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CK Friedberg on Hypertension: Diseases 
of the Heart 1996 

“There is a lack of correlation in most cases 
between the severity and duration of 
hypertension and development of cardiac 
complications.” 

___________________________________________________________ 

________________________________________________________ 

_______________________________________________________________ 
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Messerli, F. H. N Engl J Med 1995 
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TIA = transient ischemic attack; LVH = left ventricular hypertrophy; CHD = coronary heart disease   
HF = heart failure. 
Cushman WC. J Clin Hypertens. 2003;5(Suppl):14-22. 

Renal 
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Complications of Hypertension: 
 

LVH, CHD, 
HF 

TIA, stroke 

Hypertension 
is a risk factor 

Presenter
Presentation Notes
Hypertension is an important contributing risk factor for end-organ damage and subsequent increases in morbidity and mortality. The goal in treating hypertension is to prevent cardiovascular and renal complications. Even small elevations above optimal blood pressure (BP) values (<120/80 mm Hg) increase the likelihood of developing hypertension (BP ≥140/90 mm Hg) and incurring target-organ damage. Chronic elevations of BP lead to target-organ damage and the development of cardiovascular and renal diseases, including retinopathy, peripheral vascular disease, stroke, coronary heart disease, heart failure, left-ventricular hypertrophy, and renal failure. Signs of target-organ damage herald a poorer prognosis and may present in the heart, blood vessels, kidneys, brain, or eyes. Later consequences include cardiac, cerebrovascular, vascular, and renal morbidities and death.  Because of the complex nature of hypertension, it is not surprising that single antihypertensive agents normalize BP for less than a majority of hypertensive patients. ReferenceCushman WC. J Clin Hypertens. 2003;5(suppl):14-22. 



Global Mortality 2000: Impact of Hypertension and Other Health Risk 
Factors 

Ezzati et al. Lancet. 2002;360:1347-1360. 
Attributable Mortality  

(In thousands; total 55,861,000) 

High mortality, developing region 
Lower mortality, developing region 
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Presenter
Presentation Notes
The Comparative Risk Assessment module of the World Health Organization (WHO)’s Global Burden of Disease 2000 study performed a systematic assessment of changes in population health that would result from modifying exposure to environmental and physiological health risk factors. The methodology used to determine the attributable mortality and attributable burden of disease due to each risk factor was a counterfactual analysis in which the contribution of 1 or a group of risk factors is estimated by comparing the current disease burden with the magnitude that would be expected in an alternative scenario characterized by a theoretical minimal exposure. In the case of high BP and cholesterol, the theoretical minimal exposures were levels of 115 mm Hg and �3.8 mmol/L, respectively. This analysis of the contribution of 26 selected risk factors to global disease burden found that high BP was the leading cause of mortality in both developing regions and developed regions of the world. The study looked at the impact of risk factors on mortality.High mortality, developing regions such as many countries in Africa and Southeast Asia.Lower mortality, developing regions such as Latin America and countries in the Western Pacific.Developed regions including Europe, Japan, and North America. In high mortality, developing regions, the leading causes of death were reported to be childhood and maternal undernutrition, including being underweight. However, despite the large contribution of communicable, maternal, perinatal, and nutritional conditions and their underlying risk factors to disease burden in the high mortality, developing regions, the “industrialized” risks of high BP, tobacco, and blood cholesterol levels also resulted in significant loss of life in these regions. Across developed regions, high BP, tobacco use, alcohol, high cholesterol, and high body mass index (BMI) were reported to be consistently the leading causes of loss of life. 



Increased BP: top attributable cause of 
global mortality 

• 75 million deaths annually attributable to 
HTN (12.8% of all deaths) 

• 57 million disability-adjusted life years 
• 40% global prevalence of HTN in 2008 
• Highest: 46% Africa; Lowest: 35% America 
• Uncontrolled HTN: 1980: 600 million 
                                    2010: 1 billion  
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81% are aware, 75% treated, but only 53% are controlled 

Go A et al Circulation 2013 

Hypertension:  
How Big Is the Problem? 

At Least 78 Million Americans Have 
Hypertension 

Presenter
Presentation Notes
A recent analysis of National Health and Nutrition Examination Survey (NHANES) data from 1999 to 2000 reported a 3.7% increase in the prevalence of hypertension compared with 1988 to 1994.1In a recent study, data from NHANES and the US Census Bureau were used to estimate hypertension burden, prevalence rates, and trends relative to 1988 to 1994 for US adults in 1999 to 2000.2 The study found that at least 65 million US adults (nearly 1 in 3 adults, or 31.3%) had hypertension during that time period.2Assuming continuing trends, the figures would be even higher for 2004.  
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Chobanian et al. JAMA. 2003;289:2560-2572. 

Presenter
Presentation Notes
Awareness, treatment, and control rates of hypertension improved from the 1976-1980 NHANES II to the 1988-1991 NHANES III, phase 1. Awareness increased from 51% to 73%, treatment rate from 31% to 55%, and control rates from 10% to 29%. However, from the first phase of NHANES III (1988-1991) to the second phase (1991-1994); there was a plateauing of awareness, treatment, and control rates, as seen in this slide.In the most recent NHANES survey (1999-2000), rates of awareness, treatment, and control had increased again. Therefore, relative to 1976-1980, realization of the importance of BP has been on the rise. The present control rate of 34%, however, is still significantly short of the 2000/2010 goal of 50%.Definitions:With hypertension = systolic BP 140 or diastolic BP 90 mm Hg, or taking medicationAware hypertension = with hypertension and told by doctorTreated hypertension = taking hypertension medicationControl hypertension = taking hypertension medication and systolic BP <140 and diastolic BP <90 mm Hg.Percentages are over population with hypertension (denominator).



Extent of awareness, treatment, and control of high blood pressure by 
race/ethnicity (National Health and Nutrition Examination Survey: 

2007–2012).  

Dariush Mozaffarian et al. Circulation. 2016;133:e38-e360 

Copyright © American Heart Association, Inc. All rights reserved. 

Presenter
Presentation Notes
Extent of awareness, treatment, and control of high blood pressure by race/ethnicity (National Health and Nutrition Examination Survey: 2007–2012). Hypertension is defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, or if the subject said “yes” to taking antihypertensive medication. NH indicates non-Hispanic. Source: National Center for Health Statistics and National Heart, Lung, and Blood Institute.



Prevalence of high blood pressure in adults ≥20 years of age by age 
and sex (National Health and Nutrition Examination Survey: 2007–

2012).  

Dariush Mozaffarian et al. Circulation. 2016;133:e38-e360 

Copyright © American Heart Association, Inc. All rights reserved. 

Presenter
Presentation Notes
Prevalence of high blood pressure in adults ≥20 years of age by age and sex (National Health and Nutrition Examination Survey: 2007–2012). Hypertension is defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, if the subject said “yes” to taking antihypertensive medication, or if the subject was told on 2 occasions that he or she had hypertension. Source: National Center for Health Statistics and National Heart, Lung, and Blood Institute.
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SBP-Associated Risks: MRFIT 

Adapted from Neaton JD et al. Arch Intern Med. 1992;152:56-64. 

SBP versus DBP in Risk of CHD Mortality 
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Presenter
Presentation Notes
MRFIT showed that SBP is a stronger predictor of CHD mortality than DBP in men of all age groups except those 35 to 39 years �of age. This study examined the relative risk of CHD mortality �as a function of SBP and DBP in 353,340 screened men who were followed for an average of 12 years. A strong, graded relationship was evident between SBP at every level >110 mm Hg and death due to CHD. Differences in CHD-related mortality at various DBP levels were relatively small.24 Results from MRFIT strongly support the conclusion that SBP �is a better indicator of increased CHD risk than DBP. This conclusion prompted the recent recommendation by the Coordinating Committee, National High Blood Pressure Education Program, National Heart, Lung, and Blood Institute, that SBP should “…become the principal clinical end point for �the detection, evaluation, and treatment of hypertension, especially in middle-aged and older Americans.”26
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CV Mortality Risk Doubles with 
Each 20/10 mm Hg BP Increment* 

*Individuals aged 40-70 years, starting at BP 115/75 mm Hg. 
CV, cardiovascular; SBP, systolic blood pressure; DBP, diastolic blood pressure 
Lewington S, et al. Lancet. 2002; 60:1903-1913.  
JNC 7. JAMA. 2003;289:2560-2572. 
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Presenter
Presentation Notes
Slide SummaryAccording to a meta-analysis of over 60 prospective studies, the risk of cardiovascular mortality doubles with each rise of 20 mm Hg in systolic blood pressure (BP) and 10 mm Hg in diastolic BP. Background In a meta-analysis of 61 prospective, observational studies conducted by Lewington et al involving one million adults with no previous vascular disease at baseline, the researchers found that between the ages of 40-69 years, each incremental rise of 20 mm Hg systolic BP and 10 mm Hg diastolic BP was associated with a twofold increase in death rates from ischemic heart disease and other vascular disease. The researchers also noted that when attempting to predict vascular mortality risk from a single BP measurement, the average of systolic and diastolic BP was “slightly more informative” than either alone, and that pulse pressure was “much less informative.” The seventh report Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) notes this study result as yet more information linking hypertension to high risk for cardiovascular events.Lewington S, Clarke R, Qizilbash H, et al. Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet. 2003;361:1903-1913.JNC 7. JAMA. 2003;289:2560-2572.
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Numbers at top of bars represent the overall percentage distribution of untreated hypertension by 
age. 
     Franklin et al. Hypertension 2001;37: 869-874. 
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JNC Reclassification of BP  
Based on Risk 

Source for JNC VI: Arch Intern Med. 1997;157:2413-2446. 
Adapted with permission from Chobanian AV et al. Hypertension. 2003;42:1206-1252. 
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Presenter
Presentation Notes
This slide shows the changes in classification of blood pressure from JNC VI to JNC 7.1,2  “Optimal” blood pressure in JNC VI became “normal” in JNC 7, while “normal” and “borderline” blood pressures in JNC VI were combined as “prehypertension” in JNC 7.1,2Stage 1 hypertension remained constant from JNC VI to JNC 7.1,2 However, JNC 7 grouped JNC VI Stage 2 and Stage 3 hypertension into one stage (Stage 2).1,2 This change reflected the fact that the approach to patient management for both former categories is similar.1



• Measurement error 
 
• Small number of 
readings 
 
•  White coat effect 
 

•  No measure of the 
diurnal changes of BP 

What’s Wrong with this 
Picture?  

Presenter
Presentation Notes
Although the traditional method of BP measurement in the clinic has provided a wealth of useful information about the importance of hypertension and its treatment, there are serious limitations to the method as commonly used in clinical practice. Out-of-office monitoring can overcome all of these. 
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Presenter
Presentation Notes
Classification of blood pressure status using a combination of clinic and ambulatory measurement.



17 

Prehypertension … 
• Is not a disease, 

• Is not “hypertension”, 

• Is not an indication for drug treatment of HTN, 

• Does not have a BP goal, 

• Does predict a higher risk for developing CV events, 

• Does predict a higher risk for developing HTN, 

• Should be an incentive to improve lifestyle practices 

for prevention of HTN and CVD. 
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BP Category Prevalence 

Normal 39% 

Prehypertension 31% 

Hypertension 30% 

Prevalence of Blood Pressure Categories 
in US Adults ≥20 Years of Age  

(NHANES 1999-2000) 

Greenland, Croft, Mensah (CDC). Arch Intern Med. 2004;164:2113f 
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4-Year Progression To Hypertension:  
The Framingham Heart Study 
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Relation of Non-Hypertensive Blood  Pressure to 

Cardiovascular Disease 
Vasan R, et al. N Engl J Med 2001; 345:1291-1297 
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 Hazard Ratio* 

SBP Women Men 

<120/80      1.0      1.0 
120-129        1.5      1.3  
130-139        2.5      1.6 
H.R. adjusted for age, 
BMI, Cholesterol, Diabetes 
and smoking *P<.001
  
  

 
Framingham Study: Subjects Ages 35-90 yrs.  
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Risk Factor Clustering With Hypertension 

Risk factor clustering with hypertension, ages 18–74 years. Framingham offspring. 

Kannel WB. Am J Hypertens. 2000. 

0 1 2 3 

5 

0 

10 

15 

20 

25 

30 
Men 
Women 

17% 19% 

26% 27% 25% 24% 
22% 

20% 

8% 
12% 

≥4 

Risk 
Factors 

(%) 

Number of Risk Factors 



23 



24 

BP is a risk marker for “The Metabolic Syndrome” 

*Diagnosis is established when ≥3 of these risk factors are present. 
 
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.  
JAMA. 2001;285:2486-2497. 

NCEP-ATP III Definition: ≥3 of the Following* 

 
 

• Men: >102 cm (>40 in) 
• Women: >88 cm (>35 in) 

Fasting glucose 

• ≥130/≥85 mm Hg Blood pressure 

HDL-C 

• ≥150 mg/dL Triglycerides 

Abdominal obesity  
(waist circumference) 

• Men: <40 mg/dL  
• Women: <50 mg/dL 

• ≥100 mg/dL 

Presenter
Presentation Notes
Like patients with diabetes, patients with the metabolic syndrome are at increased risk for CHD. Both diseases are associated with insulin resistance, a condition in which the normal actions of insulin are impaired. As with diabetes, obesity—particularly central, or abdominal, obesity—and a sedentary lifestyle are RFs for the development of insulin resistance. Moreover, patients with the metabolic syndrome have a higher risk of developing overt diabetes than do subjects without this condition. The clinical criteria used to identify patients with metabolic syndrome recommended by the National Cholesterol Education Program (NCEP) are shown on this slide. The diagnosis is established when 3 or more of these RFs are present. The presence of the metabolic syndrome substantially enhances the risk of CHD at any given low-density–lipoprotein cholesterol (LDL-C) level. Because the correlation between abdominal obesity and other metabolic syndrome RFs is stronger than the correlation between BMI and these RFs, the measurement of waist circumference is recommended as a simple method to identify the weight component of the metabolic syndrome. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. JAMA. 2001;285:2486-2497.Lakka H-M et al. JAMA. 2002;288:2709-2716.



25 

35%-40% 

20%-25% 

>50% 

Average  
reduction  
in events 

(%) 

–60 

–50 

–40 

–30 

–20 

–10 

0 

 
Stroke 

Myocardial 
infarction 

 
Heart failure 

Blood Pressure Lowering Treatment Trialists’ Collaboration. Lancet. 2000;355:1955-1964. 

Long-Term Antihypertensive Therapy 
Significantly Reduces CV Events 
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Clinical Trials in Hypertension 

HR Black, 2003. 
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Presenter
Presentation Notes
Large-scale clinical trials have addressed a number of questions about the treatment of hypertension. The earliest trials, such as the VA Cooperative Studies, MRC1 and ANHBP 1, investigated whether to treat diastolic hypertension. Determining the goal of treatment was the question addressed by HDFP, HOT, and UKPDS, later trials. Whether to treat diastolic BP elevation in older patients was investigated in the EWPHE, MRC, STOP, and SCOPE studies. Whether to treat systolic BP elevation in older patients was answered by SHEP, Syst-Eur and Syst-China. Many trials have addressed the question “What is the best way to treat HBP?,” starting with HAPPHY, MAPHY, TOMHS, and the VA study, and more recently extending to INSIGHT, NORDIL, ALLHAT, ANBP2, CONVINCE, and LIFE. Trials under way are also investigating the best way to treat high BP (HBP)—VALUE, ACCOMPLISH—and whether we can prevent hypertension—TROPHY.
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Blood Pressure 
Lowering  

Effect 

Specific 
Drug 
Effect 

 

Which is more important 
 to minimize CV Events? 

 

or 
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Presenter
Presentation Notes
Analyses for major cardiovascular events, cardiovascular mortality, and total mortality did not show significant differences among diuretics/-blockers, CAs, or ACEIs.29 
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Presenter
Presentation Notes
This slide shows the comparisons of different active treatments for the end points of stroke, CHD, and HF. As can be seen, there was a trend toward CAs being better for stroke reduction than diuretic/-blockers or ACEI-based therapies.29 In terms of CHD, analysis of the effects of different active treatment regimens revealed no significant differences among treatment with CAs, -blockers, ACEIs, or diuretics.29Analysis of HF showed no significant difference in risk between ACEI regimens and diuretic or -blocker treatment. In contrast, diuretic/-blocker- or ACEI-based regimens were associated with greater risk reductions compared with CA treatment.29 Overall, the study showed that BP reduction was more important than choice of an antihypertensive agent.



SPRINT Research Question 
Examine effect of more intensive high blood pressure treatment 
                           than is currently recommended 

   Randomized Controlled Trial 
           Target Systolic BP 

Intensive Treatment   
Goal SBP < 120 mm 

Hg 

Standard Treatment 
Goal SBP < 140 mm Hg  

SPRINT design details available at: 
• ClinicalTrials.gov (NCT01206062) 
• Ambrosius WT et al. Clin. Trials. 2014;11:532-546. 



Major Inclusion Criteria 
• ≥50 years old 

 
• Systolic blood pressure : 130 – 180 mm Hg (treated or 

untreated) 
 

• Additional cardiovascular disease (CVD) risk 
 

– Clinical or subclinical CVD (excluding stroke) 
 

– Chronic kidney disease (CKD), defined as eGFR 20 – <60 ml/min/1.73m2  
 

– Framingham Risk Score for 10-year CVD risk ≥ 15% 
 

– Age ≥ 75 years 

 

At least one 



SPRINT: Enrollment and Follow-up Experience 

Randomized 
(N=9,361) 

Screened 
(N=14,692) 

Standard 
Treatment 
(N=4,683) 

Intensive 
Treatment 
(N=4,678) 

• Consent withdrawn  154              121 
• Discontinued intervention    224              242 
• Lost to follow-up            111                  134 

(Vital status assessment: entire cohort) 

               Analyzed                         4,678    4,683 
            (Intention to treat)     



Demographic and Baseline Characteristics 
Total 

N=9361 
Intensive 
N=4678 

Standard 
N=4683 

 Mean (SD) age, years 67.9 (9.4) 67.9 (9.4) 67.9 (9.5) 

      % ≥75 years 28.2% 28.2% 28.2% 

 Female, % 35.6% 36.0% 35.2% 

 White, % 57.7% 57.7% 57.7% 

 African-American, % 29.9% 29.5% 30.4% 

 Hispanic, % 10.5% 10.8% 10.3% 

 Prior CVD, % 20.1% 20.1% 20.0% 

 Mean 10-year Framingham CVD risk, % 20.1% 20.1%  20.1% 

 Taking antihypertensive meds, %  90.6% 90.8% 90.4% 

 Mean (SD) number of antihypertensive 
meds 

1.8 (1.0) 1.8 (1.0) 1.8 (1.0) 

 Mean (SD) Baseline BP, mm Hg 
    Systolic 139.7 (15.6) 139.7 (15.8) 139.7 (15.4) 

    Diastolic 78.1 (11.9) 78.2 (11.9) 78.0 (12.0) 



Systolic BP During Follow-up 

   Mean SBP 
136.2 mm Hg 

   Mean SBP 
121.4 mm Hg 

      Average SBP 
     (During Follow-up) 
 
 
Standard: 134.6 mm Hg 
 
 
 
 
Intensive: 121.5 mm Hg 

Average number of 
antihypertensive 
medications 

Number of 
participants 

Standard 

Intensive 

Year 1 



Number of 
Participants 

Hazard Ratio = 0.75 (95% CI: 0.64 to 0.89) 

Standard 

Intensive 
  (243 events) 

      During Trial (median follow-up = 3.26 years) 
                 Number Needed to Treat (NNT) 
               to prevent a primary outcome = 61 

    SPRINT Primary Outcome 
               Cumulative Hazard 

(319 events) 



SPRINT Primary Outcome and its 
Components 

                    Event Rates and Hazard Ratios  

Intensive Standard 

No. of 
Events 

Rate, 
%/year 

No. of 
Events 

Rate, 
%/year 

HR (95% CI) P value 

Primary 
Outcome 

243 1.65 319 2.19 0.75 (0.64, 0.89) <0.001 

All MI 97 0.65 116 0.78 0.83 (0.64, 1.09) 0.19 

Non-MI ACS 40 0.27 40 0.27 1.00 (0.64, 1.55) 0.99 

All Stroke 62 0.41 70 0.47 0.89 (0.63, 1.25) 0.50 

All HF 62 0.41 100 0.67 0.62 (0.45, 0.84) 0.002 

CVD Death 37 0.25 65 0.43 0.57 (0.38, 0.85) 0.005 
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Age 75+ Results for Systolic Blood Pressure (SBP) 
Intervention Trial (SPRINT) (Williamson et al., JAMA 
2016)  
 
•Participants Aged >=75 Years with SBP 130-180 mm Hg  
if <1 medication, 130-170 mm Hg if taking 2 medications, 
130-160 mm Hg if taking 3 medications, and 130-150 if 
taking >=4 medications. 
•1317 randomized to SBP<120 and 1319 to SBP<140 
mmHg, mean age 79.9 years, median follow-up 3.1 years 
•Intensive vs. standard treatment group had lower risk of 
primary outcome of non-fatal MI, ACS, nonfatal stroke, 
nonfatal HF, and CVD death (HR=0.66 [0.51-0.85] 
•No difference in primary outcome by frailty status (p-
interaction=0.84) 
•All cause mortality also lower, HR=0.67 [0.49-0.91] 
•Serious adverse events similar (48.4% vs. 48.3%) 
•Hypotension rates were 2.4% vs. 1.4% 

      
 



Kaplan-Meier Curves for the Primary Cardiovascular Disease 
Outcome in Systolic Blood Pressure Intervention Trial 

(SPRINT) in Participants Aged 75 Years or Older by Baseline 
Frailty Status 

Tinted regions indicate 95% confidence 
intervals; FI, 37-item frailty index; HR, 
hazard ratio. The primary 
cardiovascular disease outcome was a 
composite of nonfatal myocardial 
infarction, acute coronary syndrome 
not resulting in a myocardial infarction, 
nonfatal stroke, nonfatal acute 
decompensated heart failure, and death 
from cardiovascular causes. 
 

P-interaction 
between frailty 
groups=0.84 
indicating no 
difference in primary 
CVD outcome by 
frailty status  JAMA. Published online  May 19, 2016. doi:10.1001/jama.2016.7050 
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Modification Recommendation Approximate SBP Reduction 
Range 

Weight reduction Maintain normal body weight (BMI=18.5-24.9) 5-20 mmHg/10 kg weight lost 

Adopt DASH eating 
plan 

Diet rich in fruits, vegetables, low fat dairy 
and reduced in fat 

8-14 mmHg 

Restrict sodium 
intake 

<2.4 grams of sodium per day 2-8 mmHg 

Physical activity Regular aerobic exercise for at least 30 
minutes on most days of the week 

4-9 mmHg 

Moderate alcohol 
consumption 

<2 drinks/day for men and <1 drink/day for 
women 

2-4 mmHg 

JNC VII Lifestyle Modifications for BP Control 

Chobanian AV et al. JAMA. 2003;289:2560-2572 

BMI=Body mass index, SBP=Systolic blood pressure 



Presenter
Presentation Notes
It has become well accepted that moderate weight loss improves cardiovascular and metabolic risk factors. In a study by Case and colleagues of obese individuals enrolled in a medically supervised rapid weight loss program study, 1 year of consecutive patients’ charts was reviewed to determine the response to diet-induced weight loss. Out of 185 individuals, 125 (68%) met the NCEP definition of the metabolic syndrome. At 4 weeks, a moderate decrease in weight (6.5%) induced by a very low calorie diet resulted in substantial reductions of systolic (11.1 mm Hg) and diastolic (5.8 mm Hg) blood pressure, glucose (17 mg/dL), triglycerides (94 mg/dL) and total cholesterol (37 mg/dL) (all P<0.001). These improvements were sustained at the end of active weight loss (average 16.7 weeks; total weight loss 15.1%), with further significant reductions in blood pressure and triglycerides. Weight loss was related to the changes in each criterion of the metabolic syndrome. The authors concluded that moderate weight loss markedly improved all aspects of the metabolic syndrome.Case CC, Jones PH, Nelson K, O’Brian Smith E, Ballantyne CM. Impact of weight loss on the metabolic syndrome. Diabetes Obes Metab. 2002;4:407-414.



Mediterranean Diet and BP 
• Counseling to eat a Mediterranean-style dietary 

pattern compared to minimal advice to consume a 
low-fat dietary pattern, in free-living middle-aged or 
older adults (with type 2 diabetes mellitus or at least 
3 CVD risk factors): 

  ↓BP by 6–7/2–3 mm Hg 
• In an observational study of healthy younger adults, 

adherence to a Mediterranean-style dietary pattern 
was associated with:  

   ↓BP 2–3/1–2 mm Hg 
 
 Strength of Evidence: Low 
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DASH Fact Sheet 



DASH: Dietary Approaches to Stop 
Hypertension 

• 2 RCTs (6 citations) evaluating the DASH 
pattern met eligibility criteria. 

• DASH dietary pattern description: 
• high in vegetables, fruits, and low-fat dairy 

products 
• high in whole grains, poultry, fish, and nuts 
• low in sweets, sugar-sweetened beverages, 

and red meats 
• low in saturated fat, total fat, and  
   cholesterol 
• high in potassium, magnesium,  
   calcium 
• rich in protein and fiber 

 



DASH and BP 
When all food was supplied to adults with BP 
120–159/80–95 mm Hg and both body weight and 
sodium intake were kept stable, the DASH dietary 
pattern, compared with a typical American diet of 
the 1990s: 
  ↓BP 5–6/3 mm Hg   
  
Strength of Evidence: High 
 

  



    

  

Appel LJ et al. NEJM 1997;336:1117-24 

  

Dietary Approaches to Stop Hypertension (DASH) Group 

Diet Evidence: 
Effect on Blood Pressure 

 
 
 
 
 
 
 
 
 
 
 

 
 

A diversified diet improves blood pressure 

459 hypertensive patients randomized to 1 of 3 diets for 8 weeks 

Systolic blood 
pressure  

(mm Hg) 

Diastolic blood 
pressure  

(mm Hg) 

Presenter
Presentation Notes
The Dietary Approaches to Stop Hypertension (DASH) trial randomized 459 adults with systolic blood pressures <160 mmHg and diastolic blood pressures between 80-95 mmHg to a control diet, a diet enriched in fruits and vegetables, or a combination diet that was enriched in fruits and vegetables and low in fat and cholesterol.  The sodium content did not differ across the three diets.  Compared to the control diet, the fruits and vegetables diet decreased systolic and diastolic blood pressure by 2.8 mmHg and 1.1 mmHg, respectively (P<0.001 for systolic, p=0.07 for diastolic).  Compared to the control diet, the combination diet decreased systolic and diastolic blood pressure by 5.5 mmHg and 3.0 mmHg, respectively (P<0.001 for each).



Sodium and BP: Overall Results 

In adults aged 25–80 
years with BP 120–
159/80–95 mm Hg, 
reducing sodium intake 
lowers BP. 
       
Strength of Evidence: 
High 
 



Different Levels of Sodium Intake 
In adults aged 25–75 years with BP 120–159/80–
95 mm Hg, relative to approximately 3,300 
mg/day ↓ sodium intake that achieved a mean 
24-hour urinary sodium excretion of 
approximately 2,400 mg/day: 
 ↓ BP by 2/1 mm Hg  
 ↓ Sodium intake that achieved a mean      
 24-hour urinary sodium excretion of  
 approximately 1,500 mg/day  
 ↓ BP by 7/3 mm Hg 
 
Strength of Evidence: Moderate 
 



Sodium and Dietary Pattern Changes 
In adults aged 25–80 with BP 120–159/80–95 mm 
Hg, the combination of ↓ sodium intake + eating 
the DASH dietary pattern lowers BP more than ↓ 
sodium intake alone. 
      
    Strength of Evidence: Moderate 
 

There is insufficient evidence from RCTs to 
determine whether ↓ sodium intake + changing 
dietary intake of any other single mineral (for 
example, increasing potassium, calcium, or 
magnesium) ↓ BP more than ↓ sodium intake 
alone.    
 

 



JAMA December 2013 



Important to Note… 
• JNC 7 was “The Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure”  
 

• JNC 8 is the “2014 Evidence-Based Guideline for the 
Management of High Blood Pressure in Adults” 
 

• In JNC 8 they give 9 Evidence based Recommendations 
 

• “… these recommendations are not a substitute for 
clinical judgment, and decisions about care must 
carefully consider and incorporate the clinical 
characteristics and circumstances of each individual 
patient.” 

• RCTs 
• conducted 1966 to present 

• Minimum 1-year follow-up period 
• Sample size > 100 



Recommendation #1 

1.  In patients aged ≥60 years, initiate pharmacologic 
treatment in systolic BP ≥150mmHg or diastolic BP 
≥90mmHg and treat to a goal systolic BP <150mmHg and 
goal diastolic BP <90mmHg.   

(Strong Recommendation – Grade A) 

In other words: 
Ease up on Hypertension 

Treatment in Older Adults (60 
years of age or older) 

 

Treat if BP >150/90 
Aim for <150/90 



Corollary Recommendation 

• In the general population aged 60 or 
older, if pharmacologic treatment for 
high BP results in lower achieved 
SBP (for example <140 mm Hg) and 
treatment is not associated with 
adverse effects on health or quality 
of life, treatment does not need to be 
adjusted. Expert Opinion-Grade E 

 



Recommendation #1 JNC 8 (Minority report)   
(Wright et al, Ann Intern Med 2014) 

• Concern that new cutpoint of <150/90 mmHg 
for most persons 60 years of age and over 
will result in poorer BP control and possibly 
higher CVD (especially stroke) rates. 

• Many older persons are at higher CVD risk 
and should not have a higher BP target goal. 

• Evidence supporting  SBP target from <140 
to < 150 mm Hg in persons ≥ 60 yrs. was 
insufficient and inconsistent with evidence 
supporting panel’s recommendation for a 
SBP target of < 140 mm Hg in those < age 60 
Yrs. 
 



Other Guidelines Still 
Endorse BP Goal of <140/90 
for Adults <80 Years of Age 

• ACC/AHA/CDC Scientific Advisory on an 
Effective Approach to High BP Control 
(November 2013) 

• ASH/ISH Guideline – December 2013 
• ESH Guideline – June 2013  



Hypertension in Diabetes 

• JNC 7 said: Treat to <130/80 
• Evidence says: No overall cardiovascular 

benefit with lower BP goals (although there 
was a stroke benefit) 

• JNC 8 says: <140/90 
• Both ESH and ADA maintain goal at 

<140/80 
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UKPDS: Effects of Tight vs. Less-Tight Blood Pressure Control 
 

UK Prospective Diabetes Study Group.  BMJ. 1998; 317:703-713. 

Presenter
Presentation Notes
The UKPDS also investigated the effects of blood pressure control on the prevention of complications of diabetes. One thousand one hundred forty-eight (1,148) of the randomized (4,297) patients had hypertension (mean BP160/94 mm Hg). Patients were randomized to either an ACE inhibitor or a beta-blocker to achieve either tight BP control (<150/85 mm Hg) or less tight control (180/105 mm Hg), with avoidance of treatment with ACE inhibitors or beta-blockers. However, medications were permitted in each group if required to achieve or maintain goals.Mean BP was reduced significantly during the follow-up period (median 8.4 years) in the tight control group compared with the less tight control group, with mean BP of 144/82 mm Hg and 154/87 mm Hg, respectively. However, after 9 years of follow-up, three or more medications were required in the tight control group to sustain goal BP.  Statistically significant reductions in both microvascular and macrovascular complications were observed in the tight control group vs the less tight control group. These reductions are illustrated on this slide. It should be noted that a reduction�(not shown here) in all-cause mortality did not reach statistical significance.The investigators also found that the studied ACE inhibitor and beta-blocker were equally safe and effective. 	UK Prospective Diabetes Study Group. BMJ. 1998;317:703-713.	UK Prospective Diabetes Study Group. BMJ. 1998;317:713-720.
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AHA/ACC/CDC 
Science 
Advisory for 
Effective 
Approach to 
High Blood 
Pressure 
Control 
(Hypertension 
2013) 



American Heart Association’s My Life Check 
Assessment (www.mylifecheck.org) 

Presenter
Presentation Notes
One tangible, strategic way we can do that is through a new health assessment tool we’ve created to help close the gap between the public’s perception and reality.‘My Life Check’ Assessment: This test is based on the latest cardiovascular science interpreted by American Heart Association medical experts. It will help a person assess their individual needs and develop unique steps to change their behavior and move closer to their individual health goals. Here’s how the tool works: 



My Life Check Assessment 

Presenter
Presentation Notes
Answer 18 questions about what we used to call “modifiable risk factors” and now are calling “Life’s Simple 7” health factors and health behaviors. These include cholesterol, blood pressure, blood sugar, smoking status, weight, physical activity and diet. 



My Life Check Assessment 

Presenter
Presentation Notes
Get a heart score: Overall cardiovascular health is assigned a number from 1 to 10 based on information supplied for the tool. Create an action plan: Seven simple action plans are available. This tool I’ve described isn’t the answer.  It’s the first step.  Never has the saying that a journey of a thousand miles starts with a step been more appropriate, for we must walk…and exercise, and walk…the walk, to make this vision a reality.  All of us have a special calling to help lead by example.  This tool, this effort, this quest is not just for “other people” – it is for us.   We’ll talk more later about the support we want toward our 2020 Goal. 



62 

CONCLUSIONS 
 
1) Hypertension is the leading cause of death 

worldwide and increases the risk of 
numerous CVD-related outcomes 

2) Many persons are misclassified on the 
basis of clinic BP measurements (white coat 
vs. masked HTN) 

3) Many persons, especially with 
comorbidities, remain inadequately 
controlled for HTN 

4) Combination therapy can improve BP 
control, and in resistant HTN, emerging 
invasive therapies such as renal 
denervation hold promise. 
 
 



Thank You! 

www.aspconline.org 

www.heart.uci.edu 
 
ndwong@uci.edu 

714-456-6699 

http://www.heart.uci.edu/


www.aspconline.org 

THANK YOU! 
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Definition of  
Resistant Hypertension 

Defined as failure of a rational 3-drug regimen, 
including an adequate dose of a diuretic or 
requiring ≥ 4 drugs. 
 

 To reduce BP to  

<140/90 mm Hg 

Presenter
Presentation Notes
	The definition is dependent on what is considered “acceptable therapy” and has evolved as JNC guidelines have recommended lower BP goals.Chobanian AV, et al. The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: The JNC 7 Report. JAMA. 2003;289:2560-2571.



Prevalence of “True” Resistant  
Hypertension 

• Egan, et al. (NHANES: 1 or 2 Rx) 33-50%       
(Rx inertia) 

• Egan, et al. (NHANES: 3 Rx) 15.9% 

• Persell (NHANES: ≥ 4 Rx) 8.9% 

• del la Sierra, et al. (ABM) 7.6% 

• Hanselin, et al. (optimal Rx selection) 2.7% 
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1. Risk factors associated  
with resistant HTN 

 •   Higher baseline SBP (ISH with wide PP) 
•   Older age (increased arterial stiffness) 
•   Black race 
•   Female sex (worst control in black women) 
•   CKD (eGFR < 45-60 cc/min) &  Uprotein 
•   Living in  Southeastern United States 
•   Obesity 
•   Diabetes 
•   Excessive alcohol intake 
•   Excessive salt intake 
   
  Cushman et al. J Clin Hypertens 4:393-404, 2002. 



    Therapeutic Approaches for 
Resistant HTN 

• Most people need combination Rx (rule of 1/3rds) 
• If 20/10 mm Hg above goal, start with 2 drugs 
• RAAS blockade is logical foundation of Rx 
• ARBs = ACEIs re CV protection 
• ARBs better tolerated than ACEIs 
• Simplifying combination Rx (A+C or A+ D): 
     -- Scientifically logical 
     -- restores dose responsiveness 
     -- removes unpredictability of response  
         (all respond) 
 

 



Physiological and pathophysiological actions of renal sympathetic afferent and efferent 
nerves.  

Krum H et al. Circulation 2011;123:209-215 

Copyright © American Heart Association 

Presenter
Presentation Notes
Physiological and pathophysiological actions of renal sympathetic afferent and efferent nerves. RAAS indicates renin-angiotensin-aldosterone system; RBF, renal blood flow; and BNP, brain natriuretic peptide.



Renal artery denervation 
 
 

Renal nerves on the 
adventitial surface of 
the renal  artery 

Intraluminal Simplicity 
catheter  
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Simplicity HTN-2 Investigators, Lancet  2010 

Simplicity HTN-2 Trial 

Office BP Home BP ABPM 

-20/-12 
 

(n=32) 

-11/-7 
 

(n=20) 

-32/-12 
 

(n=49) 

Renal denervation group: 

Presenter
Presentation Notes
Resting sympathetic activity to three different target tissues in normotensive (NT) subjects, hypertensive patients without left ventricular hypertrophy (LVH), and hypertensive patients with LVH. The presence of LVH was found to be associated with sympathetic overactivity targeted to both cardiac and skeletal muscle. Cardiac sympathetic overactivity may contribute to LVH and predispose to ventricular arrhythmias. Schlaich MP, Kaye DM, Lambert E, Sommerville M, Socratous F, Esler MD. Relation between cardiac sympathetic activity and hypertensive left ventricular hypertrophy. Circulation. 2003;108(5):560-5.



For Full Details, Please Go to WWW.NEJM.ORG 
 

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   



SYMPLICITY HTN-3 Trial Design 

• Office SBP ≥160 
mm Hg 

• Full doses ≥3 
meds 

• No med changes 
in past 2 weeks 

• No planned med 
changes for 6 M 

Home BP & 
HTN med  
confirmation 

• Office SBP ≥160 
mm Hg 

• 24-h ABPM SBP 
≥135 mm Hg 

• Documented med 
adherence 

Screening Visit 1 Screening Visit 2 

Renal  
angiogram; 
Eligible 
subjects  
randomized 

Home BP & 
HTN med  
confirmation 

Home BP & 
HTN med  
confirmation 

Primary 
 endpoint 

2 weeks  

2 weeks  

Sham Procedure 

Renal  
Denervation 

1 M 

1 M 3 M 

3 M 6 M 

6 M 12-60 M 

• Patients, BP assessors, and study personnel 
    all blinded to treatment status 
• No changes in medications for 6 M    

2 weeks  

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   



Efficacy Endpoints 
Primary Effectiveness Endpoint: 
• Comparison of office SBP change from baseline to 6 

months in RDN arm compared with change from baseline to 
6 months in control arm 

   Endpoint = (SBPRDN 6 month – SBPRDN Baseline) – (SBPCTL 6 month – SBPCTL Baseline) 
 

• Superiority margin of 5 mm Hg 
 

Powered Secondary Effectiveness Endpoint: 
• Comparison of mean 24-hour ambulatory (ABPM) SBP 

change from baseline to 6 months in RDN arm compared 
with change from baseline to 6 months in control arm 
 

• Superiority margin of 2 mm Hg 
 
 
 

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   



Primary Efficacy Endpoint  

Δ = -14.1±23.9 
P<0.001 

Δ = -11.7±25.9 
P<0.001 

Δ = -2.39 (95% CI, -6.89 to 2.12) 
P=0.26* 

(N=364) (N=171) 

O
ffi

ce
 S

BP
 (m

m
 H

g)
 

(N=353) (N=171) 

180 mm Hg 

166 mm Hg 

180 mm Hg 

168 mm Hg 

*P value for superiority with a 5 mm Hg margin; bars denote standard deviations Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   

Presenter
Presentation Notes
Baseline – Denervation 179.7 ± 16.16 Mo – Denervation   165.6 ± 23.6Baseline – Sham   180.2 ± 16.86 mo – Sham  168.4 ± 28.6



Powered Secondary Efficacy  
Endpoint  

Δ = -6.8±15.1 
P<0.001 

Δ = -4.8±17.3 
P<0.001 

Δ = -1.96 (95% CI, -4.97 to 1.06) 
P=0.98* 

(N=360) (N=167) 

24
-h

ou
r m

ea
n 

sy
st
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ic

 
AB

PM
 (m

m
 H

g)
 

(N=329) (N=162) 

159 mm Hg 
152 mm Hg 

160 mm Hg 
154 mm Hg 

*P value for superiority with a 2 mm Hg margin; bars denote standard deviations Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   

Presenter
Presentation Notes
Baseline – Denervation 179.7 ± 16.16 Mo – Denervation   165.6 ± 23.6Baseline – Sham   180.2 ± 16.86 mo – Sham  168.4 ± 28.6



Conclusions 
• In a prospective, multicenter, randomized, blinded, sham 

controlled trial of patients with uncontrolled resistant 
hypertension, percutaneous renal denervation was safe 
but not associated with significant additional reductions 
in office or ambulatory blood pressure. 
 

• These results underscore the importance of blinding and 
sham controls in evaluations of new devices. 
 

• Further study in rigorously designed clinical trials will be 
necessary to confirm previously reported benefits of 
renal denervation in patients with resistant hypertension 
or to validate alternate methods of renal denervation.  

Bhatt DL, Kandzari DE, O’Neill WW, et al...Bakris GL. N Engl J Med 2014   
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European Society of Hypertension 
Guidelines  Regarding Renal 
Denervation, 2013 
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