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Understanding the impact of patient factors on
blood pressure (BP) management is an important
step to developing interventions to improve cardio-
vascular bealth. The National Health and Nutrition
Examination Survey (NHANES) 1999-2002 was
used to identify predictors of hypertension aware-
ness, treatment, and control. An estimated 63.3
million (31.0%) US adults currently have BP
exceeding 140/90 mm Hg, and prevalence is higher
for blacks than for other raciallethnic subgroups.
Among antibypertensive medication—treated
patients, 51.3% are controlled. Treated blacks and
Mexican Americans have the lowest rates of BP
control. Mexican Americans are 0.62 times as likely
to be aware and 0.61 times as likely to be treated as
white persons with bypertension. Compared with
whites, treated Mexican Americans are 0.71 times
as likely and treated blacks 0.59 times as likely to
achieve BP control. Hypertension treatment and BP
control in the United States remain suboptimal, and
significant raciallethnic disparities persist. Effective
interventions targeting Mexican Americans and
blacks as well as whites are essential to improv-

ing hypertension management. (] Clin Hypertens.
2007;9:345-354) ©2007 Le Jacq
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he level of blood pressure (BP) is an important

indicator of cardiovascular (CV) health. A BP
exceeding 140/90 mm Hg has been used to indicate
the presence of hypertension, although it has been
realized for years that there is no threshold for the
determination of CV risk. Several recent reports
have documented that the prevalence of persons
in the United States with BP exceeding 140/90 mm
Hg is on the rise.!~> Hypertension prevalence esti-
mates have increased from 25.0% in 1991-19942
to 31.3% for 1999-2000.! (Part of this increase
may be the result of redefining the level of BP that
defines hypertension, especially in the elderly.)
During 1999-2000, only 58% of persons with BPs
exceeding 140/90 mm Hg were treated pharma-
cologically.? While BP control in treated patients
has improved, from 47% in 1988-1991 to 53.1%
in 1999-2000,% the objective should be to treat
all patients to BP goal. An estimated 31% of all
US hypertensive persons are controlled to BP of
<140/90 mm Hg.?

Improving hypertension control rates requires
an understanding of barriers to control. Analysis
of the National Health and Nutrition Examination
Survey (NHANES) 1999-2002 found a prevalence
of hypertension of 41.4% in blacks compared
with 28.1% in whites, and although treatment and
awareness rates were higher among blacks, control
rates were higher in treated whites (59.7%) than
blacks (48.9%).* Analysis of NHANES 1999-
2000 found that, compared with whites, Mexican
Americans were less likely to receive antihyper-
tensive medication, and both treated blacks and
Mexican Americans had lower BP control rates.?
Patient racial, ethnic, and socioeconomic charac-
teristics can impact health care access; Hispanics
are less likely to have a regular health care provider
and health insurance than blacks or whites,> and
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hypertensive blacks are less likely to have health
insurance compared with whites.*

Clinical trials have demonstrated the benefits of
antihypertensive therapy on CV disease morbidity
and mortality.>” Annual direct medical expendi-
tures for uncontrolled hypertension in the United
States are estimated at $964 million, and among
pharmacologically treated patients with CV dis-
ease, the estimated incremental cost of failure to
achieve a BP goal is $467 million.® It is now rec-
ognized that even lower BPs are optimal and that
BPs exceeding 140/90 mm Hg represent advanced
disease’; a recent trial found that BP increases in
patients with prehypertension may be prevented by
early pharmacologic treatment.!”

We used NHANES 1999-2002 to describe the
effect of patient characteristics on BP management
in the United States. Hypertension awareness, treat-
ment, and control rates were assessed overall and for
racial/ethnic subgroups. This study updates the cur-
rent literature by using the most recent US epidemio-
logic data, NHANES 1999-2002, to illustrate racial/
ethnic disparities in hypertension management.

METHODS

Eligibility Criteria

This cross-sectional study used data from NHANES,
an ongoing stratified multistage probability sample
of the noninstitutionalized US population conduct-
ed by the National Center for Health Statistics.!-12
Data from the 1999-2002 surveys were used for
this analysis. Respondents 18 years and older who
participated in the interview and medical examina-
tion (N=19,759) were eligible.

Persons with hypertension were identified if at
least 1 of these criteria were met: (1) systolic BP (SBP)
at least 140 mm Hg or diastolic BP (DBP) at least
90 mm Hg; (2) subject reported current use of an
antihypertensive medication; or (3) the subject had
been told by a doctor or health professional on 2 or
more different visits that he/she had hypertension.
The average of all available BP measurements from
the medical examination data was used for analysis.
Pregnant women were excluded from the analysis.

Study Definitions

Body mass index was calculated as weight in kilo-
grams divided by the square of height in meters.!314
Subjects were considered to be aware of their
hypertensive status if they answered “yes” to the
question: “Have you ever been told by a doctor or
health care professional that you had hypertension,
also called high blood pressure?” Subjects were
considered to be treated if they answered “yes” to
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the question: “Because of your high blood pres-
sure/hypertension are you now taking prescribed
medicine?” BP control was defined in nondiabetic
subjects who were medically treated as SBP <140
mm Hg and DBP <90 mm Hg; for diabetic subjects,
control was defined as SBP <130 mm Hg and DBP
<80 mm Hg. Presence of diabetes was determined as
either self-reported current use of insulin and/or oral
hypoglycemic agents and/or if the subject responded
“yes” to the question, “Have you ever been told by
a doctor or other health professional that you have
diabetes (also known as “sugar diabetes”)?”

Data Analysis

Participants were categorized by self-report of
race/ethnicity as non-Hispanic white, non-Hispanic
black, Mexican American, other Hispanic (non-
Mexican American), and all others. While descrip-
tive results (Table I) are presented for all racial/
ethnic subgroups, statistical comparisons were not
performed for the “all other” subgroup, due to the
many different racial/ethnic backgrounds consti-
tuting this subgroup.

The combined NHANES was weighted to cal-
culate age-specific hypertension prevalence, and
projected rates of control, awareness, and treat-
ment of hypertension in the US population, using
the adjusted sampling weights for the aggregated
4-year data.!® The percentage (and SE) of persons
in each group relative to ethnic/racial group was
calculated using sample weights. The prevalence of
hypertension for the US population was estimated
after adjusting for population age using the stan-
dard 2000 noninstitutionalized US population.

Differences among race/ethnic groups were com-
pared using the chi-square test. Logistic regression
was used to estimate odd ratios and their 95%
confidence intervals (CIs) for the association of
hypertension awareness, treatment, control, and
race/ethnicity while controlling for subject demo-
graphics (age, sex, income, health insurance status)
and comorbid conditions (obesity class, renal insuf-
ficiency, heart disease, stroke). Study analyses were
performed using SAS 9.1 (SAS Institute, Inc, Cary,
NC) and SUDAAN (RTI International, Research
Triangle Park, NC) statistical software.'®1”

RESULTS

Currently 63.3 million persons in the United States
are estimated to have BPs exceeding 140/90 mm
Hg, an age-adjusted prevalence of 31.0%. The
adult hypertensive population identified using
NHANES 1999-2002 (N=3546) is described in
Table I. Age-adjusted prevalence of hypertension
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Figure 1. Proportion of awareness, treatment, and controlled blood pressure in treated hypertensive patients. Control is defined
as blood pressure <140/90 mm Hg for nondiabetic persons and <130/80 mm Hg for persons wth diabetes.

is highest in blacks (41.8%), followed by whites
(29.8%), other Hispanics (29.3%), and Mexican
Americans (28.2%). Age-adjusted hypertension
prevalence in whites is similar for men and women;
in all other racial/ethnic subgroups, small differenc-
es were seen, with more women than men having
hypertension. Hypertensive Mexican Americans are
younger (mean age, 51.1 years) than whites (59.5
years), other Hispanics (56.1 years), or blacks (52.9
years). Among hypertensive persons, blacks are
more likely than other racial/ethnic subgroups to be
obese, while whites are less likely to be smokers.

Among hypertensive persons, whites are more
likely than other racial/ethnic subgroups to
have health insurance (Table II), while Mexican
Americans are least likely to report a routine health
care site and most likely to report no health care
visits within the past year. Among hypertensive
individuals, prevalence of diabetes is lower for
whites than for other racial/ethnic subgroups.
Mean BP for persons with hypertension is 141/76
mm Hg (Table II). Mean BP is lowest for whites
compared with other racial/ethnic subgroups and
highest for blacks.

More than half (52.6%) of hypertensive adults
are currently receiving antihypertensive medica-
tion. Among medication users, mean BP is 137/73
mm Hg. Trends for treated hypertensive patients
by race/ethnicity are similar to those for all hyper-
tensive subjects, as among treated patients, whites
have the lowest mean BP (137/72 mm Hg), while
blacks have the highest (141/77 mm Hg).

THE JOURNAL OF CLINICAL HYPERTENSION

Overall, 70.6% of hypertensive persons in the
United States are aware that they have hyperten-
sion (Figure 1). Mexican Americans are least likely
to be aware of their hypertensive status. Across all
racial/ethnic subgroups, age and sex play a signifi-
cant role in awareness rates; hypertensive persons
aged 18 to 39 are less likely to be aware than other
age groups, as are men compared with women
(Table TII). This difference is most pronounced in
Mexican Americans, as only 52.8% of Mexican
American men are aware of their hypertensive sta-
tus compared with 70.9% of women.

While 52.6% of hypertensive individuals are
treated, treatment rates between racial/ethnic sub-
groups vary, as only 36.1% of Mexican Americans
are receiving medication (Figure 1), compared with
51.2% of other Hispanics, 55.1% of whites, and
60.9% of blacks. Persons aged 18 to 39 are less likely
to be treated than those 40 years and older (Table III);
fewer than 1 in 5 hypertensive persons aged 18 to 39
are receiving antihypertensive medication, although
63.6% of persons aged 18 to 39 reported hyperten-
sion awareness. Overall, women (57.8%) are more
likely to be treated than men (50.7%). While white
women are slightly more likely to be treated than
white men, the difference between the sexes is more
pronounced for other racial/ethnic subgroups: 51.7%
of black men vs 67.8% of black women, 38.0% of
other Hispanic men vs 60.2% of women, and 29.1%
of Mexican American men vs 43.1% of women.

Among treated persons, 51.3% are controlled
to SBP less than 140 mm Hg and DBP less than 90
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Figure 2. Proportion of awareness, treatment, and controlled blood pressure in treated diabetic hypertensive patients.
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Control is defined as blood pressure <130/80 mm Hg.

mm Hg; blacks (45.0%) and Mexican Americans
(45.7%) have the lowest rates of BP control
(Figure 1). Control rates among treated patients
decrease with age (Table III). Overall, treated
men are more likely to be controlled (59.8%)
than women (50.0%). Treated Mexican American
women (51.4%) are much more likely than men
(37.3%) to have their BP controlled. For all other
racial/ethnic subgroups, control rates were higher
in treated men than women (Table III).
Approximately 15.3% of US hypertensive persons
have diabetes. Mean BP (140/71 mm Hg) is slightly
lower in this subgroup than all hypertensive individu-
als (141/76 mm Hg) (Table II). Treatment, awareness,
and control rates are shown in Figure 2. Overall,
81.0% of hypertensive diabetic subjects are aware of
their hypertensive status; awareness rates are highest
for blacks compared with other subgroups. Among
hypertensive diabetic individuals, 74.7% are using
antihypertensive medication; hypertension treatment
rates in this subset are significantly lower for Mexican
Americans (64.4%) compared with blacks (81.3%;
P=.019). Fewer than one third (32.5%) of hyperten-
sive diabetic patients using antihypertensive medica-
tion have their BP controlled at less than 130/80 mm
Hg, a definition that has been used only for the past
several years. A sensitivity analysis using the older,
less restrictive definition of BP control in patients
with diabetes found that 51.7% of hypertensive dia-
betic patients receiving antihypertensive medication
had BP less than 140/90 mm Hg. BP control rates for
treated hypertensive diabetic patients are highest for
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whites compared with blacks or Mexican Americans;
approximately 1 in 4 black or Mexican American
persons with hypertension and diabetes receiving
antihypertensive medication have controlled BP.

Odds ratios (ORs) for hypertension awareness,
treatment, and BP control are shown in Table IV.
Mexican Americans with hypertension are 0.62
(95% CI, 0.47-0.82) times as likely as whites to be
aware of their hypertensive status. Blacks are 1.38
(95% CI, 1.12-1.72) times as likely to be treated than
whites, while Mexican Americans are 0.61 (95% CI,
0.46-0.80) times as likely to be treated. Among treat-
ed hypertensive patients, blacks (OR, 0.59; 95% CI,
0.44-0.78) and Mexican Americans (OR, 0.71; 95%
CI, 0.50-1.00) are less likely to be controlled com-
pared with whites. Persons aged 40 to 54 are 1.51
(95% CI, 1.04-2.21) times as likely than those aged
18 to 39 to be aware of their hypertensive status,
and women are 1.42 (95% CI, 1.07-1.88) times as
likely to be aware than men. Women are 1.28 (95%
CI, 1.04-1.58) times as likely to be treated than men,
and persons with health insurance are 2.86 (95% CI,
1.87-4.36) times as likely to be treated than those
without, and are 1.87 (95% CI, 1.07-3.28) times as
likely to achieve BP control. Controlling for covari-
ates, sex is a significant predictor of both awareness
and treatment; however, treated men and women are
equally likely to achieve BP control.

DISCUSSION

An estimated 63.3 million (31.4%) US adults have
BPs exceeding 140/90 mm Hg. This estimate is
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Table IV. ORs of Awareness, Treatment, and Controlled Blood Pressure in Treated Hypertensive Patients*
AWARENESS TREATMENT CONTROLLED BLOOD PRESSURE
ArL HYPERTENSIVE ArLL HYPERTENSIVE TREATED HYPERTENSIVE

SampLE Parients, OR (95% CI) SUBJECTS PatieNTS Parientst
Race/ethnicity

Non-Hispanic white 1 1 1

Non-Hispanic black 1.07 (0.80—1.42) 1.38 (1.12-1.72) 0.59 (0.44-0.78)

Mexican American 0.62 (0.47-0.82) 0.61 (0.46-0.80) 0.71 (0.50-1.00)

Non-Mexican American Hispanic 0.89 (0.48-1.66) 1.01 (0.55-1.84) 0.84 (0.40-1.74)
Age, y

18-39 1 1 1

40-54 1.51 (1.04-2.21) 3.64 (2.55-5.21) 1.31 (0.61-2.82)

55-64 1.48 (0.98-2.23) 6.40 (4.65-8.81) 0.87 (0.40-1.92)

65-74 1.17 (0.82-1.66) 5.21 (3.62-7.49) 0.67 (0.29-1.54)

275 0.88 (0.58-1.35) 4.73 (3.29-6.80) 0.37 (0.15-0.89)
Sex

Male 1 1 1

Female 1.42 (1.07-1.88) 1.28 (1.04-1.58) 0.80 (0.61-1.05)
Health insurance

No 1 1 1

Yes 1.28 (0.96-1.71) 2.86 (1.87-4.36) 1.87 (1.07-3.28)
Presence of diabetes 1.61 (1.24-2.09) 2.00 (1.48-2.72) 0.81 (0.60-1.09)
*Odds ratios (ORs) calculated using logistic regression adjusting for variables listed in addition to body mass index, household
income, and presence of renal insufficiency, heart disease, and history of stroke. tTreated hypertensive patients were those who were
currently taking antihypertensive medication. CI indicates confidence interval.

higher than a recent NHANES 1999-2002 publi-
cation by the Centers for Disease Control (CDC),
which estimated prevalence at 28.6%,3 and higher
than NHANES 1999-2000 reports, which estimat-
ed that 58.4 million (28.7%) had hypertension.?
While the current study included persons who
reported being told of hypertensive status at least
2 times by a health care professional, in addition to
those who had SBP at least 140 mm Hg or DBP at
least 90 mm Hg, or reported use of antihyperten-
sive medication, the CDC estimate excluded people
who were identified as hypertensive only by being
told by a health care professional. Our definition
of hypertension mirrors that of Fields et al,! who
estimated hypertension prevalence using NHANES
1999-2000 at 31.3%. We recognize that the
definition of hypertension is evolving” and future
analyses must consider new definitions.

Based on NHANES 1999-2002 data, 53.4% of
treated hypertensive persons are controlled to BP
less than 140/90 mm Hg, compared with 53.1%
from NHANES 1999-2000 data, and 43.6% for
NHANES 1991-1994.2 Despite an increase in con-
trol rates among treated hypertensive persons in
1999-2002 compared with prior years, almost half
of Americans using antihypertensive medication
have a BP exceeding 140/90 mm Hg. Significant
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disparities in awareness, treatment, and control
rates are evident among racial/ethnic subgroups
(Figure 1), with implications for future strategies
for the management of elevated BPs.

Awareness

Awareness rates are similar for blacks and whites
with hypertension, but Mexican Americans are
less likely to be aware of their hypertensive status
than whites or blacks. The reasons for the lack
of awareness among Mexican Americans are not
apparent from our data but may reflect access
to health care. Also, there have been many more
initiatives related to hypertension that target the
African American population.

Treatment and Control of BP

Blacks are more likely than whites to be treated.
Mexican Americans stand out as a group that is
not receiving treatment for increased BP similar to
other racial/ethnic groups, and, among Mexican
Americans, men are less likely to be aware or
treated. Compared with whites, treated hyper-
tensive blacks and Mexican Americans are less
likely to achieve BP control. Although the propor-
tion of treated Mexican Americans who achieve
BP of <140/90 mm Hg (45.7%) is similar to the
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proportion of blacks (45.0%), this study suggests
that the underlying causes of BP control disparities
may be different for Mexican Americans compared
with blacks. Further, treated men were less likely
to reach goal than women, a finding unique to
Mexican Americans; in other racial/ethnic sub-
groups, treated men had a higher rate of BP goal
attainment. Furthermore, in multivariate analyses
controlling for race/ethnicity, sex is a significant
predictor of both awareness and treatment but
not of BP control. Finally, rates of awareness,
treatment, and control were similar for other
(non—Mexican American) Hispanics to that of
white persons with hypertension.

Sex

Sex had a considerable influence within racial/eth-
nic subgroups, especially in hypertensive Mexican
Americans. BP control rates reported by Hajjar
and Kotchen? using NHANES 1999-2000 for
treated blacks, whites, and Mexican Americans are
similar to our study’s findings. Hajjar and Kotchen
also concluded that women had significantly lower
rates of BP control. Although Hajjar and Kotchen
attempted to examine the interaction of race/eth-
nicity and sex on BP control, the sample size of
NHANES 1999-2000 was insufficient.”> Hertz et
al,* using NHANES 1999-2002 data, reported
that among blacks and whites, women were more
likely not to achieve goal BP. While their analysis
excluded Hispanics, our results suggest that among
all treated hypertensive persons, sex is not a signifi-
cant predictor of BP control when controlling for
other covariates. The difference between our study
and that of Hertz et al may be due to the disparate
sex effect in Mexican Americans compared with
other racial/ethnic subgroups. Future studies of BP
control should consider that race/ethnicity and sex
may be mitigating factors.

Implications for Therapy

Our findings have implications for interventions
targeted at lowering BP. Consistent with other
studies, we found that Mexican Americans are less
likely than blacks or whites to have health insur-
ance or to have a routine care site, and are more
likely to report no health care visits over the past
year. Our study indicates that Mexican Americans
are less likely to be aware or treated than other
racial/ethnic subgroups. Individuals with health
insurance are 2.9 times as likely to be treated than
those without, and among the treated US hyperten-
sive population, are 1.9 times as likely to achieve
BP control. These considerations are important
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regarding the current national debate over health
care delivery. Differences between whites and
both blacks and Mexican Americans persisted,
however, while controlling for insurance status,
indicating that this does not fully explain differ-
ences in awareness, treatment, or control. Other
studies have similarly found that lack of health
insurance cannot fully explain BP disparities.*!8
Taken together, these findings suggest that strate-
gies targeting access to health care may impact BP
control, but successful interventions may be related
to other factors.

BP Lowering Among Treated Patients

This study found that only 51% of treated patients
in the United States have their BP controlled to a
level of <140/90 mm Hg. Clinical recommenda-
tions based, in part, on evidence from randomized
trials are often not achieved in usual practice.
Many factors may contribute to unsatisfactory BP
control in treated patients, including inadequate
prescribing and medication adherence. Suboptimal
patient adherence and persistence with antihy-
pertensive medication has been documented.!'%2°
Healthy People 2010%' stresses that improving
adherence to antihypertensive therapy is an impor-
tant public health issue. Failure to intensify therapy
despite elevated BP plays a role. Despite evidence
that elevated SBP poses greater CV risk than DBP
in persons older than 50 years,” one study found
that when a patient had a DPB >90 mm Hg, phy-
sicians intensified antihypertensive therapy only
24% of the time; when SPB was >140 mm Hg and
DPB <90 mm Hg, physicians intensified therapy
during only 4% of visits.??

Study Limitations
Some study limitations should be considered. We
used the mean of all available BP measurements
obtained during a single visit for NHANES partici-
pants to identify hypertensive subjects, although
guidelines state that BP readings from at least 2 vis-
its on different dates should be used for hyperten-
sion diagnosis.® Many study variables, including
comorbid conditions and antihypertensive medi-
cation use, were self-reported. As NHANES does
not ascertain specific medications used, classes of
medications used may have differed by race/ethnic-
ity, potentially influencing control rates.
Interventions targeted to blacks and Mexican
Americans as well as to the white population are
essential. Consistent with prior NHANES analy-
ses, blacks continue to have the highest hyper-
tension prevalence of all racial/ethnic subgroups.?
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Interventions aimed at improving BP control rates
in the US Mexican American population may be
especially important due to the growing size of this
population. While Hispanics constituted 12.6% of
the US population in 2000, census data estimate that
by 2050, almost 1 in 4 will be of Hispanic origin.??

CONCLUSIONS

Eliminating racial/ethnic inequities in hypertension
management, and thus CV disease with its asso-
ciated morbidity and mortality, is an important
public health issue. One goal of Healthy People
2010 is to eliminate health disparities among spe-
cific population segments, including race/ethnic
subgroups.?! This study found that blacks and
Mexican Americans in the United States are less
likely to achieve BP control compared with whites.
Disparities highlighted in this study specific to
hypertensive blacks and Mexican Americans, and
an effect of sex within racial/ethnic subgroups, sug-
gest that to achieve this goal, public health initia-
tives must include targeted interventions.
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