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Hypothetical Patient Profile: MarieHypothetical Patient Profile: Marie

• Current History
– Age 53  post-menopausal
– African-American
– HTN
– Type 2 diabetes

• non-smoker; no alcohol
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Hypothetical Patient Profile: MarieHypothetical Patient Profile: Marie

• Physical Exam
– BP: 138/85 mm Hg 

after medication

– Pulse: 84 beats/minute
– Height: 5 ft 6 inches
– Weight: 189 lbs
– BMI: 30.5
– Waist: 38 inches
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Physical Examination ResultsPhysical Examination Results

• Repeat Blood Pressure 
– BP R arm: 134/86, L arm 138/88
– HR: 85bpm,  

• HEENT:mild retinopathy
• CVS: S1 S2 +, no murmurs
• LUNGS: CTA
• ABD: Soft, BS+ NT
• EXT:  All peripheral pulses WNL, 

no  edema or calf tenderness
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Mild hemorrhage, microaneurysms and cotton wool spots 

Image used with permission of Dr Anne-Katrin Sjølie.

Cotton wool spotCotton wool spot

HemorrhageHemorrhage

MicroaneurysmMicroaneurysm

Mild non-proliferative diabetic retinopathy



Hypothetical Patient Profile: MarieHypothetical Patient Profile: Marie

• Family History
– Mother

• Age 79

• Type 2 diabetes for 18 
years

• Controlled on  oral 
medications and diet

– Father 
• Deceased at 55
• Cardiovascular disease; 

suffered MI 
• Treated for type 2 diabetes 

with insulin
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• Lab Tests
– FPG: 89 mg/dL
– TG: 200 mg/dL
– LDL-C: 142 mg/dL
– HDL-C: 47 mg/dL
– ALT: 28 U/L (0-35 U/L)
– AST: 30 U/L (17-59U/L)
– Cr: 1.0 mg/dL; GFR 74 

mL/min/1.73 m2              
ACR 2.8 mg/mmol
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• Current Medications
– Antihyperlipidemic

– Antihypertensive: 
atenolol 25 mg; 
conjugated equine 
estrogen(CEE)+medro
xprogesterone acetate 
(MPA) 2.5 mg
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Is my blood 
pressure 
ok, and is 
there 
anything 
else I need 
to do?
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With Each 20/10 mmHg Increase in BP CV Mortality Ri sk DoublesWith Each 20/10 mmHg Increase in BP CV Mortality Ri sk Doubles



Chobanian AV et al. JAMA. 2003;289:2560-2572.  Heart Disease and Stroke Statistics—2005 Update, 
AHA.  ALLHAT Investigators. JAMA. 2002;288:2981-2997.

Ethnic differences in hypertensionEthnic differences in hypertension

• Compared with whites, African-Americans:

– have much higher average BP

– develop hypertension earlier in life

– 1.3x greater rate of nonfatal stroke

– 1.8x greater rate of fatal stroke

– 1.5x greater rate of heart disease death

– 4.2x greater rate of end-stage kidney disease

Respond better to combination therapy than
with monotherapy (BB, ARB, ACEI)
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Diabetes in the United StatesDiabetes in the United States

• Prevalence (all ages) 
– 20.8 million people—7.0% of the population 

• Diagnosed: 14.6 million 

• Undiagnosed: 6.2 million 

– Type 2 diabetes accounts for over 90% of diabetes   diagnosed 
cases

• Incidence
– 1.5 million new cases  per year  aged 20 years or older

• Total costs 
– Direct: $92 billion 

– Indirect: $40 billion*

• Prevalence (all ages) 
– 20.8 million people—7.0% of the population 

• Diagnosed: 14.6 million 

• Undiagnosed: 6.2 million 

– Type 2 diabetes accounts for over 90% of diabetes   diagnosed 
cases

• Incidence
– 1.5 million new cases  per year  aged 20 years or older

• Total costs 
– Direct: $92 billion 

– Indirect: $40 billion*

Centers for Disease Control and Prevention. Nationa l Diabetes Fact Sheet: General Information and Nati onal Estimates on 
Diabetes in the United States. 2005. Available at: http://www.cdc.gov/diabetes/pubs/factsheet05.htm. 
Accessed December 15, 2005. 

Centers for Disease Control and Prevention. Nationa l Diabetes Fact Sheet: General Information and Nati onal Estimates on 
Diabetes in the United States. 2005. Available at: http://www.cdc.gov/diabetes/pubs/factsheet05.htm. 
Accessed December 15, 2005. 

*Work loss and premature mortality.*Work loss and premature mortality.



Global Projections for Diabetes 1995-2010
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WorldWorld
2000 = 151 million2000 = 151 million
2010 = 221 million2010 = 221 million

Increase : Increase : 46 %%

84.5
132.3

57%

Zimmet P, et al. Nature 2001; 414: 782-7.



Greatest Impact of Diabetes Epidemic 
is in Blacks and Hispanics

Greatest Impact of Diabetes Epidemic 
is in Blacks and Hispanics

Age-adjusted Prevalence of Diabetes per 100 Population, 1990–2002

CDC. Diabetes Public Health Resources. Data & Trends. Accessed July 2004.
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Evidence-Based Guidelines 
for Cardiovascular Disease 

Prevention in Women

Evidence-Based Guidelines 
for Cardiovascular Disease 

Prevention in Women

Mosca, L. et al. Circulation. 2004;109:672-693. 



Major Risk Factor InterventionsMajor Risk Factor Interventions

• Blood Pressure
– Target BP<120/80 mmHg

– Pharmacotherapy if BP> 140/90, or > 130/80 in 
diabetics or patients with renal disease
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Menopausal Hormone Therapy and CVD:  
Summary of Major Randomized Trials
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• Use of estrogen plus progestin associated 
with a small but significant risk of CHD and 
stroke

• Use of estrogen without progestin associated 
with 
a small but significant risk of stroke

• Use of all hormone preparations should be 
limited 
to short term menopausal symptom relief
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a small but significant risk of stroke
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Source: Hulley 1998, Rossouw 2002, Anderson 2004



HypertensionHypertension

• Encourage optimal BP < 120/80 mm Hg 
through lifestyle approaches

• Pharmacologic therapy indicated BP > 140/90 
mm Hg or even lower BP in diabetes or target-
organ damage (> 130/80 mm Hg)

• Thiazide diuretics should be part of drug 
regimen for most patients unless 
contraindicated
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Blood pressure response to 
Lifestyle Modifications

Blood pressure response to 
Lifestyle Modifications

Approximate SBP reduction
(range)

Modification

5� 20 mm Hg/10 kg weight lossWeight reduction

8� 14 mm HgAdopt DASH eating plan

2� 8 mm HgDietary sodium reduction

4� 9 mm HgPhysical activity 

2� 4 mm HgModeration of alcohol 
consumption

ChobanianChobanian, A. V. et al. , A. V. et al. The JNC 7 report. The JNC 7 report. JAMAJAMA. 2003; 289:2560. 2003; 289:2560--2571.2571.



Lifestyle Approaches to 
Hypertension in Women
Lifestyle Approaches to 
Hypertension in Women

• Maintain ideal body weight
– Weight loss of 10 lbs reduces BP
–

• DASH eating plan 
– Even without weight loss, diet rich in fruits, vegetables, and low fat 

dairy products can reduce BP
–

• Sodium restriction to 2400 mg/d
– Further restriction to 1500 mg/d may be beneficial, especially in 

African Americans
–

• Increase physical activity
•

• Limit alcohol to one drink per day
– Alcohol raises BP
– One drink = 12 oz beer, 5 oz wine, or 1.5 oz liquor

Mosca, L. et al. Circulation. 2004;109:672-693. 



DASH DietDASH Diet

• BP can be significantly reduced with a diet abundant in fruits, 
vegetables, complex carbohydrates, and low-fat dairy products

• The DASH diet includes these daily servings:

• BP can be significantly reduced with a diet abundant in fruits, 
vegetables, complex carbohydrates, and low-fat dairy products

• The DASH diet includes these daily servings:

DASH=Dietary Approaches to Stop Hypertension.  Karanja N et al. Cleve Clin J Med. 2004;71:745-753.





Sites of Action of Major
Antihypertensive Drug Classes

Sites of Action of Major
Antihypertensive Drug Classes

DiureticsDiuretics

ACEIACEI
CalciumCalcium
channelchannel
BlockersBlockers

ANDAND

Alpha Alpha 
blockersblockers

++bbbbbbbb--BlockersBlockers

ARBARB

Juxtaglomerular cellsHeartKidney tubules

Vascular smooth muscle

JNC VI, 1997; PDR, 1998; Benowitz NL. Basic & Clinical Pharmacology. 1995:147-170. 

Angiotensin I

Angiotensin II

AT1 receptors
Renin-angiotensin system

x x x
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Chlorthalidone
(n=15,255)

Amlodipine
besylate
(n=9048)

Lisinopril
(n=9054)

Mean SBP/DBP (mm 
Hg)

146/84 146/84 146/84

Treated (90%)
Untreated (10%)

145/83
156/89

145/83
157/90

145/84
156/89

Mean age (years) 67 67 67

Black (%)

Hispanic (%)

35

12

36

12

36

12

Women (%) 47 47 46

Current smoking (%) 22 22 22

History of CHD (%) 26 24 25

Type 2 diabetes (%) 36 37 36

ALLHAT Officers. JAMA. 2002:288:2981-2997.

ALLHAT: Patient Baseline 
Characteristics

ALLHAT: Patient Baseline 
Characteristics



•http://www.allhat.sph.uth.tmc.edu/publications/allhatfinalresults.pdf



•http://www.allhat.sph.uth.tmc.edu/publications/allhatfinalresults.pdf
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0.08
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0.20

BP Control More Important Than 
Choice of Agent in Diabetes: 

ALLHAT Diabetes Subgroup

BP Control More Important Than 
Choice of Agent in Diabetes: 

ALLHAT Diabetes Subgroup

Whelton P, et al. Arch Intern Med. 2005;165:1401-1409.
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Time to CHD Event, Years

RR (95% CI)      P Value
Amlodipine/Chlorthalidone      0.97 (0.86–1.10)     .64
Lisinopril/Chlorthalidone         0.97 (0.85–1.10)    .59

Diabetes Mellitus

Chlorthalidone
Amlodipine
Lisinopril

n=13,101



Williams, B. J Am Coll Cardiol 2008;51:1803-1817

Network Meta-Analysis of New Onset Diabetes Associa ted 
With Antihypertensive Therapy



MICRO-HOPE Combined Primary Endpoint* 
Event Rates

MICRO-HOPE Combined Primary Endpoint* 
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Irbesartan
300 mg/d

-1.1 ���� 2.7

DD DD
U

P
E

 (
g/

24
h)

Amlodipine
10 mg/d

P<.0001

P=NS P<.0001

-0.1 ����
2.9

Placebo

-0.3 ���� 4.3

-1.5

-1.3

-1.1

-0.9

-0.7

-0.5

-0.3

-0.1

Lewis EJ et al. N Engl J Med . 2001;345:851-860.

IDNT: Changes in ProteinuriaIDNT: Changes in Proteinuria



Proteinuria measured as the urine albumin:creatinin e ratio from a first morning void; 
CT=conventional therapy.

Months

751 661 558 438 167
P (+CT)
L (+CT)

762 632 529 390 130

Brenner BM et al. N Engl J Med. 2001;345:861-869.

RENAAL: Change from Baseline
in Proteinuria

RENAAL: Change from Baseline
in Proteinuria
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P=.0001

Placebo

Losartan

35% overall reduction



Clinical End Point Trials of 
Patients With Diabetes

Clinical End Point Trials of 
Patients With Diabetes

• LIFE (diabetic subpopulation)
– Losartan significantly more effective than atenolol in ¯ all-

cause mortality (P =.002) and death due to CVD (P =.028)

– The LIFE Study provides no evidence that the benefits of 
losartan on reducing the risk of cardiovascular events in 
hypertensive patients with LVH apply to black patients

• LIFE (diabetic subpopulation)
– Losartan significantly more effective than atenolol in ¯ all-

cause mortality (P =.002) and death due to CVD (P =.028)

– The LIFE Study provides no evidence that the benefits of 
losartan on reducing the risk of cardiovascular events in 
hypertensive patients with LVH apply to black patients

LIFE = Losartan Intervention For Endpoint reduction.
Lindholm et al. Lancet. 2002;359:1004-1010. COZAAR Product Information.



Complications of Hypertension:
Target-Organ Damage
Complications of Hypertension:
Target-Organ Damage



Adapted from Grobbee DE. Metabolism 2003; 52: 24–28.

DIABETES

MICROVASCULAR
COMPLICATIONS

MACROVASCULAR
COMPLICATIONS

Diabetic 
retinopathy

Diabetic 
nephropathy

Diabetic 
neuropathy

* Most common cause of death in patients with diabete s

• Coronary heart disease *
• Ischaemic stroke
• Chronic heart failure

Limb
amputation

Complications of diabetes



Proliferative diabetic retinopathy with
preretinal hemorrhage

Preretinal hemorrhage, neovascularisation and hard exudate 

Preretinal 
hemorrhage
Preretinal 
hemorrhage

NeovascularisationNeovascularisation

Image used with permission of Dr Anne-Katrin Sjølie.

Hard exudateHard exudate







The Renin-Angiotensin SystemThe Renin-Angiotensin System

ACE = Angiotensin-converting enzyme; ARB = Angioten sin receptor blocker; 
CAGE = Chymase-angiotensin generating enzyme.
Adapted from Hollenberg 1998.

Renin

ACE Pathways

ACE

BradykininBradykinin

InactiveInactive
ingredientsingredients

Non-ACE
Pathways

Tissue
plasminogen 

activator

Cathepsin G

ChymaseChymase
CAGECAGE

Angiotensinogen

Angiotensin I

Angiotensin II

Sympathetic
activation 

Vasoconstriction Cell 
proliferation

Sodium and 
fluid retention

AT1-receptor

Hypertension

ARB

ACE I





Original Article

Benazepril plus Amlodipine or Hydrochlorothiazide 
for Hypertension in High-Risk Patients

Kenneth Jamerson, M.D., Michael A. Weber, M.D., George L. Bakris, M.D., Björn
Dahlöf, M.D., Bertram Pitt, M.D., Victor Shi, M.D., Allen Hester, Ph.D., Jitendra Gupte, 

M.S., Marjorie Gatlin, M.D., Eric J. Velazquez, M.D., for the ACCOMPLISH Trial 
Investigators

N Engl J Med
Volume 359(23):2417-2428

December 4, 2008



Effects of Treatment on Systolic and Diastolic Blood  
Pressure over Time

Jamerson K et al. N Engl J Med 2008;359:2417-2428



Kaplan-Meier Curves for Time to First Primary 
Composite End Point

Jamerson K et al. N Engl J Med 2008;359:2417-2428
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Resistant Hypertension:  
Diagnosis, Evaluation, and Treatment

Jamerson K et al. N Engl J Med 2008;359:2417-2428



• Blood pressure remaining above goal in 
spite of concurrent use of 3 antihypertensive 
agents of different classes.  

• Ideally, 1 of the 3 agents should be a 
diuretic & all agents should be prescribed at 
optimal dose amounts. 

Resistant Hypertension

Definition:

Jamerson K et al. N Engl J Med 2008;359:2417-2428



• Non-Narcotic Analgesics
- Non-steroidal anti-inflammatory agents including 
aspirin

- Selective COX-2 inhibitors

• Sympathomimetic agents
- decongestants
- diet pills
- cocaine

• Stimulants
-methylphenidate
-dexmethylphenidate,
-dextroamphetamine
- amphetamine, methamphetamine
-modafinil

Substances that Can Interfere with 
Blood Pressure Control 

Jamerson K et al. N Engl J Med 2008;359:2417-2428



Substances that Can Interfere with Blood 
Pressure Control

Substances that Can Interfere with Blood 
Pressure Control

• Alcohol

• Oral contraceptives

• Cyclosporine

• Erythropoietin

• Natural licorice

• Herbal compounds
- ephedra
- ma huang

• Alcohol

• Oral contraceptives

• Cyclosporine

• Erythropoietin

• Natural licorice

• Herbal compounds
- ephedra
- ma huang

Jamerson K et al. N Engl J Med 2008;359:2417-2428



ARS #4ARS #4



Patient Characteristics Associated with 
Resistant Hypertension

• High baseline blood pressure

• Older age

• Obesity

• Excessive dietary salt ingestion

• Chronic kidney disease

• Diabetes

Jamerson K et al. N Engl J Med 2008;359:2417-2428



Patient Characteristics Associated with 
Resistant Hypertension

Patient Characteristics Associated with 
Resistant Hypertension

• Left ventricular hypertrophy

• African American race

• Female gender

• Residence in Southeastern United States

• Left ventricular hypertrophy

• African American race

• Female gender

• Residence in Southeastern United States

Jamerson K et al. N Engl J Med 2008;359:2417-2428



Screen for Secondary Causes of 
Hypertension

• Obstructive sleep apnea (snoring, witnessed apnea, excessive  
daytime sleepiness)

• Primary aldosteronism (elevated aldosterone/renin rat io)

• CKD (creatinine clearance <30 mL/min)

• Renal artery stenosis (young female, known ASCVD,   
worsening renal function)

• Pheochromocytoma (episodic hypertension, palpitation s,   
diaphoresis, headache)

• Cushing’s disease (moon facies, central obesity, ab dominal 
striae, inter-scapular fat deposition)

• Aortic coarctation (differential in brachial or femo ral pulses, 
systolic bruit)

Jamerson K et al. N Engl J Med 2008;359:2417-2428
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Treatment of Resistant Hypertension

Pharmacologic Recommendations

•Withdrawal or down titration of interfering substan ces 

• Use  long-acting thiazide diuretic, preferably chlo rthalidone

• Combine agents with different mechanisms of action

• Recommended triple regimen of 
- ACE inhibitor or ARB 
- Calcium channel blocker
- Thiazide diuretic

Jamerson K et al. N Engl J Med 2008;359:2417-2428



Treatment of Resistant HypertensionTreatment of Resistant Hypertension

• Consider addition of 
mineralocorticoid receptor  
antagonist

• Use of loop diuretic may be 
necessary in patients with CKD 
(creatinine clearance <30 mL/min)

• Consider addition of 
mineralocorticoid receptor  
antagonist

• Use of loop diuretic may be 
necessary in patients with CKD 
(creatinine clearance <30 mL/min)

Jamerson K et al. N Engl J Med 2008;359:2417-2428



ConclusionsConclusions

• New guidelines recommend appropriate BP goal 
and treatment with diabetes

• Women are often more difficult to 
control/multiple medications are usually required

• More  comprehensive risk management needed 
to decrease cardiovascular morbidity and 
mortality in women with diabetes
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to decrease cardiovascular morbidity and 
mortality in women with diabetes


