usually need multiple drugs
Use from different classes of medications
Avoid using maximal doses of one agent before adding a 

second
Most drugs cause varying degrees of impotence
ACE inhibitors and/or ARBs are preferred first choice



Medications for Hypertension
• Diuretics (e.g., thiazides, loop diuretics, K-sparing)
• ACE-inhibitors and ARBs (e.g., lisinopril, losartan) 
• Beta-blockers (e.g., labetalol, metoprolol)
• Alpha-blockers, central (e.g., clonidine, methyl-dopa)
• Alpha-blockers, peripheral (e.g., prazosin, terazosin)
• Calcium-channel blockers (e,g., amlodipine, nifedipine)
• Vasodilators (e.g., hydralazine, minoxidil)
• Aldosterone Antagonist (Spironolactone)  Aldactone

(Amiloride) Midamor





If the patient does not respond to 
Rx what do you do?



If the patient does not respond to your 
treatment for hypertension—what do you do? 

• Is the patient taking NSAIDS?
• Is the dietary salt intake excessive?
• Is the patient taking all their medications as 
prescribed?

• Was B/P taken correctly? 
• Would home B/P monitoring be of help?
• Hyperaldosteronism? Hypokalemia?



Primary Aldosteronism
• Common cause of resistant Hypertension 
• Prevalence of 3 to 32% of hypertensive patients
• Only 20% have low K
• Adrenal Hyperplasia
• Familial—genetic evaluation  
• Adrenal adenoma-30% unilateral and Rx by 

laparoscopic removal-bilateral 70% Rx with medication
• Dx by plasma aldosterone/renin ratio >30 ng/100ml-

several requirements like upright for 4 hrs, no 
diuretics, liberal salt intake etc before test is done
– Endocrinologist 2004;14:267-76—J Am Coll of Cardiology 2006;48:2293-

2300


