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ABSTRACT OF THE THESIS

Preventable Cardiovascular Disease Events Among the U.S. Population According to 2017
ACC/AHA High Blood Pressure Guideline

By
Xiaoyi Niu
Master of Science in Epidemiology
University of California, Irvine, 2019

Associate Professor Luohua Jiang, Chair

Hypertension is a risk factor for cardiovascular diseases including myocardial
infarction, stroke, heart failure, angina, and coronary heart disease. It is estimated that over
one third of the world population is experiencing hypertension, however, only half of the
hypertensive population had blood pressure under control. In 2017, ACC/AHA published
an updated high blood pressure guideline and redefine people who had their systolic blood
pressure between 130-140 mmHg or diastolic blood pressure between 80-90 mmHg as
having hypertension. The recommended treatment target became 130/80 mmHg instead of
140/90 mmHg. The aim of the study is to predict and compare the number of preventable
CVD events if blood pressure can be successfully lowered to 140/90 mmHg and 130/80
mmHg, respectively, in an ideal scenario, using 2013-2016 National Health and Nutrition
Survey (NHANES). Around 385,000 CVD events could be potentially prevented in 10 years
if blood pressures were controlled under 130/80 mmHg. Around 208,000 CVD events
could be potentially prevented in 10 years the target was 140/90 mmHg. Middle-aged

subgroups (50-69 years old), whites, Framingham high-risk subgroup (FRS > 20%), and

viii



comorbidity high-risk subgroup tended to have the highest increase in the number of
preventable CVD events. Based on PAR, older persons, people who had FRS > 20%, and
people who were in the comorbidity low-risk subgroup tended to benefit more than their
respective comparison groups. This estimation provided us a with better understanding of
the implications of the 2017 ACC/AHA guideline and the importance of controlling blood

pressure to the new target.

ix



CHAPTER 1

INTRODUCTION

Hypertension is a dangerous condition where pressure of the blood in the blood
vessels is higher than it should be. It is estimated that over one-third (75 million people) of
the world population is experiencing hypertension, and only about half of the hypertensive
population has high blood pressure under control.12 People with hypertension bear an
elevated risk of developing cardiovascular diseases (CVD) such as myocardial infarction,
stroke, angina, etc.3->

The Systolic Blood Pressure Intervention Trial (SPRINT) randomly assigned
participants who aged = 50 years old with systolic blood pressure (SBP) = 130 mmHg to
either intensive SBP treatment goal (target of < 120 mmHg) or standard SBP treatment
goal (target of < 140 mmHg). The trial reported a significant decrease in risk of
experiencing CVD events (HR = 0.75, 95% CI 0.64-0.89) and a significant lower all-cause
mortality (HR = 0.73, 95% CI, 0.60-0.90) in the intensive treatment group compared to
those of the standard treatment group.® After publication of these findings, in November
2017, American College of Cardiology (ACC) and American Heart Association (AHA)
published an updated guideline for hypertension, in regards to its prevention, detection,
evaluation and management. The new guideline established new blood pressure categories
(normal: systolic blood pressure (SBP) <120 mmHg and diastolic blood pressure (DBP) <80
mmHg; elevated: SBP 120-129 mmHg and DBP <80 mmHg; stage 1 hypertension: SBP 130-
139 mmHg or DBP 80-89 mmHg; stage 2 hypertension: SBP 2140 mmHg or DBP =90

mmHg). The most noticeable difference from previous guideline in 2003, the Seventh
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Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment
of High Blood Pressure (JNC7), is that the 2017 ACC/AHA guideline moved the “SBP 130-
139 mmHg/ DBP 80-90 mmHg” group from prehypertension to stage 1 hypertension, thus
lowering the treatment goal to <130/80 mmHg from the previously 140/90 mmHg.”
Muntner et al. have examined the prevalence of hypertension among U.S adults aged
> 20 years old based on the updated guideline. Around 14% of the population was
recategorized as having hypertension.8 Muntner et al.’s paper brought about discussions on
benefits and harms of introducing new hypertension definition to the clinics. Some study
groups raised the issue of “gray zone” patients (patients who have SBP between 130 and
140 mmHg and DBP between 80 and 90 mmHg) as they will be redefined as having
hypertension but will not be advised to be treated antihypertensive medications.?
However, Bell et al. commented in their review article that even though the “gray zone”
patients are not the major beneficiaries, patients who have high CVD risk (those who have
baseline 10-year CVD risk > 20%, or those who have a history of CVD) will benefit most by
controlling blood pressure to a lower target.10 Thus, it is necessary to estimate and quantify

the benefit of the new guideline for high CVD risk population.



CHAPTER 2

OBJECTIVES

The purpose of the study is to predict and compare the number of preventable CVD
events if blood pressure can be successfully lowered to 140/90 mmHg and 130/80 mmHg,
respectively, in an ideal scenario, using 2013-2016 National Health and Nutrition Survey
(NHANES). We also assessed the 10-year CVD risk score using D'Agostino Framingham
Heart Study risk prediction algorithms for total CVD and calculated the number of
predicted CVD events in 10 years. And we further stratified our estimates by age groups,

gender, ethnicity, Framingham risk groups, and comorbidity risk groups.



CHAPTER 3

METHODS

3.1 Sample Description

National Health and Nutrition Examination Survey (NHANES) is designed to
evaluate the health and nutritional status of civilian noninstitutionalized U.S. population.
The survey uses a complex, multistage probability sampling design to select
representatives. In consideration of oversampling of certain subgroups and non-responses,
a sampling weight is assigned to each participant. NHANES data are publicly released in 2-
year cycles since 1999.11

For current analysis, we merged 4 years of NHANES data from 2013 to 2016, which
include 8380 participants aged 30-74 years old. After excluding participants who had any
of the following conditions: 1) had previous CVD events including coronary heart disease,
heart attack, angina, stroke, and heart failure (n=850), which is defined as participants who
answered “yes” to the question “Have you ever told had congestive heart failure/coronary
heart disease/angina/heart attack/stroke?”, or 2) had missing data in total cholesterol
level and high-density lipoprotein (HDL) cholesterol level (n=592), smoking status (n=5),
antihypertensive medication record (n=6), blood pressure measurements (n=214), the
remaining sample size was 6713 participants in our analysis. Among these 6713
participants, 1206 participants (18.0% of the initial sample population) had stage 2
hypertension. We looked at stage 2 hypertension population because they are considered
having high CVD risk, and it is straightforward to compare the difference between

predicted preventable CVD events after lowering the blood pressure to 140/90 mmHg and
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to 130/80 mmHg; while for stage 1 hypertension population, no direct comparison can be
made to show the benefits of controlling blood pressure to a lower target. Of these 1206
participants, we finalized our study population to 527 participants (6.2% of the initial
sample population) with untreated stage 2 hypertension to predict the number of CVD
events in 10 years, as well as the number of preventable CVD events after lowering blood
pressure to certain targets. Treated stage 2 hypertension patients are not included in the
study because we are interested in the benefit of initiating antihypertensive medication.
Ethics Review Board has approved NHANES protocols, and signed informed consents were

obtained from all participants. (A flowchart was presented in Appendix A.)

3.2 Blood Pressure Measurement

Blood pressure measurements were carried out by trained physicians using
calibrated mercury true gravity wall model sphygmomanometer and appropriate
calibrated V-Lok cuffs under standard physician protocol.12 Participants were asked to sit
in chair in position and rest for 5 minutes. After that up to three blood pressure readings
were obtained. The average of up to three blood pressure readings was used to define SBP
and DBP. If only one reading was obtained, that reading was used as the average. According
to 2017 ACC/AHA Guideline?, stage 2 hypertension is defined as SBP 2 140 mmHg or DBP >

90 mmHg.



3.3 Other Risk Factor Measurement or Definition
a. Cholesterol
Blood samples were drawn from participants at the Mobile Examination Centers
(MEC) and were processed and aliquoted into vials for storage. Lipid levels were measured
from serum by NHANES Diabetes Laboratory. Total cholesterol was measured using
enzymatic reactions, and HDL cholesterol was measured by the direct immunoassay
method.13-15
b. Diabetes
A participant is defined as having diabetes if he/she had any of the following
conditions: 1) had fasting glucose = 126mg/dL, or 2) had non-fasting glucose > 200mg/dL,
or 3) had HbA1lc = 6.5%, or 4) reported current use of diabetic medication or insulin, or 5)
answered “yes” to the question “Have you ever been told by a doctor or health professional
that you have diabetes or sugar diabetes?”.
c. Chronic Kidney Disease
Serum creatinine level of each participant was measured from blood sample drawn
at MEC. eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration
equation: eGFR = 141*min (serum creatinine/k,1)# *max (serum creatinine/k,1)-1.209
*0.99328e*1.018 (if female), where A = -0.411 for men and -0.329 for women, k = 0.9 for
men and 0.7 for women, min = minimum of serum creatinine/k or 1, max = maximum of
serum creatinine/k or 1.16 A person is defined as having serious chronic kidney disease if

his/her eGFR is less than 60 ml/min/1.73m?.



d. Others

Age is categorized into five subgroups: 30-39 years, 40-49 years, 50-59 years, 60-69
years, = 70 years. Current smoker is defined as participants who answered “yes” to the
question “Have you smoked at least 100 cigarettes in your entire life?” and who answered
“yes” to the question “Do you now smoke cigarettes?”. Obesity is defined as body mass
index = 30 kg/m2. A person is defined to have family history of myocardial infarction (fatal
or non-fatal) if he/she answered “yes” to the question “Including living and deceased, were
any of your close biological that is, blood relatives including father, mother, sisters or
brothers, ever told by a health professional that they had a heart attack or angina before

the age of 507”.

3.4 Risk Group Definition

We used D'Agostino Framingham Heart Study risk prediction algorithms for total
CVD17 to estimate the 10-year CVD risk in the sample and weighed the risk to the U.S
population. We chose this algorithm because it is the only known algorithm that estimates
all CVD endpoints for the U.S population. The equation for men is: Framingham Risk Score
(FRS) =100*(1-0.889364), where A = exp((3.06117*log(age) + 1.1237*log(total cholesterol
level) - 0.93263*log (HDL cholesterol level) + 1.93303*log(SBP if untreated with
antihypertensive medication) + 1.99881*log(SBP if treated with antihypertensive
medication, in our case would be 0) + 0.65451*(if current smoker) + 0.57367*(if having
diabetes) - 23.9802). The equation for women is: Framingham Risk Score (FRS) = 100*(1-
0.950124), where A = exp((2.32888*log(age) + 1.20904*log(total cholesterol level) -

0.70833*log (HDL cholesterol level) + 2.76157*log(SBP if untreated with antihypertensive



medication) + 2.82263*log(SBP if treated with antihypertensive medication, in our case
would be 0) + 0.52873*(if current smoker) + 0.69154*(if having diabetes) - 26.1931).
Three Framingham risk subgroups were created based on the score: low risk (FRS < 10%),
intermediate risk (FRS ~ 10-20%), high risk (FRS > 20%).

To further evaluate the impact of a lower blood pressure target on population with
certain CVD comorbidities or risk factors, we introduced another risk stratifying method.
Referring to 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular
Diseasel8, a comorbidity high-risk group among untreated stage 2 hypertension population
is defined as individuals who had either 1) diabetes, or 2) chronic kidney disease (stage 3
or above), or 3) two or more risk factors including current smoking, obesity, family history
of CVD, elevated total cholesterol level (= 200 mg/dL), and decreased HDL cholesterol level
(< 40 mg/dL for men, < 50 mg/dL for women). A comorbidity low-risk group would be
individuals without diabetes or chronic kidney disease and had less than two risk factors

mentioned above.

3.5 10-Year CVD Events and Preventable CVD Events Prediction

Our first step was to calculate the number of predicted CVD events by multiplying
the average 10-year CVD risk of the untreated stage 2 hypertension population with the
NHANES population size, stratifying by age subgroup, ethnicity, Framingham risk
subgroup, and CVD comorbidity subgroup. Next, we recalculated a new 10-year CVD risk by
setting SBPs of our study samples to 140 mmHg. The new 10-year CVD risk was multiplied
by each subgroup’s population size to yield the predicted number of CVD events if

controlling SBP under 140 mmHg. Difference between the two predicted number of events



would be the number of events that could be prevented by controlling SBP under 140
mmHg. Population attributable risk (PAR) is defined as the number of preventable CVD
events divided by the number of initially calculated predicted CVD events. Same procedure
was followed when calculating preventable CVD events by controlling SBP under 130
mmHg. Differences in cardiovascular risk factor characteristics in subgroups were assessed
using independent t-test and chi-square test. The trends of continuous variables within
subgroups were assessed using ANOVA. All statistical analysis was carried out using SAS

9.3 software (SAS Institute Inc, Cary, NC) and Stata (Stata, version 12.0; StataCorp).



CHAPTER 4

RESULTS

4.1 Study Population

Descriptive statistics on cardiovascular risk factors of untreated stage 2
hypertension population from 2013-2016 NHANES were summarized in Table 1. The mean
age was 52.1 for males (63.3%) and 55.5 for females (36.7%). Over 60% of the population
was whites and around 12% was blacks. Compared to men, women had significantly lower
DBP (81.4 mmHg vs. 84.5 mmHg, p = 0.0012) and higher HDL cholesterol level (59.4 mg/dL
vs. 48.5 mg/dL, p < 0.001).

After stratifying by gender and age group, ANOVA test showed a positive association
between SBP and age in both men and women, while a negative association was found
between DBP and age in women. For cholesterol, the oldest female group (= 70 years old)
had, on average, the highest total cholesterol level, and the youngest male group (30-39
years old) had, on average, the lowest HDL cholesterol level. A higher diabetes prevalence
was reported in 60-69 age group than in other age groups among men. It was noted that
the obesity prevalence was highest in the youngest age group both in men and in women.
After stratifying by ethnicity, no significant difference in risk factors between ethnic groups
was observed except that Mexican American had the highest prevalence of diabetes in men.

When looking at Framingham risk subgroups, subjects in a higher Framingham risk
subgroup tended to have higher SBP. Among women, as FRS increased, total cholesterol
level increased and HDL cholesterol level decreased. In both men and women, prevalence

of diabetes was much higher in the Framingham high-risk group compared to the
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intermediate and low risk groups. Almost half of the women in the Framingham high-risk
subgroup were current smokers, and nearly a quarter of the women in this subgroup had
chronic kidney disease. As we moved on to the analysis of CVD comorbidity risk subgroups,
we found that HDL cholesterol levels were significantly lower in comorbidity high-risk
groups than the low-risk groups in both men and women. Total cholesterol level was
significantly higher in high-risk group than in low-risk group in men. Around two thirds of
the population in high-risk group were obese (62.5% in men, 68.7% in women), and nearly
20% had a family history of cardiovascular events (17.6% in men, 17.8% in women). 27.2%

of the male participants in high-risk group reported current smoking.

4.2 The Number of Predicted CVD Events and Predicted Preventable CVD Events

The number of preventable CVD events after controlling blood pressure to lower
targets, as well as the corresponding population attributable risks (PARs), stratified by
gender and age group, were illustrated in Table 2. Among all age groups, even though the
oldest persons (= 70 years old) had, on average, the highest 10-year CVD risk score, people
at age 60-69 years old had the highest number of predicted CVD events due to larger
population size. The youngest age group (30-39 years old) had the fewest predicted events.
After controlling blood pressure to 140/90 mmHg, the 60-69 age group was predicted to
have the greatest number of preventable events. However, PAR had shown that the oldest
age group would benefit more compared to other age groups. Women tended to benefit
more than men, and this difference was specifically significant in older persons (=60 years
old). After lowering blood pressure to the new target 130/80 mmHg, again, there were

more predicted preventable events in the 60-69 age group, but the oldest age group would
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benefit most. Women would significantly benefit more than men. When comparing the
number of preventable events after lowering blood pressure to 140/90 mmHg and 130/80
mmHg, controlling blood pressure to a lower target would approximately double the
number of preventable CVD events in each age group (Appendix B). PAR increased by a

range of 9.22%-10.03% in men and a range of 12.90%-15.26% in women (Appendix C).
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Table 4.1. Means/ Prevalence of Cardiovascular Risk Factors among Stage 2 Hypertension Population without Antihypertensive Treatment
Based on 2013-2016 NHANES, by Gender, Age Group, Ethnicity, and Risk Groups *

Unweighted Weighted Proportion Systolic Diastolic Total HDL Current Diabetes Chronic Obesity Family
Number of Number (%) ® Blood Blood Cholesterol  Cholesterol  Smoker (%) Kidney (%) History
Sample Size of Sample Pressure  Pressure (mg/dL) (mg/dL) (%) Disease of CVD
Size (mmHg) (mmHg) (%) Events
(1000s) (%)
Total
Men 321 6769 63.3 146.5+0.8 84.5+0.8¢  209.1+2.6 48.5+1.3¢ 18.5 13.0 3.0 42.0 12.0
Women 206 3927 36.7 150.3+1.1  81.4+1.2¢  212.1+4.6 59.4+2.5¢ 16.2 123 54 45.6 11.0
Age Category
Men
30-39y 61 1372 203 142.0+£1.2°  86.6+£1.0° 218.3+4.1 43.9+3.0° 253 8.4° 0 68.2° 227
40-49 y 76 1719 254 142.8+1.5° 87.1+1.0°  216.1+4.3 47.3+1.6° 253 9.6° 0 44 1¢ 134
50-59 y 77 1881 27.8 148.8+1.3° 86.4+1.3°  204.844.0 47242 .5° 123 10.4¢ 2.6 35.1¢ 8.2
60-69 y 87 1466 21.7 150.5+1.2° 80.2+2.1°  200.5+4.6 56.1+1.8° 9.8 26.7° 8.0 26.8° 7.5
270y 20 331 49 153.1+4.2°  70.7+2.4° 197.0+6.9 47.7£3.1° 27.9 3.7 10.8 28.8° 1.4
Women
30-39y 22 378 9.6 145.441.9° 92.740.2°  187.548.9° 47.542.8 22,6 14.1 0 74.8° 255
40-49 y 37 788 20.1 147.4+1.6° 88.1+1.5° 212.1+5.3° 53.7+1.6 14.6 9.0 0 48.5¢ 7.9
50-59y 64 1264 322 148.9+1.4° 79.5+1.4° 218.7+9.8° 64.1+4.2 14.1 123 59 51.5¢ 4.7
60-69 y 63 1156 294 153.6£2.9° 77.242.3%  207.745.9° 58.1+4.1 21.8 16.6 6.9 38.0° 142
>70y 20 341 8.7 156.9£0.8° 75.2£5.0°  229.4+7.7° 73.2£1.3 1.4 3.7 17.1 9.9¢ 14.5
Ethnicity
Men
Mexican 50 578 85 144.7+1.4  84.0£1.6  222.3+5.4f 42.6x1.1 229 25.2f 0 48.2 135
American
Other 34 338 5.0 149.3+1.8 83.8+2.5  206.5+4.1F 46.2+2.1 17.3 15.0° 0 42.9 11.2
Hispanic
White 101 4332 64.0 145.6+0.8  84.8+1.1  210.4+3.2° 49.1£19 14.8 11.3° 3.7 42.0 139
Black 79 807 11.9 149.1+x1.5  83.9+L.5 197.7+5.1° 51.9+1.6 31.6 1.7 0.9 49.5 104
Asian 46 442 6.5 145.8+2.1 873+1.1  208.6£6.37 47.0:09 21.2 19.8° 7.9 214 2.1

Other Races 11 271 4.0 153.2 78.8 197.9¢ 46.7 26.1 42t 0 39.1 0
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Women

Mexican 40 354 9.0 150.1£1.0 77.61.6° 208.2+4.4 59.4+0.7 11.5 13.3 5.8 48.6 10.0
American
Other 38 312 8.0 152.3£1.0  79.3+1.6 199.0+4.8 50.8+2.5 16.4 12.6 0 544 9.0
Hispanic
‘White 59 2365 60.2 150.8+1.4 81.8+t1.6" 213.0+4.6 62.0+£3.4 154 10.6 6.9 392 11.0
Black 41 491 12.5 148.0+1.8 81.4+0.7"7  200.9+4.9 57.0+1.1 36.8 24.1 32 66.7 13.8
Asian 24 236 6.0 147.2£0.8  86.0+£2.57  202.5+7.2 62.7+1.5 0 11.5 53 10.9 5.1
Other Races 4 167 43 151.7 82.5f 278.1 41.3 0 0 0 100 17.2
Framingham
Risk Score
Group
Men
FRS<10% 94 2212 327 141.0+£0.9¢ 85.7+1.28  205.543.7 49.5+2.9 133 1.58 0 515 16.4
10%<FRS<20 110 2516 37.2 145.2+1.08  85.3+1.5%8 212.2+4.6 50.5+1.9 14.6 7.78 0 42.9 8.8
%
FRS>20% 117 2041 30.2 154.0+1.28 824+1.4% 209.0+3.4 45.1+1.5 289 31.98 9.8 30.5 11.1
Women
FRS<10% 100 2024 51.6 145.6+£0.88 85.3+1.0¢  203.6+5.1% 62.34+2.98 8.2¢ 4.28 0.8% 48.1 9.6
10%=<FRS=<20 76 1358 34.6 153.0+£1.18  76.8+1.8%2 218.4+8.9¢ 59.644.0¢8 17.98 12.1¢ 4.68 39.1 14.0
%
FRS>20% 30 545 13.9 161.2+1.38 78.6+2.5%¢ 227.8+8.3% 48.3+2 58 41.7¢ 42 98 24.6° 522 8.8
Comorbidity
Risk Group *
Men
Low Risk 138 2804 41.4 147.6+1.7 84.2+1.2 198.7+4.7" 56.6+£2.0" 6.10 0 0 12.9" 4,00
High Risk 183 3965 58.6 145.7+£1.0 84.7+09  216.5+3.0" 42.8+1.5" 27.2b 222 5.1 62.5" 17.6"
Women
Low Risk 78 1619 41.2 152.440.8 84.7+1.3 210.3+6.4 72.94+4.3 8.9 0 0 12.5" 1.3
High Risk 128 2308 58.8 148.8+1.0  79.2+1.3 213.3+5.8 50.0+1.9" 21.3 21.0 9.2 68.7" 17.8"

wb:m_wmmm. are based on H.m_.mm,.\m_w small numbers. The results are imprecise and should be interpreted with
caution.

bProportions don’t add up to 100% due to rounding errors.

¢ A high risk group within the studied population is defined as having either 1) diabetes or 2) chronic kidney
disease (Stage 3 or above) or 3) two or more risk factors including current smoking, obesity, family history of
CVD, elevated total cholesterol (2200 mg/dL), and decreased HDL cholesterol (<40 mg/dL for men, <50
mg/dL for women).

d Difference between men and women are statistically significant.

e Difference between age subgroups are statistically significant.

fDifference between ethnic subgroups are statistically significant.

eDifference between Framingham risk subgroups are statistically significant.

h Difference between comorbidity risk subgroups are statistically significant.
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Table 2. Cardiovascular Events Prevented by Controlling Blood Pressure to 140/90
mmHg versus to 130/80 mmHg among Untreated Stage 2 Hypertension Population

Based on 2013-2016 NHANES, by Gender and Age Group 2

Uncontrolled Controlled to 140/90 Controlled to 130/80
mmHg mmHg
' Unweighted ~ Weighted 10- Predicte Preventab PAR (%)" Preventable PAR (%)"
Number of  Number of year d Events le Events Events
People with  People with CVD (1000s) (1000s) (1000s)
Stage 2 Stage 2 Risk
Hypertensi  Hypertensi (%)
on on (1000s)
Men
30-39y 61 1372 5.35 73 4 5.48 11 15.07
40-49 y 76 1719 11.99 206 15 7.28 34 16.50
50-59 y 77 1881 18.55 349 41 11.75 76 21.78
60-69 y 87 1466 27.16 398 41 10.30 80 20.10
>70y 20 331 38.22 127 17 13.39 29 22.83
Total 321 6769 17.04 1153 118 10.23 230 19.95
Women
30-39y 22 378 3.82 14 1 7.14 3 21.43
40-49 y 37 788 7:55 59 9 15.25 18 30.51¢
50-59 y 64 1264 10.67 135 21 15.56 41 30.37¢
60-69 y 63 1156 17.62 204 42 20.59¢ 69 33.82°¢
>70y 20 341 18.05 62 16 25.81°¢ 24 38.71°¢
Total 206 3927 12.07 474 89 18.78¢ 155 32.70¢

a Analyses are based on relatively small numbers. The results are imprecise and should be interpreted with

caution.

bPAR=population attributable risk=preventable events/predicted events.

¢ Difference between men and women are statistically significant.
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Table 3 presents the number of predicted CVD events, the number of preventable
CVD events after controlling blood pressure to lower targets and corresponding PARs,
stratified by gender and ethnicity. Other Hispanics had, on average, higher 10-year CVD
risk score compared to other ethnic groups. In the male population, Asians had a similar
10-year CVD risk score as other Hispanics. More CVD events were predicted in whites due
to a larger proportion of sample. After controlling blood pressure to 140/90 mmHg, whites
had the highest number of predicted preventable CVD events. For men, other Hispanics
would benefit the most, followed by blacks and Mexican American. For women, PARs were
similar in Mexican American, other Hispanics, and whites. After lowering blood pressure to
130/80 mmHg, similar patterns were observed in distribution of preventable events and
PAR. Whites had about 136,000 predicted preventable CVD events in men and about
100,000 in women. For men, PAR was greatest in other Hispanics, followed by blacks and
Mexican American. White women would significantly benefit more than white men under
both situations. The number of preventable events nearly doubled when changing the
control target from 140/90 mmHg to 130/80 mmHg (Appendix D), and PAR increased by a

range of 8.53%-10.10% in men and a range of 12.20%-15.79% in women (Appendix E).
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Table 3. Cardiovascular Events Prevented by Controlling Blood Pressure to 140/90
mmHg versus to 130/80 mmHg among Untreated Stage 2 Hypertension Population
Based on 2013-2016 NHANES, by Gender and Ethnicity 2

Uncontrolled Controlled to 140/90 Controlled to 130/80
mmHg mmHg
Unweighted Weighted 10-  Predicted Preventable PAR (%)" Preventable PAR (%)"
Number of Number of year Events Events Events
People with People with CVD (1000s) (1000s) (1000s)
Stage 2 Stage 2 Risk
Hypertension  Hypertension (%)
(1000s)
Men
Mexican 50 578 17.13 99 10 10.10 20 20.20
American
Other 34 338 18.88 64 10 15.63 16 25.00
Hispanic
White 101 4332 16.49 714 65 9.10 136 19.05
Black 79 807 16.00 129 17 13.18 30 23.26
Asian 46 442 18.57 82 9 10.98 16 19.51
Other Races 11 271 23.77 64 7 10.94 13 20.31
Total 321 6769 17.04 1152 118 10.24 231 20.05
Women
Mexican 40 354 10.66 38 7 18.42 13 34.21
American
Other 38 312 13.22 41 8 19.51 13 31.71
Hispanic
White 59 2365 12.55 297 59 19.87¢ 100 33.67¢
Black 41 491 11.14 55 9 16.36 16 29.09
Asian 24 236 8.54 20 2 10.00 5 25.00
Other Races 4 167 13.90 23 5 21.74 8 34.78
Total 206 3927 12.07 474 90 18.99¢ 155 32.70°

2 Analyses are based on relatively small numbers. The results are imprecise and should be interpreted with

caution.

bPAR=population attributable risk=preventable events/predicted events.
¢ Difference between men and women are statistically significant.
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Table 4 reports the number of predicted CVD events, preventable CVD events after
controlling blood pressure to lower targets and corresponding PARs stratified by
Framingham risk group and comorbidity risk group. When stratified by Framingham risk
group, there were more males in the Framingham high-risk group but more females in the
low-risk group. In men, the higher the score, the more CVD events predicted. In women, the
intermediate risk group had the most CVD events predicted. After controlling blood
pressure to 140/90 mmHg, more preventable CVD events were predicted in the
Framingham higher risk group, which was also true when controlling blood pressure to
130/80 mmHg (Figure 1). For both situations, PAR increased as FRS increased. Women
would benefit more than men. PAR increased by a range of 8.73%-10.22% in men and a
range of 12.33%-14.96% in women when blood pressure was controlled to 130/80 mmHg

compared to 140/90 mmHg. (Figure 2)
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Figure 1. The number of predicted preventable CVD events when controlling blood pressure under
140/90 mmHg vs. under 130/80 mmHg stratified by Framingham Risk Score subgroup and gender.
Upper graph shows the number of predicted preventable CVD events for men. Lower graph shows the
number of predicted preventable CVD events for women. The blue bar represents blood pressure control
target of 140/90 mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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Figure 2. Population attributable risk when controlling blood pressure under 140/90 mmHg vs. under
130/80 mmHg stratified by Framingham Risk Score subgroup and gender. Upper graph shows PAR of
men. Lower graph shows PAR of women. The blue bar represents blood pressure control target of 140/90
mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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When stratified by CVD comorbidity risk subgroup, nearly 60% (183 men and 128
women) of the participants were in the high-risk group. The average FRSs in comorbidity
high-risk groups were 5.8% and 3.5% higher than those in low-risk groups, in men and in
women, respectively. As a result, the predicted CVD events doubled in high-risk group
(1083,000 in total) compared to low-risk group (544,000 in total). There were also more
preventable events in high-risk group (134,000 in total) than in low-risk group (84,000 in
total) after controlling blood pressure to 140/90 mmHg (Figure 3). However, when
comparing PAR between comorbidity high versus low risk groups, the low-risk group
actually would benefit more than the high-risk group. By further controlling blood pressure
to 130/80 mmHg, again, more preventable CVD events were predicted in high-risk group
(244,000 in total) than in low-risk group (144,000 in total) (Figure 3), and low-risk group
would benefit more than high-risk group. PAR increased by nearly 10% in men and 15% in

women when changing the control target from 140/90 mmHg to 130/80 mmHg (Figure 4).
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Figure 3. The number of predicted preventable CVD events when controlling blood pressure under
140/90 mmHg vs. under 130/80 mmHg stratified by comorbidity subgroup and gender. Upper graph
shows the number of predicted preventable CVD events for men. Lower graph shows the number of predicted
preventable CVD events for women. The blue bar represents blood pressure control target of 140/90 mmHg.
The orange bar represents blood pressure control target of 130/80 mmHg.
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Figure 4. Population attributable risk when controlling blood pressure under 140/90 mmHg vs. under
130/80 mmHg stratified by comorbidity subgroup and gender. Upper graph shows PAR of men. Lower
graph shows PAR of women. The blue bar represents blood pressure control target of 140/90 mmHg. The
orange bar represents blood pressure control target of 130/80 mmHg.
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Table 4. Cardiovascular Events Prevented by Controlling Blood Pressure to 140/90

mmHg versus to 130/80 mmHg among Untreated Stage 2 Hypertension Population
Based on 2013-2016 NHANES, by Gender, Framingham Risk Group, and Comorbidity

Risk Group 2

Uncontrolled Controlled to 140/90 Controlled to 130/80
mmHg mmHg
Unweighted Weighted 10- Predicted Preventable PAR (%)" Preventable PAR (%)"
Number of Number of year Events Events Events
People with People with CVD (1000s) (1000s) (1000s)
Stage 2 Stage 2 Risk
Hypertension Hypertension (%)
(1000s)
Framingham
Risk Score
Group
Men
FRS<10% 94 2212 5.69 126 7 5.56 18 14.29
10<FRS<20 110 2516 14.39 362 26 7.18 63 17.40
Y%
FRS>20% 117 2041 32.59 665 85 12.78 149 22.41
Total 321 6769 17.04 1153 118 10.23 230 19.95
Women
FRS<10% 100 2024 6.25 127 14 11.02 33 25.98¢
10=FRS=<20 76 1358 14.86 202 40 19.80¢ 68 33.66¢
%
FRS>20% 30 545 26.75 146 37 25.34¢ 55 37.67¢
Total 206 3927 12.07 475 91 19.16¢ 156 32.84¢
Comorbidity
Risk Group ©
Men
Low Risk 138 2804 13.62 382 45 11.78 83 21.73
High Risk 183 3965 19.45 771 73 9.47 148 19.20
Total 321 6769 17.04 1153 118 10.23 231 20.03
Women
Low Risk 78 1619 10.00 162 39 24.07¢ 6l 37.65¢
High Risk 128 2308 13.52 312 51 16.35¢ 95 30.45¢
Total 206 3927 12.07 474 90 18.99¢ 156 32919
2 Analyses are based on relatively small numbers. The results are imprecise and should be interpreted with
caution.

bPAR=population attributable risk=preventable events/predicted events.

A high risk group within the studied population is defined as having either 1) diabetes or 2) chronic kidney
disease (Stage 3 or above) or 3) two or more risk factors including current smoking, obesity, family history of
CVD, elevated total cholesterol (2200 mg/dL), and decreased HDL cholesterol (<40 mg/dL for men, <50
mg/dL for women).

d Difference between men and women are statistically significant.
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CHAPTER 5

DISCUSSION

Our study predicted, on average, 85% more preventable CVD events if blood
pressures are assumed to be successfully lowered to 130/80 mmHg instead of 140/90
mmHg in all subgroups of untreated stage Il hypertension patients. Middle-aged subgroups
(50-69 years old), whites, Framingham high-risk subgroup (FRS > 20%), and comorbidity
high-risk subgroup tended to have the highest increase in the number of preventable CVD
events. Based on PAR, older persons, people who had FRS > 20%, and people who were in
the comorbidity low-risk subgroup tended to benefit more than their respective

comparison groups.

5.1 The Number of People in Framingham Risk Subgroups

In our study, a gender difference in distribution of the number of people in
Framingham risk subgroups was observed. Past studies using previous NHANES dataset
(1999-2002, 2003-2006) or other national health survey dataset have also predicted a
similar difference in FRS strata distribution between men and women. In men, more people
were in high Framingham risk group than in low Framingham risk group, while in women,
the distribution was the opposite.19-21 Such distribution could be explained by the gender
difference in cholesterol regulatory pathways. In women, estrogen-mediated effects can
result in an increase in HDL cholesterol and decrease in LDL cholesterol, which proves to
be protective against CVD.22 This biological mechanism is supported by our study results

that the HDL cholesterol level in our female study population was significantly higher than
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that in male study population. Another possible explanation for the distribution is that FRS
algorithm tends to underestimate the number of women at high Framingham risk group
because additional risk factors for women, such as hemoglobin Alc, apolipoproteins A-I
and B-100, high-sensitivity C-reactive protein, soluble intercellular adhesion molecule 1,
are not included in the algorithm. This might potentially misclassify high-risk women into

the low-risk subgroup.23

5.2 The Number of Predicted Preventable Events through Intensive Blood Pressure Control
In all subgroups, after lowering blood pressure from 140/90 mmHg to 130/80
mmHg, the number of predicted preventable CVD events nearly doubled. This prediction
was consistent with the SPRINT study result, that participants who took intensive blood
pressure treatment for 3 years had a significantly lower rate (hazard ratio, 0.75) of
developing CVD events (including myocardial infarction, acute coronary syndrome not
resulting in myocardial infarction, stroke, acute decompensated heart failure, or death from
cardiovascular causes) relative to standard blood pressure treatment.® Later studies have
also shown a stronger protective association between intensive blood pressure lowering
and development of CVD events when comparing with standard blood pressure
lowering.24-26 [n a meta-analysis investigating intensive blood pressure lowering benefits
by antihypertensive medication in older hypertensive patients (= 65 years), overall, there
were 29% reduction in major adverse cardiovascular events (RR: 0.71; 95% CI: 0.60 to
0.84), 33% reduction in cardiovascular mortality (RR: 0.67; 95% CI: 0.45 to 0.98), 37%
reduction in heart failure (RR: 0.63; 95% CI: 0.43 to 0.99) among patients who received

intensive blood pressure lowering treatment compared to those who received standard
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blood pressure lowering treatment.2¢ Our result further quantified the predicted benefit of

intensive blood pressure control among stage 2 hypertension patients.

5.3 Benefit Comparison among Subgroups

Past study has evaluated the relationship between aging and hypertension related
CVD. It shows a significant increase in absolute risk with advancing age.2? Our analysis
results are consistent with their findings in that older people had higher PAR and tended to
benefit more through blood pressure control than younger people. A potential reason for
this observation is that the average SBP for older people was significantly higher than that
for younger people. Therefore, when controlling blood pressure to lower targets (140/90
mmHg or 130/80 mmHg), blood pressure of the older population decreased more than that
of the younger population, which would result in more reduction in FRS and predicted
preventable events.

As for risk categories, like the results presented by Muntner et al., our analysis
indicates the highest PAR appears in FRS > 20% subgroup, which means that people in the
Framingham high-risk group would benefit more than those in the Framingham low-risk
group. However, when we categorized the study population into two risk categories (high-
risk versus low-risk) based on comorbidities and risk factors, it was the comorbidity low-
risk subgroup, in which people had less than two cardiovascular risk factors and no CVD
comorbidities, that would benefit more by achieving a lower blood pressure target. As
people in the high-risk subgroup had more comorbidities than the low-risk subgroup,
lowering blood pressure alone in the high-risk subgroup might not reduce CVD risk as

effectively as in the low-risk subgroup. This is consistent with previous studies which
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focused on effects of lowering blood pressure in population with cardiovascular
comorbidities.28-30 Two meta-analyses have found limited evidence of reduction difference
in the number of CVD events under blood pressure control in individuals with versus
without cardiovascular comorbidities including diabetes and chronic kidney disease. In
order to effectively reduce CVD risk, it is necessary to initiate combination therapy in
population with CVD comorbidities.3! For example, in serious CKD patients, medication of
ACE inhibitors or ARBs are recommended; in diabetes patients, all first-line classes of
antihypertensive medication are effective, and ACE inhibitors or ARBs are recommended in

the presence of albuminuria.”

5.4 Risk Score Algorithm

Our study used D’Agostino 2008 Framingham Risk Score as the major algorithm for
prediction. This sex-specific multivariable risk factor algorithm estimates the 10-year risk
CVD events including coronary heart disease, cerebrovascular events, peripheral artery
disease, and heart failure.1” There are also other algorithms predicting heart disease
endpoints. For example, 1998 Framingham Risk Score predicts coronary heart disease risk
in 10 years.34 Systematic Coronary Risk Evaluation (SCORE), which is based on European
Society of Cardiology, predicts 10-year risk for fatal atherosclerotic cardiovascular diseases
(ASCVD).35 The ASCVD Pooled Cohort Risk Equations predict 10-year ASCVD events
including fatal and non-fatal myocardial infarction and stroke, but they apply to a narrower
age range compared to Framingham algorithm.36 QRISK, another CVD risk score similar to
Framingham Risk Score with prediction for all CVD endpoints, was developed to evaluate

CVD risk only for United Kingdom population.3” Atherosclerosis Risk in Communities
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(ARIC) Study developed equations to predict different CVD endpoints separately. The
endpoints include stroke, heart failure, coronary heart diseases. Similar to Pooled Cohort
Risk Equations, ARIC equations apply to a narrower age range compared to Framingham
algorithm.38 WHO/ISH Risk Prediction Chart predicts 10-year risk of a fatal or nonfatal
major cardiovascular event, such as stroke and myocardial infarction. The charts can be
used in countries of the specific WHO epidemiological sub-regions, but lack precision
compared to Framingham algorithm.3? After comparison, D’Agostino 2008 Framingham
Risk Score is the most comprehensive algorithm to estimate risk of all CVD endpoints for

the U.S population.

5.5 Limitations

There are several important limitations to be considered in this study. First, our
study result can only be generalized to the untreated stage 2 hypertension population who
aged 30-74 years old with no prior CVD events, which is only a small proportion of the U.S
population. Separate analyses are needed in order to understand the same issues among
“gray zone” patients and treated stage 2 hypertensive patients. Also, the study did not
predict recurrent CVD events because D'Agostino Framingham Heart Study risk prediction
algorithm is not applicable to people with previous CVD events.17 To our knowledge, there
are so far no algorithms to predict future CVD events in the population with previous CVD
events, even though we are aware that the risk of recurrent CVD event is high, especially
among people with comorbidities.3233 Second, the study result has relatively inadequate
precision. Due to the exclusion criteria, our final unweighted sample size was around 500,

which potentially decreases precision of the parameter estimates. Diabetes and obesity
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prevalence in our study population, especially in the younger and older age subgroups, are
not consistent with the general population, indicating the possibility of having a highly
selective sample in this study. Conclusions made from this study should be interpreted
with caution. Third, because blood pressures in NHANES were measured at MEC in a
medical setting, we are not able to eliminate the white coat effect and not able to diagnose
white coat hypertension and masked hypertension. Neither can we capture daily activity
effect and monitor nighttime blood pressure. Estimation based on NHANES data is an
oversimplification on the hypertension condition among our study sample. Fourth, clinical
tests of CVD risk factors were based on one-time measurement. It is possible to introduce
random errors into analysis. However, such errors won'’t significantly attenuate our study
results. Fifth, BP recording was not taken by the SPRINT technique. It was hard to directly
compare our study results to SPRINT results. Lastly, our study was based on prediction
model. All predicted numbers assumed that everyone’s blood pressure could be

successfully controlled to the targets in ideal scenario. In reality, this is hard to achieve.
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CHAPTER 6

CONCLUSION

Among untreated stage 2 hypertensive population, in an ideal scenario, if their
blood pressure could be controlled under 130/80 mmHg, around 385,000 CVD events
could be potentially prevented in 10 years, while controlling blood pressure under 140/90
mmHg can potentially prevent around 208,000 CVD events in 10 years. Based on
Framingham CVD risk prediction algorithm, it is predicted that controlling blood pressure
to a lower target nearly doubled the number of predicted preventable CVD events. This
estimation provided us a with better understanding of the implications of the 2017
ACC/AHA guideline and the importance of controlling blood pressure to the new target.
Older population, people with FRS > 20%, and people without CVD comorbidities or less
than two CVD risk factors would be the major beneficiaries of achieving a lower blood

pressure target.
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APPENDIX A

Flowchart of population inclusion and exclusion criteria

NHANES 2013-2016 Population
Aged 30-74 Years Old: 8380

|:> Excluding Participants with
Previous CVD Events: 850

Number of Participants
Remained: 7530

Excluding Participants with
Missing Data in Total
Cholesterol Level, HDL
|:> Cholesterol Level, Smoking
Status, Antihypertensive
Medication Record, BP
Measurements: 817

a4

Number of Participants
Remained: 6713

Number of Participants with
Stage 2 Hypertension: 1206

Number of Participants with
Untreated Stage 2 Hypertension:
527 (Final Study Population)
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APPENDIX B

The number of predicted preventable CVD events when controlling blood pressure

under 140/90 mmHg vs. under 130/80 mmHg stratified by age subgroup and gender
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The Number of Predicted Preventable CVD Events (in 1,000s)

in Men by Age Group
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Upper graph shows the number of predicted preventable CVD events for men. Lower graph shows the
number of predicted preventable CVD events for women. The blue bar represents blood pressure control
target of 140/90 mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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APPENDIX C

Population attributable risk when controlling blood pressure under 140/90 mmHg

vs. under 130/80 mmHg stratified by age subgroup and gender

Population Attributable Risk in Men by Age Group
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Upper graph shows PAR of men. Lower graph shows PAR of women. The blue bar represents blood pressure
control target of 140/90 mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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APPENDIX D

The number of predicted preventable CVD events when controlling blood pressure
under 140/90 mmHg vs. under 130/80 mmHg stratified by ethnic subgroup and

gender
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Upper graph shows the number of predicted preventable CVD events for men. Lower graph shows the
number of predicted preventable CVD events for women. The blue bar represents blood pressure control
target of 140/90 mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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APPENDIX E

Population attributable risk when controlling blood pressure under 140/90 mmHg

vs. under 130/80 mmHg stratified by ethnic subgroup and gender
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Upper graph shows PAR of men. Lower graph shows PAR of women. The blue bar represents blood pressure
control target of 140/90 mmHg. The orange bar represents blood pressure control target of 130/80 mmHg.
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