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Abstract

Background—Hypertension doubles coronary heart disease (CHD) risk. Treating hypertension

only reduces CHD risk ~25%. Treating hypercholesterolemia in hypertensive patients reduces

residual CHD risk >35%.

Methods and Results—To assess progress in concurrent hypertension and

hypercholesterolemia control, National Health and Nutrition Examination Surveys 1988–1994,

1999–2004, and 2005–2010 were analyzed. Hypertension was defined by blood pressure (BP)

≥140/≥90 mmHg, current medication treatment, and twice-told hypertension status; BP <140/<90

defined control. Hypercholesterolemia was defined by ATP III criteria based on 10-yr CHD risk,

low-density lipoprotein cholesterol (LDL-C) and non-high(H)DL-C; values below diagnostic

thresholds defined control. Across surveys, 60.7%–64.3% of hypertensives were

hypercholesterolemic. From 1988–1994 to 2005–2010, control of LDL-C rose (9.2% [6.6%–

11.9%] to 45.4% [42.6%–48.3%]), concomitant hypertension and LDL-C (5.0% [3.3%–6.7%] to

30.7% [27.9%–33.4%]) and combined hypertension, LDL-C, and non-HDL-C (1.8% [0.4%–3.2%]

to 26.9% [24.4%–29.5%]). By multivariable logistic regression, factors associated with

concomitant hypertension, LDL-C and non-HDL-C control (odds ratio [95% CI]) were statin (10.7

[8.1–14.3]) and antihypertensive (3.32 [2.45–4.50]) medications, age (0.77 [0.69–0.88/10-yr

increase), ≥2 healthcare visits/yr (1.96 [1.23–3.11]) black race (0.59 [0.44–0.80]), Hispanic

ethnicity (0.62 [0.43–0.90]), cardiovascular disease ([CVD] 0.44 [0.34–0.56]), and diabetes

mellitus (0.54 [0.42–0.70]).

Conclusions—Despite progress, opportunities for improving concomitant hypertension and

hypercholesterolemia control persist. Prescribing antihypertensive and anti-hyperlipidemic

medications to achieve treatment goals, especially for older, minority, diabetic and CVD patients,

and accessing healthcare at least biannually could improve concurrent risk factor control and CHD

prevention.
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Introduction

Hypertension affects roughly 30% of U.S. adults1 and approximately doubles coronary heart

disease (CHD) risk.2 Anti-hypertensive therapy reduces CHD about 25%.3 Epidemiological

data suggest that treating hypertension to lower goals would reduce residual CHD risk, but

clinical trials have not substantiated the prediction.4–7

Despite theoretical advantages, treating hypertension with medication classes other than

diuretics and beta-blockers has not consistently reduced CHD. ALLHAT did not show

differences in CHD outcomes between hypertensive patients treated initially with

chlorthalidone, a diuretic, lisinopril, an angiotensin converting enzyme inhibitor, or

amlodipine, a calcium antagonist.3,8 Doxazosin, an α1-antagonist, was stopped early for

worse outcomes, including 10% more CHD than chlorthalidone.9 CHD outcomes were not

significantly different among hypertensive patients randomized to losartan- vs atenolol-

based regimens (LIFE),10 amlodipine- vs. atenolol-based regimens (ASCOT)11, or

amlodipine- vs. valsartan-based regimens (VALUE).12 In ACCOMPLISH,13 hypertensive

patients randomized to combination therapy with benazepril-amlodipine had less CHD than

patients on benazepril-hydrochlorothiazide.

Treating hypercholesterolemia, which affects the majority of hypertensive patients, reduces

CHD. In AFCAPS/TexCAPS,14 lovastatin 20–40 mg/d lowered low-density lipoprotein

cholesterol (LDL–C) compared with placebo (156 vs. 115 mg/dL) and reduced CHD 38% in

hypertensive patients. In ASCOT,15 lowering LDL–C from 133 at baseline to 87 mg/dL in

hypertensive patients randomized to 10 mg atorvastatin daily reduced CHD 36% compared

with placebo-treated patients.

Healthy People 2020 aims to reduce CHD deaths 20%, while Million Hearts seeks to

prevent 1,000,000 heart attacks and strokes in the U.S. by 2017.16,17 Controlling both

hypertension and hypercholesterolemia are important in CHD prevention.14,15,18,19 Time

trends in concomitant control of hypertension and hypercholesterolemia and clinical

variables associated with dual control could guide healthcare policy and delivery to reduce

CHD risk and achieve national prevention goals. The current National Health and Nutrition

Examination Surveys (NHANES) analysis addresses this opportunity.

Methods

NHANES assess a representative sample of the U.S. civilian population.1 Our study

included adults ≥18 years old in NHANES III (1988–1994), 1999–2004, or 2005–2010.

Informed Consent for Human Studies

The study was approved by the institutional review committee of the National Center for

Health Statistics. All adults provided written consent to participate.
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Race/Ethnicity was determined by self-report and separated into non-Hispanic white

(white), non-Hispanic black (black), Hispanic ethnicity of any race and other.

Blood pressure (BP) was measured as described.1 Mean systolic and diastolic BP for

individuals was determined as recommended in NHANES reporting guidelines excluding

the first value in subjects with more than one value.1,20

Hypertension was defined as (i) mean systolic BP ≥140 and/or diastolic BP ≥90 mmHg (ii)

a positive response to the question, “Are you currently taking medication to lower your

BP?” (iii) by untreated individuals with BP <140/<90 reporting they were told twice they

had hypertension.21 Hypertension control for treated and untreated patients was defined as

BP <140/<90, although BP goals for patients with diabetes and/or chronic kidney disease

(CKD) were lower for 1999–2010.22,23 Evidence does not clearly support a more stringent

systolic BP goal than <140 for patients with diabetes and/or CKD.5–7,24,25 This study

focuses mainly on goal BP <140/<90 for all hypertensive individuals. Goal BP <130/<80 in

patients with diabetes and/or CKD is also reported.

Hypercholesterolemia was defined by low-density lipoprotein cholesterol (LDL–C) and

non-high-density lipoprotein cholesterol (non-HDL–C) values relative to 10-yr Framingham

CHD risk:26 LDL–C ≥100 mg/dL or non-HDL–C (total cholesterol–HDL) ≥130 mg/dL in

patients with diabetes or clinical cardiovascular disease (CHD risk equivalent) and others

with Framingham 10-yr CHD risk >20%; LDL–C ≥130 or non-HDL–C ≥160 in subjects

with 10-yr CHD risk 10–20% and subjects with 10-yr CHD risk <10% and at least two

major CHD risk factors; LDL–C ≥160 or non-HDL–C ≥190 in subjects with 10-yr CHD risk

<10% and at most one major risk factor. Hypercholesterolemia was also defined by

affirmative answer to the question “Are you now taking medication to lower your

cholesterol?” and positive match between medication(s) reported or brought to the

examination and known lipid lowering medication(s). Major CHD risk factors were defined

as described26 with one exception. Family history of premature CHD was defined as CHD

in first-degree relative before age 50 given limited documentation on family history of CHD

in NHANES.26,27 Cholesterol control was defined by values below diagnostic threshold.

Diabetes mellitus was defined by a positive response to the questions, “Have you ever been

told by a doctor that you have diabetes?”, and/or “Are you now taking insulin?”, and/or “Are

you now taking diabetic pills to lower your blood sugar?” Patients with only fasting plasma

glucose ≥126 mg/dL or glycosylated hemoglobin ≥6.5%, i.e. “undiagnosed diabetes”, were

not defined diabetic.28

Chronic kidney disease (CKD) was defined as estimated glomerular filtration rate (eGFR)

<60 mL/1.7m2/min and/or urine albumin:creatinine ≥300 mg/g. Serum creatinine values

were adjusted to facilitate eGFR comparisons across surveys.29

Medical visits were defined from responses to the question “How many times did you

receive health care over the last year?” Responses were classified into 3 categories: 0 to 1, 2

to 3, and ≥4 visits/year.29
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Uninsured status was defined by a negative answer to the question “Are you covered by

health insurance or some other kind of health care plan?”29

Cigarette smoker was defined if a patient answered “Every day” or “some days” to the

household question “Do you now smoke cigarettes”.29

Coronary heart disease (CHD) was defined by positive response to the question, “Has a

doctor ever told you that you had a heart attack,” and/or “Has a doctor ever told you that you

had coronary heart disease?” and/or angina by the Rose questionnaire.29 Stroke was defined

by positive response to the question, “Has a doctor ever told you that you had a stroke?”30

Congestive heart failure was determined by affirmative response to the question, “Has a

doctor ever told you that you had congestive heart failure?”31

Data analysis

Factors influencing analytic approach—For reasons noted, this report focuses mainly

on goal BP <140/<90 mmHg. Cholesterol control was based principally on NCEP/ATP III

goals.26 ATP III and ATP II (1993) goals for LDL-C in high risk patients were both <100

mg/dL.26,32 LDL–C goals from the first NCEP report (1988) where 30 mg/dL higher than

subsequent reports.33 Recent evidence indicates non-HDL-C is a better predictor than LDL–

C of CHD outcomes in statin-treated, although both are significant.34 Thus, non-HDL–C

control to ATP III goals is also reported, as most patients treated for hypercholesterolemia

reported taking statins. Given documented efficacy of treating LDL-C below ATP III for

reducing CHD,35,36 control rates are reported for optional LDL–C and non-HDL–C goals 30

mg/dL below ATP III.37 SAS version 9.3 (Cary, NC) was used for all analyses to account

for NHANES complex sampling design. Sampling weights were used to adjust for

oversampling of Hispanic and non-Hispanic black subjects and when combining two or

more 2-year cycles of the continuous NHANES. Statistical procedures PROC

SURVEYMEANS, and PROC SURVEYLOGISTIC (link function logit) provide estimates

for population mean, proportion, odds ratio and confidence intervals.

The Rao-Scott Chi-Square Test in the PROC SURVEYFREQ was used to test for

differences in categorical variables; the Wald F test in the PROC SURVEYREG was used to

test for differences in continuous variables within each survey. For categorical variables

with more than two subcategories, e.g., race/ethnicity and BMI, differences in the

distribution of subcategories between groups in Tables 1 and 2 were assessed within each

survey. However, differences between specific subcategories by race/ethnicity or BMI

between groups were not assessed. The Taylor series (linearization) method was used to

estimate sampling errors of estimators based on complex sample designs. For

subpopulations of interest, such as hypertensive adults with hypercholesterolemia, domain

analysis was used. Formation of subpopulations was unrelated to sample design, so domain

sample sizes were random variables. Domain analysis accounts for this variability by using

the entire sample in calculating variance of domain estimates. Pairwise comparisons

between the three NHANES periods were conducted with t-tests of weighted means. Given

the number of statistical comparisons, p-values ≤0.01 were accepted as statistically

significant. For the multivariable logistic regression analyses of factors associated with
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control of cholesterol alone and with BP, 95% confidence intervals that did not cross the line

of identity (1.0) were defined as statistically significant.

Results

The process for deriving the 17,062 hypertensive adults from NHANES is depicted in

Figure 1. The 7,080 patients with and the 9,982 without LDL-C values were separated.

Prevalent hypertension increased form 27.2% in 1988–1994 to 32.8% in 2005–2010. The

estimated number of hypertensive individuals in the U.S. rose from 49.8 million to 69.3

million (Table 1). Descriptive characteristics of hypertensive patients with and without

LDL–C in NHANES 1988–1994, 1999–2004, and 2005–2010 are provided. The two groups

did not differ by demographic characteristics, body mass index, annual healthcare visits, or

insurance status. Patients without LDL–C had higher BP and were less likely to have

hypertension controlled to <140/<90. Total and non-HDL–C were also higher in those

without LDL–C, although percentages of patients that reported taking lipid lowering

medications including statins were not different. Other risk factors including current smoker

status, CVD, and calculated 10-yr risk for CHD, excluding patients reclassified from <10%

to 10–20% based on two or more major CHD risk factors, were generally similar in the two

groups. Diabetes mellitus was more common in those without LDL in 1988–1994 and 1999–

2004 but not different in 2005–2010. Roughly five-eighths of hypertensive patients with an

LDL–C value were hypercholesterolemic by ATP III.26 Hypertensive patients with

hypercholesterolemia were older (Table 2), different by race-ethnicity, and less likely to be

lean, uninsured and to have 0–1 healthcare visits/yr. They were more likely to have ≥4

healthcare visits/yr and report taking BP medications. Hypercholesterolemic patients had

higher total cholesterol, triglycerides, LDL–C, and non-HDL–C and lower HDL–C. They

were more likely to have diabetes, CKD, CVD and 10-yr CHD risk >20% and less likely to

have 10-yr CHD risk <10%. Supplemental Table 1 provides data for patients with and

without hypercholesterolemia defined by optional LDL–C and non-HDL–C goals 30 mg/dL

below ATP III targets;37 75–78% of hypertensive patients were hypercholesterolemic by

optional targets.

Using data in Tables 1 and 2, Figure 2, and Supplemental Table 2, in hypertensive patients

with LDL-C, 53.5% were treated and 45.4% were controlled to their ATP-3 goal in 2005–

2010. Thus, 46.5% were uncontrolled including 8.1% who were treated, i.e., the majority

(0.465–0.081/0.465=0.826 or 82.6%) of uncontrolled hypercholesterolemia patients in

2005–2010 were untreated. In 2005–2010, ~54% of all hypertensive patients were controlled

to <140/<90 and 46% were uncontrolled. Approximately ~9.5% of all hypertensive patients

were twice told hypertensives with non-hypertensive BP on NHANES examination and

untreated, i.e., in absolute percentages 44.5% of controlled hypertensive patients were

treated and 9.5% untreated. With all hypertensive patients as the denominator, 66% were

treated and 44.5% were treated and controlled and 21.5% were treated and uncontrolled.

Since 24.5% of all uncontrolled hypertensive pateints were untreated and 21.5% were

treated, the majority of uncontrolled hypertensive patients are untreated (0.245/0.46=0.53 or

53%, which is similar to our previous report.29
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Hypertension, LDL–C and non-HDL–C control increased over time (Figure 2A, 2B; means

and p-values Supplemental Table 2). Concomitant control of hypertension to <140/<90 and

LDL-C to ATP III targets rose roughly six-fold 1988–1994 to 2005–2010; concomitant

control of hypertension, LDL–C, and non-HDL–C increased from 1.8% [0.4%–3.2%] in

1988–1994 to 26.9% [24.4%–29.5%] in 2005–2010 (Figure 2A). Concomitant hypertension

and hypercholesterolemia control was lower when more stringent BP goals were applied to

patients with diabetes and/or chronic kidney disease (Figure 2B).

Approximately 90% of patients without LDL–C had non-HDL–C values. Control of BP to

<140/<90 and non-HDL–C to ATP III targets are depicted in Figure 2C (data, p-values

Supplemental Table 2) for hypertensive patients with elevated non-HDL–C; among

hypertensive patients with and without LDL–C, the percentages with elevated non-HDL–C

in 1998–1994, 1999–2004, and 2005–2010 were 58.7%, 55.9% and 61.5% vs 57.1%, 59.2%,

67.4%, respectively. Control rates increased with time in both groups and were higher in

subjects with than without LDL–C except for non-HDL–C in 1988–1994.

Multiple logistic regression odds ratios for clinical factors independently associated with

LDL–C control alone and with non-HDL–C and hypertension for each NHANES time

period separately and all periods combined are provided in Figure 3. The multivariable odds

ratios and 95% confidence limits for all time periods combined are provided in Table 3 and

for the separate time periods in Supplemental Table 3. With all time periods together, the

strongest positive predictor of LDL–C control was statin therapy followed by non-statin

cholesterol therapy. The strongest negative predictors of LDL–C control were clinical

cardiovascular disease and diabetes. Male sex and older age were negatively associated with

LDL–C. The four negative predictors are associated with higher 10-yr CHD risk and lower

LDL–C treatment goals, which are more challenging to achieve. Higher HDL–C was

negatively associated with LDL–C control. Of note, when controlling for Framingham 10-yr

CHD risk, women were significantly less likely than men to obtain control of cholesterol

alone and together with BP. Framingham CHD risk was excluded from the final model,

since it includes several variables in the model, i.e., not independent. Figure 4 depicts 10-yr

CHD risk distribution in men and women and control of non-HDL–C to ATP III goals for

each CHD risk group; non-HDL–C was selected as ~95% of patients, while >50% had a

missing LDL–C values. Framingham risk scores were significantly skewed toward greater

risk in men than women in all three NHANES periods (4A). At 10-yr CHD risk >20%

women are less likely than men to control non-HDL–C to goal, whereas at 10-yr CHD risk

<10%, women are more likely to reach goal (4B). A similar pattern emerged for combined

BP and non-HDL-C control (4C).

When cholesterol (LDL–C alone and with non-HDL–C) and BP (goal <140/<90 for all

patients) were considered together, the positive predictors of concomitant control were

patient reported use of statin, non-statin cholesterol and antihypertensive medications.

Patients reporting 2–3 and ≥4 healthcare visits annually were more likely to achieve

concurrent lipid and BP control than individuals seen less frequently. Factors most

negatively associated with concurrent control included cardiovascular disease and diabetes.

Increasing age, black race, and Hispanic ethnicity were also associated with a reduced

likelihood of concurrent cholesterol and hypertension control.
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Supplemental Figures 1 (data Supplemental Table 4) and 2 (data Supplemental Table 5) are

identical to Figures 2 and 3 except LDL–C and non-HDL–C control reflect optional

targets.37 Among all adults and all men and all women without CHD risk equivalent

conditions and those with CHD risk equivalent conditions, 10-yr CHD risk shifted

significantly away from the highest risk (>20%) and toward the lowest risk (<10%)

categories for the entire group, and those with hypertension and hypercholesterolemia

(Supplemental Table 6). In all patients with CHD risk equivalent patients and those with

hypertension and hypercholesterolemia, the percentage with BP <140/<90 and non-HDL-C

<130 rose significantly over time.

Discussion

The principal finding of this report is that concomitant hypertension and

hypercholesterolemia control improved over time but remain low with fewer than one in

three patients attaining control of both risk factors (Figure 2, Supplemental Table 2).

Hypertension impacts about one in three U.S. adults (Table 1) or nearly 70 million people in

2005–2010, when untreated, twice-told hypertensive patients with non-hypertensive BP are

designated hypertensive.21,38 While fewer than half of hypertensive patients in NHANES

had an LDL–C value, ~60–65% of them were hypercholesterolemic when defined by ATP

III (Table 2).26 Hypertensive patients with and without LDL–C differed on several key

variables, i.e., extrapolation to all hypertensive patients is limited. However, nearly 95% of

hypertensive patients had non-HDL–C, and 64.7% of them, or roughly 42.5 million

individuals, were also hypercholesterolemic by ATP III criteria in 2005–2010, which is

similar to 64.3% hypercholesterolemic by LDL–C (Table 2). Hypertension approximately

doubles risk for CHD, yet treating hypertension reduces CHD risk only 20–25%.3 Treating

hypercholesterolemia in hypertensive patients reduces residual CHD risk 35–40%.14,15 The

data suggest that effective treatment of both hypertension and hypercholesterolemia would

reduce CHD 50% or more and decrease residual risk observed when only hypertension is

addressed.

Opportunities for clinically significant progress remain. Fewer than half of hypertensive

hypercholesterolemic patients in 2005–2010 had LDL–C controlled to ATP III targets, and

only ~30% had dual BP <140/<90 and LDL–C to target.26 The majority of patients with

uncontrolled hypertension29 and hypercholesterolemia are untreated (Results). Our analyses

suggest patients need to be seen at least biannually to improve likelihood of dual cholesterol

and hypertension control (Figure 3). This finding coincides with evidence that hypertensive

patients seen within the last six months were more likely to obtain BP control than patients

not seen in the previous six months.39

While treating BP to lower targets in hypertensive patients has not significantly reduced

clinical CHD to date,5–7 treating hypercholesterolemia to lower targets reduces

CHD.35–37,40 Of note, when optional goals for LDL–C, i.e., 30 mg/dL below ATP III targets

are considered, prevalent hypercholesterolemia rises to 76.6% and dual hypertension and

LDL–C control falls to 16.2% in 2005–2010 (Supplemental Table 1, Supplemental Figure

1A). This information is relevant to prevention goals as Healthy People 2020 aims to reduce

CHD 20%, and Million Hearts seeks to prevent 1,000,000 heart attacks and strokes by
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2017.16,17 Attaining these important national objectives would be facilitated by improving

concomitant control of hypertension to <140/<90 and hypercholesterolemia to lower

optional targets.35–37,40

Cardiovascular mortality declined 38% in the U.S. between 1995 and 2009.41 Better

hypertension and hypercholesterolemia control, documented in this report and elsewhere,

probably contributed to that decline.3,14–19,21,27 In fact, Framingham 10-year CHD risk

scores shifted toward lower risk among all adults combined and men and women separately

and for those with both hypertension and hypercholesterolemia. In CHD risk equivalent

patients with diabetes mellitus or cardiovascular disease for whom Framingham risk cannot

change, BP and cholesterol control improved over time (Supplemental Table 6).

LDL–C control among hypertensive hypercholesterolemic patients in our report is

marginally higher than for all hypercholesterolemic patients in NHANES of 4% in 1988–

1994 and 25% in 1999–2004.27 Total and non-HDL–C declined over time in

hypercholesterolemic patients with and without LDL–C, consistent with secular trends.42

Cholesterol did not decline temporally in non-hypercholesterolemic hypertensive patients.

Our analysis does not elucidate this discrepancy.

Cause and effect cannot be determined from logistic regression analyses. Nevertheless,

clinical variables independently associated with concomitant hypercholesterolemia and

hypertension control may inform healthcare policy and resource allocation to improve

outcomes. In addition to insuring healthcare visits at least biannually,39 appropriate

prescribing of medications to lower BP and cholesterol to goal could also improve control.

The latter measures are especially important for older, African American and Hispanic

patients and those with diabetes or cardiovascular disease who are less likely to attain dual

control than comparator groups (Figure 3). Women at high CHD risk could also benefit from

greater attention to cholesterol control (Figure 4). Women and African Americans as a group

have higher HDL–C than white men. LDL–C control was inversely associated with HDL–C

raising the possibility clinicians are less likely to treat cholesterol to goal when HDL–C

values are higher. However, HDL–C may be less protective in subjects at high CHD risk.43

Treating LDL– and non-HDL–C to goal irrespective of HDL–C appears important in CHD

outcomes.34

This analysis has limitations. Treatment goals for hypercholesterolemia were less stringent

in 1988–1994 and comparisons with later time periods are illustrative and not intended to

reflect care quality.26,32,33 Our NHANES analyses generate higher hypertension control

rates than other reports,44,45 which would raise estimates of concomitant hypertension and

hypercholesterolemia control. We focused on BP goal <140/<90 for all patients, given an

absence of compelling data that a lower BP target significantly reduces CHD in patients

with major comorbidities.5–7 Even when lower BP goals for patients with diabetes and CKD

are evaluated, our analyses show higher control rates than other reports.44,45 We excluded

the initial BP in calculating mean systolic and diastolic BP as recommended in NHANES

guidelines.1,21,29 The initial BP is generally higher and leads to lower BP control rates when

included in the mean.46 Our report also includes as hypertensive individuals twice told they

were hypertensive with a non-hypertensive BP similar to other publications.21,38,47
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Including these individuals also raises BP control rates. Treating BP to lower goals and with

medications other than diuretics and β-blockers has not consistently reduced CHD, but

stroke and/or cardiovascular disease declined.5,8,10,11

In summary, various strategies to reduce residual CHD risk in hypertensive patients included

treating BP to lower goals5–7 and using different classes of antihypertensive medications8–12

with limited impact. However, treating moderate cholesterol elevations with low-dose

statins reduced CHD 35–40%.14,15 Larger reductions of LDL-C decrease CHD

more,18,19,35–37, 40 which supports lower optional targets.37 More than three-fourths of

hypertensive patients were hypercholesterolemic and fewer than 20% controlled in 2005–

2010 based on lower optional targets. Significant opportunities remain for attaining national

CHD prevention goals by improving concomitant hypertension and hypercholesterolemia

control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective Summary

Hypertension affects 70 million U.S. adults and doubles coronary heart disease (CHD)

risk. Antihypertensive pharmacotherapy reduces CHD risk ~20–25%. Strategies to

reduce residual CHD risk included treating blood pressure (BP) to lower goals and using

different antihypertensive medication classes with limited success. Treating

hypercholesterolemia in hypertensive patients reduces residual CHD risk >35%. To

facilitate progress in reducing CHD risk, concurrent BP and cholesterol control and

factors associated with concomitant control were assessed using National Health and

Nutrition Examination Survey data. Approximately 5 in 8 hypertensive patients had high

cholesterol (C). Between 1988–1994 and 2005–2010, control of LDL-C increased from

9% to 45%, concurrent LDL-C and BP control rose from 5% to 31%, and triple control of

LDL-C, non-HDL-C and BP improved from 2% to 27%. Patients who received

infrequent healthcare or who were older, black or Hispanic, or who had diabetes mellitus

or cardiovascular disease were less likely to achieve concurrent BP and cholesterol

control. Among CHD risk equivalent patients, women were less likely to attain dual

control than men. Patients receiving antihypertensive medications and statins were more

likely to attain dual control. Strategies to improve concomitant control of BP and

cholesterol could include: (1) more frequent healthcare visits for patients seen

infrequently (2) prescribing BP and statin medications to treat BP and cholesterol to goal,

especially for patient groups less likely to attain concurrent risk factor control. Policies

and programs addressing these opportunities could facilitate progress toward Healthy

People 2020 and Millions Hearts CHD prevention goals.
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Figure 1.
The flow diagram depicts the process for deriving the subject sample for the present analysis

of the NHANES database for 1988–1994 and 1999–2010 subdivided into 1999–2004 and

2005–2010.
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Figure 2.
Hypertension and hypercholesterolemia control (mean, standard error) (A) ATPIII

cholesterol goals, BP <140/<90, (B) Same as A except BP <130/<80 for diabetes/CKD, (C)

Control BP <140/<90 and non-HDL-C (ATPIII goals) in patients with and without LDL-C.

All comparisons between time periods are significant at p<0.01 except hypertension control

between 1988–1994 and 1999–2004 in 2A, 2B, and 2C (Htn with LDL [mean values for risk

factor control and p-values are provided in Supplemental Table 2]).
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Figure 3.
Multivariable odds ratios and 95% CI are depicted for clinical variables independently

associated with control of LDL-C alone and with BP and non-HDL-C for three NHANES

periods separately and combined. 95% CIs not crossing the line of identity (1.0) are

significant.
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Figure 4.
Hypertension and hypercholesterolemia control in men and women by Framingham 10-yr

CHD risk score categories (FRS) (mean, standard error) (A) FRS categories by sex in

NHANES 1999–2004 and 2005–2010 (B) Non-HDL-C control (ATP III goals) in men and

women by FRS (C) BP <140/<90 and non-HDL-C control in men and women by FRS

categories. *p<0.01 for distribution across FRS categories in men vs women; †p<0.01 men

vs. women within FRS category.
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