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Abstract—Detection of hypertension and blood pressure control are critically important for reducing the risk of heart
attacks and strokes. We analyzed the trends in the prevalence, awareness, treatment, and control of hypertension in the
United States in the period 1999-2004. We used the National Health and Nutrition Examination Survey 1999-2004
database. Blood pressure information on 14 653 individuals (4749 in 1999-2000, 5032 in 2001-2002, and 4872 in
2003-2004) aged =18 years was used. Hypertension was defined as blood pressure =140/90 mm Hg or taking
antihypertensive medications. The prevalence of hypertension in 2003-2004 was 7.3+0.9%, 32.6+2.0%, and
66.3+1.8% in the 18 to 39, 40 to 59, and =60 age groups, respectively. The overall prevalence was 29.3%. When
compared with 1999-2000, there were nonsignificant increases in the overall prevalence, awareness, and treatment rates
of hypertension. The blood pressure control rate was 29.2+2.3% in 1999-2000 and 36.82.3% in 2003-2004. The
age-adjusted increase in control rate was 8.1% (95% CI: 2.4 to 13.8%; P=0.006). The control rates increased
significantly in both sexes, non-Hispanic blacks, and Mexican Americans. Among the =60 age group, the awareness,
treatment, and control rates of hypertension had all increased significantly (P=0.01). The improvement in blood
pressure control is encouraging, although the prevalence of hypertension has not declined. (Hypertension. 2007;
49:69-75.)
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ypertension affects =65 million adult Americans' and is

a major risk factor for myocardial infarction, stroke,
heart failure, and renal failure. The control of blood pressure
(BP) is crucial in the prevention of these adverse outcomes.
However, hypertension can be asymptomatic, so many people
with hypertension do not see a doctor. The detection and
control of BP is, thus, a major public health challenge in the
United States. The National Health and Nutrition Examina-
tion Survey (NHANES)? is a large health and nutritional
survey of the civilian noninstitutionalized population of the
United States and is very useful for monitoring trends in the
health status of the population that arise as a result of public
health measures or changes in clinical practice. In NHANES
1999-2000, 28.7% of people had hypertension. A total of
68.9% of people with hypertension were aware of the
diagnosis, 58.4% received treatment, and only in 31.0% was
the BP controlled.®> We reported previously a nonsignificant
trend of improvement in the BP control rate among people
with hypertension in the period 1999-2002.4 Moreover, the
BP goal for hypertensive patients with diabetes has changed
from 130/85 mm Hg to 130/80 mm Hg.> Data from the
NHANES study conducted in 2003-2004 have recently
become available. Here, we analyzed the trends in the
prevalence, awareness, treatment, and control of hypertension
in the United States in the period 1999-2004 to ascertain

whether there are further improvements in hypertension
control according to the current treatment goals.

Methods

NHANES was conducted by the National Center for Health Statistics
of the Centers for Disease Control and Prevention.? A stratified,
multistage probability sampling design was used in the survey. The
detailed measurement procedures and protocols have been described
in previous publications and also on its website.®% Since 1999,
NHANES has become a continuous survey program. The 1999—
2004 results are available online. All of the participants gave
informed consent, and the study received approval from the Centers
for Disease Control and Prevention Institutional Review Board.

BP was measured 3 or 4 times manually by a trained operator
using a mercury sphygmomanometer according to a standard proto-
col and calculated as the average after excluding the first measure-
ment.” The BP measurement techniques were identical over the 3
periods (1999-2000, 20012002, and 2003-2004). Body mass index
(BMI) was calculated as weight in kilograms divided by the square
of height in meters. Individuals aged =18 years were included in the
analysis (n=17 061). Participants who were interviewed but not
examined were excluded from analysis (n=1190). Those with
missing data on BP or BMI were also excluded (n=1218).

Hypertension was defined as an average BP =140/90 mm Hg or if
the participant was taking antihypertensive medications. The same
BP criteria applied to diabetic participants. Participants who had
been diagnosed to have hypertension were considered to be aware of
their hypertension. Participants were considered to be treated if they
were taking antihypertensive drugs. Hypertension was considered
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TABLE 1. Characteristics of Participants in the 3 NHANES Phases
1999-2000 2001-2002 2003-2004

Characteristics (n=4749) (n=5032) (n=4872)
Age, mean (SE), y 43.88 (0.39) 44.02 (0.48) 44.97 (0.53)
Age group, y

18-39 4(0.9) 43.0(1.7) 415(1.5)t

40-59 .8(0.9) 38.3(1.3) 37.0 (1.2t

=60 .8(1.0) 18.7 (0.8) 21.4(1.0)
Women, % .7(0.8) 51.5(0.7) 51.2(0.8)
Race/ethnicity, %

Non-Hispanic white .7 (2.8) 72.6 (2.3) 73.2(3.5)

Non-Hispanic black .6 (1.6) 10.8(1.7) 11.2(1.8)

Mexican American 5(1.4) 7.3(0.9) 7.8(2.0)

Other .2(3.0) 9.3(1.9) 7.8(1.1)
Less than high school, % 6(1.3) 19.2 (1.0) 18.8 (1.1)
Weight, mean (SE), kg .4(0.6) 79.9(0.5) 80.5(0.4)
Waist circumference, mean (SE), cm 94.95 (0.64) 95.43 (0.34) 96.74 (0.35)*
BMI, mean (SE), kg/m? 27.81(0.22) 27.87(0.16) 27.99 (0.13)
BP, mean (SE), mm Hg

Systolic

Overall 122.30 (0.69) 121.64 (0.50) 122.10 (0.49)

18-39y 114.57 (0.78) 113.51 (0.36) 113.77 (0.43)

40-59 y 122.44 (0.67) 122.58 (0.64) 123.53 (0.73)

=60y 139.29 (0.88) 138.38 (1.00) 135.76 (0.94)t
Diastolic

Overall 72.23 (0.45) 71.80 (0.44) 70.54 (0.33)F

18-39 y 70.73 (0.65) 69.15 (0.45) 68.20 (0.30)%

40-59 y 76.13 (0.23) 75.98 (0.49) 75.42 (0.46)

=60y 69.43 (0.81) 69.35 (0.53) 66.66 (0.46)F
Diabetes mellitus, % 5.8(0.5) 6.1(0.4) 7.0(0.6)

Data are weighted to the US population and expressed as percentages unless otherwise noted.
*P<0.05, 1P<0.01, £P<<0.001 for the difference between 1999—-2000 and 2003-2004.

controlled in those on treatment if the average BP was <140/
90 mm Hg in nondiabetic patients. Participants were considered to
have diabetes if it had been diagnosed previously by a doctor or if
they were receiving insulin or oral diabetic medications. For diabetic
participants, hypertension was considered to be controlled if the
average BP was <130/80 mm Hg.®

Data were analyzed using the complex sample function of SPSS
(version 13.0). Sampling errors were estimated using the primary
sampling units and strata provided in the data set. Sampling weights
were used to adjust for nonresponse bias and the oversampling of
blacks, Mexican Americans, and the elderly in NHANES. The
prevalence of hypertension, as well as the awareness, treatment, and
control rates, were age adjusted by direct standardization to the US
2000 standard population.'® To analyze differences over time, the
2003-2004 data were compared with the 1999-2000 data. Estimates
with a coefficient of variation >0.3 were considered unreliable. A
2-tailed P value <0.05 was considered statistically significant.

Results
In this analysis, data on 14 653 individuals (4749 in 1999—
2000, 5032 in 2001-2002, and 4872 in 2003-2004) were
included. Table 1 shows the age, race/ethnicity, BMI, BP, and
diabetic status of the US population estimated from
NHANES 1999-2004. There was no overall significant
difference in the mean age between 1999-2000 and 2003—

2004. However, in 2003-2004, there were fewer people in the
18 to 39 age group and more people in the 40 to 59 age group.
In 2003-2004, fewer US adults had not completed high
school. There was a trend of decreasing BP levels, especially
in the elderly. Among the =60 age group, the mean systolic
and diastolic BPs had decreased significantly (P=0.006 and
0.003, respectively). It is interesting that weight and BMI did
not increase significantly from 1999-2000 to 2003-2004.
However, the waist circumference had increased, from
94.95+0.64 cm (37.4%+0.3 in) in 1999-2000 to 95.43+0.34
cm (37.6%0.1 in) in 2001-2002 to 96.74+0.35 cm (38.1£0.1
in) in 2003-2004 (P=0.014).

Table 2 shows the prevalence of hypertension in the United
States. There was no significant change in the prevalence of
hypertension, even in different age, sex, race/ethnicity, and
BMI groups (P>0.05). The prevalence of hypertension was
also analyzed by sex, race/ethnicity, and BMI in 18 to 39, 40
to 59, and =60 age groups, but the age-specific changes in
sex, race/ethnicity, and BMI were not significant. In all 3 of
the periods, the prevalence of hypertension increased with
increasing age and BMI (P<<0.001) but did not vary signifi-
cantly with sex. Non-Hispanic blacks had the highest preva-
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TABLE 2. Prevalence of Hypertension in the US Population, 1999-2004

Hypertension Prevalence, % (SE)

1999-2000 2001-2002 2003-2004
Age Age Age

Characteristics Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
Overall 26.8 (1.3) 28.6(0.9) 26.0 (1.1) 27.9(0.7) 29.3(1.2) 29.6 (0.9)
Age, y

18-39 7.7(1.7) - 7.0(0.6) - 7.3(0.9) -

40-59 30.2 (2.0) - 28.1(1.8) - 32.6 (2.0) -

=60 64.2 (1.7) - 65.7 (1.7) - 66.3 (1.8) -
Sex

Male 26.6 (1.6) 28.7(1.1) 24.1(1.4) 26.5(1.0) 29.8 (1.5) 30.7(1.2)

Female 27.1(1.5) 28.3(1.1) 279(1.2) 28.9(1.1) 28.9(1.4) 28.2(1.1)
Race/ethnicity

Non-Hispanic white 27.4(1.8) 27.2(1.1) 26.7 (1.1) 26.4(1.0) 30.3(1.4) 28.5(1.1)

Non-Hispanic black 32.4(1.3) 39.0(2.2) 35.3(2.4) 41.5(2.2) 34.4(1.8) 39.1(2.1)

Mexican American 18.0 (1.5) 28.3(1.6) 13.2(1.2) 24.1(1.8) 16.9 (3.1) 27.8(1.8)
BMI, kg/m?

<25.0 15.0(1.1) 19.2(1.1) 16.0(1.2) 20.4(1.2) 17.5(1.6) 20.5(1.2)

25.0-29.9 27.4(2.2) 27.4(1.3) 27.3(1.5) 26.9(1.2) 30.8(1.8) 28.4(1.3)

=30.0 412 (1.9 406 (1.7) 36.7 (1.8) 36.1(1.6) 40.8 (1.9) 39.0(1.6)

Data are weighted to the US population.

lence. To measure the independent association of these
variables and education with hypertension, a multiple logistic
regression using the data from NHANES 2003-2004 was
performed with hypertension as the dependent variable.
Increasing age, increasing BMI, being non-Hispanic black,
and having less education were significantly associated with
hypertension, whereas sex was not (Table 3).

Table 4 shows the rates of awareness, treatment, and BP
control. In 2003-2004, 75.7£2.1% of people with hyperten-

TABLE 3. Multiple Logistic Regression of Hypertension
Prevalence in the US Population, 2003-2004

sion were aware of their diagnosis, 65.1+2.4% were treated,
and 36.8%+2.3% had BP controlled (56.6=2.4% among those
treated). The age-adjusted awareness and treatment rates
increased but not significantly since 1999-2000. There was
also a nonsignificant increase in the control rate among
treated hypertensive people. The proportion of treated hyper-
tensive people with diabetes reaching the contemporary target
of <130/80 mm Hg increased, although this was not statisti-
cally significant after age adjustment. However, the BP
control rate among all people with hypertension increased
significantly from 29.2+2.3% in 1999-2000 to 36.8+2.3%
in 2003-2004 (P=0.02 and after age adjustment, P=0.006).
The increase in age-adjusted BP control rate in this 6-year

Factors 0dds Ratio (95% Cl)
period was 8.1% (95% CI: 2.4 to 13.8%) in absolute terms.
Age (referent. 18-39 y) The Figure shows the age-specific prevalence of hyperten-
40-59y 6.04(3.99109.16)+ sion and BP control rates in different racial/ethnic groups. It
=60y 27.35(18.88 10 39.61)¢ shows the marked increase in the prevalence of hypertension

Sex (referent: women)
Race/ethnicity (referent: non-Hispanic white)

1.17 (0.94 t0 1.45)
Non-Hispanic black 1.61(1.30t0 1.99)f
Mexican American 0.68 (0.43 t0 1.08)
Education (referent: more than high school)
High school diploma
Less than high school
BMI (referent: lean, <25 kg/m?)
Overweight, 25-29 kg/m? 1.73 (1.18 to 2.54)
Obese, =30 kg/m? 3.39 (2.49t0 4.61)t
R? 0.37

*P<0.05, 1P<0.01, £P<<0.001 for the independent association between
hypertension prevalence and each factor after adjusting for the remaining
factors.

1.31(0.9410 1.82)
1.41 (1.01 10 1.97)*

with age and the significantly higher prevalence of hyperten-
sion in non-Hispanic blacks. The control rates were the
lowest in middle-aged Mexican American women (27.8%)
among all of the hypertensive people and in old non-Hispanic
black women (39.8%) among those treated.

Table 5 shows the effects of sex and race/ethnicity on the
awareness, treatment, and control of hypertension. Between
1999 and 2004, there were no significant changes in the
awareness and treatment rates of hypertension by sex and
race/ethnicity. There was also no significant change in the
control rate among treated hypertensive people by sex and
race/ethnicity. However, the control rate among all of the
hypertensive people increased in both men and women
(P=0.03 and 0.05, respectively). It improved significantly in
non-Hispanic blacks and Mexican Americans (P=0.02 and


http://hyper.ahajournals.org
jhill
non-Hispanic blacks and Mexican Americans
by on December 10, 2007 hyper.ahajournals.org Downloaded from


72 Hypertension January 2007

TABLE 4. Awareness, Treatment, and Control among Participants With Hypertension in US Population,

1999-2004
Percentage, % (SE)
1999-2000 2001-2002 2003-2004
(n=1530) (n=1500) (n=1614)
Age Age Age
Outcome Measures Unadjusted  Adjusted  Unadjusted  Adjusted  Unadjusted  Adjusted
Awareness 68.7 (2.0) 63.0(3.2 70.7(1.7) 625(3.00 75.7(21)* 66.5(3.2)
Treatment 58.2(29) 47.3(2.4) 60.1(1.6) 50.1(2.6) 65.1(2.4) 53.7(2.8)
Control
Among all with hypertension 29.2(23) 25.0(1.8) 325(1.6) 30.3(22) 36.8(2.3* 33.1(2.3¢t
Among those treated 50.2(22) 51.3(5.8) 54.0(1.6) 63.9(6.00 56.6(2.4) 63.9(5.9)

Among treated hypertensive diabetic subjects  24.1 (3.6)

157 (5.9t 356(39) 321(84) 37.5(4.0* 33.2(9.8)

Data are weighted to the US population.
*P<0.05, 1P<0.01 for the difference between 1999-2000

and 2003-2004.

jEstimates are unreliable because of coefficient of variation >0.3.

0.03, respectively). In Mexican American men, it increased
from 8.7%+2.2% in 1999-2000 to 31.1%=7.0% in 2003-2004
(P=0.002), which was mainly because of the age-adjusted
proportion on treatment increasing from 28.9%4.9% to

49.8£8.8% (P=0.04). Table 6 shows the effects of age and
BMI on the awareness, treatment, and control of hypertension
in 1999-2004. The awareness, treatment, and control rates of
hypertension increased in the =60 age group (P=0.01). In

A Men Women +
h
100 79 100 83 *
= = t 75
<. 80 62mmb2 °. 80 67
] * 8 49
2 60 44 2 60
S 34 1 * o 20 g >°
T 40 22 T 40 i
S20{1117 £20] 58 4
0 0
18-39 40-59 =60 18-39 40-59 =60
Age,y Age,y
B Men Women Hypertension prevalence and control
rates in 2003-2004 by age and race/eth-
100 100 nicity in men and women. A, Hyperten-
= 56 = sion prevalence. B, Control rates in all
3“ 80 46 g_.;' 80 hypertensive patients. C, Control rates in
g 60 43 g 60 a9 46 treated hypertensive patients. Data are
= 33 36 34 = 28 34 a4 29 weighted to the US population. *P<0.05,
£ 40 g 40 +P<0.01, $P<0.001 for the difference
5 20 s 20 within the same age group (non-Hispanic
(] (] whites as the referent for race/ethnicity).
0 - 0+ Error bars indicate 95% Cls. The esti-
- > - = mate for prevalence of hypertension in
R Age,y a0 408 Age, y 50 2003-2004 among Mexican American
women aged 18 to 39 years is unreliable
C Men Women because of coefficient of variation >0.3.
79
100 100
> 2 5 ® 65 66
g 80 57 o 80 *
A4 © 42
& 60 ;- & 60 ® oM
£ 40 £ 40
S 20 S 20
[&] [&]
0 0
40-59 =60 40-59 =60
Age,y Age, y

O Non-Hispanic white B Non-Hispanic black O Mexican American
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TABLE 5. Awareness, Treatment, and Control by Sex and
Race/Ethnicity in the US Population, 1999-2004

Percentage, % (SE)

Sex and Race/Ethnicity 1999-2000 2001-2002 2003-2004
Awareness
Sex
Men 61.6 (4.1) 56.5 (3.6) 66.7 (4.1)
Women 62.0 (5.1) 72.6 (5.6) 67.6 (5.6)
Race/ethnicity
Non-Hispanic white 64.0 (5.3) 59.9 (4.5) 66.9 (4.7)
Non-Hispanic black 64.3 (5.6) 73.2(5.7) 66.4 (5.7)
Mexican American 53.9(5.8) 44.9 (5.8) 63.5(8.7)
Treatment
Sex
Men 44.6 (3.1) 43.0 (2.9) 52.1(3.4)
Women 50.3 (4.2) 62.1(5.2) 58.0 (5.2)
Race/ethnicity
Non-Hispanic white 48.8 (4.2) 471 (3.7) 53.7 (4.0)
Non-Hispanic black 51.1(4.6) 59.7 (5.0) 55.0 (4.9)
Mexican American 33.4 (4.0 299 (4.2 48.3 (6.7)
Control (all treated)
Sex
Men 55.1(8.1) 62.6 (9.0) 65.8 (7.7)
Women 48.5(8.3) 65.2 (8.0) 62.5(9.4)
Race/ethnicity
Non-Hispanic white 56.8 (9.0) 68.6 (10.5) 68.2 (8.4)
Non-Hispanic black 33.7(8.0) 49.8 (7.4) 52.4 (9.5)
Mexican American 43.8 (15.0)f 67.4 (30.2) 56.6 (19.6)%
Control (all hypertensive)
Sex
Men 25.5(2.3) 25.6 (2.3) 33.3(2.8)*
Women 24.9(2.9) 39.8 (4.5) 35.2 (4.4)*
Race/ethnicity
Non-Hispanic white 28.6(3.2) 30.0(3.3) 35.4 (3.4)
Non-Hispanic black 18.8 (2.6) 28.7 (3.6) 28.9 (3.5)*
Mexican American 13.6 (2.7) 15.3 (3.5) 26.5 (5.1)*
Sex and race/ethnicity
Men
Non-Hispanic white 29.5(4.1) 26.8 (3.5) 34.8(3.9)
Non-Hispanic black 16.3 (2.9) 24.9 (4.4) 26.8 (4.7)
Mexican American 8.7(2.2) 9.2 (2.4 31.1 (7.0
Women
Non-Hispanic white 27.6 (5.0 39.9(7.5) 41.8(7.9)
Non-Hispanic black 24.0 (5.9) 32.8(6.1) 30.3(5.3)
Mexican American 234 (71.4% 25.0 8.3)f 24.6 (10.0)%

Data are weighted to the US population and are age adjusted by direct
standardization to the US 2000 standard population.

*P<0.05, 1P<<0.01 for the difference between 1999-2000 and 2003-2004.

jEstimates are unreliable because of coefficient of variation >0.3.

this elderly age group in 2003-2004, 81.0%£2.0% were aware
of their diagnosis, 73.4*=2.1% received treatment, and BP
was controlled in 36.7+1.9% (50.0£2.5% among those
treated). In the 18- to 39-year age group, there was an
increase in the control rate (P=0.04) but not in the awareness
and treatment rates. In obese people with a BMI =30 kg/m?,
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there was an increase in the control rate (P=0.007). The
unadjusted rates of awareness, treatment, and control of
hypertension in different sex, race/ethnicity, age, and BMI
groups are shown in Supplementary Tables I and II (available
online at http://hyper.ahajournals.org).

Discussion

The NHANES database has been valuable for the study of the
trends in the health status of a population because of its large
sample size, complex sampling design, good quality control,
and comprehensive content.? It has been used to study the
prevalence, awareness, treatment, and control of hypertension
in the United States.3+11-15 The data for 2003—2004 have just
been released, and our analysis confirms previous observa-
tions and extends previous conclusions. The prevalence of
hypertension has not increased significantly since 1999. At
the same time, there has been increasing control rate of
hypertension, especially in Mexican American men, elderly,
and obese people. The lack of increased prevalence of
hypertension may be because of the lack of a further increase
in BMI in the population, although there was an increase in
waist circumference. Better publicity and education and effort
from health professionals may be another reason for this. The
increase in BP control rates may be the result of clinical
guidelines on the management of hypertension® rather than
improved antihypertensive drugs, because there were no new
major antihypertensive drugs introduced in this period. Public
health measures and intensified antihypertensive treatment
seem to be effective in improving BP control rates. The latest
hypertension management guidelines recommended the use
of diuretics as first-line antihypertensive medications for
uncomplicated hypertension and the use of multiple antihy-
pertensive drugs to control BP.>-1¢ A recent report revealed an
increase in the use of antihypertensive medications in men
from NHANES III (1988-1994) and NHANES 1999-
2002.'7 Moreover, there was increasing use of angiotensin-
converting enzyme inhibitor among hypertensive patients
with diabetes, congestive heart failure, and heart attack.!”
This was consistent with current guidelines.>!'® The use of
diuretics also increased shortly after the release of new
evidence on the clinical equivalence of diuretics to calcium
channel blockers and angiotensin-converting enzyme inhibi-
tors in December 2002.!%:1° In recent years, it is recognized
that most hypertensive patients require multiple antihyperten-
sive drugs to control BP.20-23 The readiness to use multiple
drugs may explain the increase in BP control rates in
1999-2004.

The awareness and control rates of hypertension were
better in older people and people with higher BMI, whereas
there was relative undertreatment of hypertensive people of
younger age and lower BMI. This may be because of greater
concerns in health status among older and obese people. The
significant increase in waist circumference but not weight and
BMI suggests an increasing trend of abdominal obesity. In
fact, a detailed study of obesity in NHANES 1999-2004
revealed a significant increase in the prevalence of obesity
among men but not women.>*

Large clinical trials in hypertensive patients showed that
BP reduction is crucial in reducing adverse cardiovascular
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TABLE 6. Awareness, Treatment, and Control by Age and BMI
in the US Population, 1999-2004

Percentage, % (SE)

Age and BMI 1999-2000 2001-2002 2003-2004
Awareness
Age, y
18-39 50.7 (5.9) 46.8 (4.1) 51.2 (6.4)
40-59 72.7 (3.0 741 (2.5) 75.6 (2.6)
=60 70.6 (2.0) 735 (1.7) 81.0 (2.0
BMI, kg/m?
<25 51.3(7.2) 51.6 (5.3) 55.5(7.3)
25-29 53.7 (5.2) 51.3 (4.6) 62.9 (5.9)
=30 70.6 (4.5) 76.1(5.3) 73.2 (4.6)
Treatment
Age, y
18-39 26.0 (5.1) 326 (4.3 35.5(6.9)
40-59 62.1(3.2) 60.7 (2.0) 62.7 (3.8)
=60 63.8 (3.1) 66.3 (2.1) 73.4 2.1y
BMI, kg/m?
<25 36.1 (5.1) 37.9(4.3) 455 (6.4)
25-29 42.1 (4.0 41.2 (3.8 50.8 (5.1)
=30 53.6 (3.5) 62.6 (4.6) 59.4 (3.9
Control (all treated)
Age, y
18-39 46.5 (10.3) 77.2(6.7) 71.7 (6.2
40-59 63.1(2.7) 58.0 (2.2) 63.5(4.2)
=60 41.3(2.2) 48.1(1.6) 50.0 (2.5)t
BMI, kg/m?
<25 60.2 (23.2)§ 72.7 (17.9) 57.4 (13.1)
25-29 68.1(18.9) 61.7 (12.4) 63.9(11.7)
=30 456 (6.2) 63.9(7.5) 64.9 (8.0)
Control (all hypertensive)
Age, y
18-39 12.1 (2.4) 25.2 (4.4) 25.5(6.2)*
40-59 39.2(2.9) 35.2(2.1) 39.8 (4.3)
=60 26.4 (2.2) 31.9(1.7) 36.7 (1.9)F
BMI, kg/m?
<25 221 (4.1) 23.2(3.9) 25.8 (4.9)
25-29 26.5 (3.5) 23.4(3.1) 32.2(4.1)
=30 25.1(2.4) 39.0(3.9) 36.2 (3.3)1

Data are weighted to the US population. Percentages are age adjusted by
direct standardization to the US 2000 standard population, except age-specific
values.

*P<0.05, 1P<0.01, £P<<0.001 for the difference between 1999-2000 and
2003-2004.

§Estimates are unreliable because of coefficient of variation >0.3.

outcomes.>28 A small reduction in BP could reduce the risk
of heart failure, stroke, and myocardial infarction marked-
ly.52° The increased control rates and decreased mean BPs,
especially among the elderly, may help to decrease the
incidence of strokes and heart attacks, which is highly
encouraging. Clinicians need to overcome clinical inertia and
step up treatment to reach the BP target. Other than antihy-

pertensive medication, lifestyle interventions should also be
encouraged in hypertensive patients.3°

According to the national goal of Healthy People 2010, the
proportion of adults with high BP should be reduced to 16%,
and the proportion of adults with high BP whose BP is under
control should be reduced to 50%.3' It seems unlikely,
because of the aging population, that the proportion of adults
with hypertension can be reduced to 16%. However, the
improvement in BP control rates in the last few years is
highly encouraging, suggesting that, with concerted effort
from health professionals and the government agencies, the
target of 50% BP control rate may be reached by 2010.
Recent clinical trials showed that a high BP control rate of
66% to 71% could be achieved in some settings and environ-
ments.?>23:3233 Although we did not find a significant in-
crease in the age-adjusted rate of BP control in patients under
treatment, the age-adjusted rate was 63.9% in 2003-2004,
close to the control rates of 70% to 80% found in clinical
trials.?223-3233 The increase in age-adjusted control rates
among treated hypertensive patients with diabetes from
15.7% to 33.2% is promising although not statistically sig-
nificant, but this is still in need of substantial improvement. In
2003-2004, approximately one third of hypertensive patients
were unaware of their hypertension, and our efforts to detect
hypertension need to be improved. The treatment rate among
hypertensive patients was only 53.7%. Therefore, approxi-
mately half of the hypertensive subjects were not being
treated. To meet Healthy People 2010, the greatest attention
must be paid to this group. In countries with limited resources
like Cuba, very good BP control can be achieved through
investment in the training of health professionals, availability
of locally manufactured drugs, and more aggressive policy at
the primary care level.3* Therefore, there is room for further
improvement in the control of hypertension in the United
States.

Studies using a BP goal of <140/90 mm Hg in hyperten-
sive people with diabetes might overestimate BP control
rates.!3+13-1535 Therefore, in this study, different control
goals were used for those with and without diabetes to
produce a more accurate control rate. However, there are
some limitations in our study. The BP goal for hypertensive
patients with diabetes was changed from <130/85 mm Hg to
<130/80 mm Hg in 2003.> Therefore, the BP control rates in
people with diabetes might seem poor before 2003. Inaccu-
racies in estimating BP control rates in the diabetic popula-
tion might also arise from not classifying diabetic people with
prehypertension as hypertensive, although they may require
antihypertensive medications to bring their BP to <130/
80 mm Hg. The limited sample sizes for each 2-year period
made the estimates in some subgroups less reliable and made
it difficult to study interactions between factors such as age,
sex, and race/ethnicity. Estimates of prevalence are substan-
tially affected by age adjustment. The age distribution of the
US general population, used for the adjustment standard, is
much younger than the hypertensive population, so the
adjustment emphasizes the estimates among the younger
population. A better standard population might be the age
distribution of those with hypertension, such as for the entire
1999-2004 period.
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Perspectives

Our study indicated that there was no significant change in
the prevalence of hypertension in the US population in the
period 1999-2004. However, there were significant improve-
ments in the control rates, especially in the elderly. These
findings suggest that public health measures or changes in
clinical practice are in the right direction.

Disclosures
None.
References
1. Fields LE, Burt VL, Cutler JA, Hughes J, Roccella EJ, Sorlie P. The

12.

14.

17.

18.

burden of adult hypertension in the United States 1999 to 2000: a rising
tide. Hypertension. 2004;44:398 —404.

. National Center for Health Statistics. National Health and Nutrition

Examination Survey. Available at: http://www.cdc.gov/nchs/nhanes.htm.
Accessed April 19, 2006.

. Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and

control of hypertension in the United States, 1988-2000. JAMA. 2003;
290:199-206.

. Cheung BM, Ong KL, Man YB, Lam KS, Lau CP. Prevalence,

awareness, treatment, and control of hypertension: United States National
Health and Nutrition Examination Survey 2001-2002. J Clin Hypertens
(Greenwich). 2006;8:93-98.

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL

Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ and the
National High Blood Pressure Education Program Coordinating Com-
mittee. Seventh report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure. Hyper-
tension. 2003;42:1206-1252.

. Plan and operation of the Third National Health and Nutrition Exami-

nation Survey 1988-94. Vital Health Stat 1. 1994;32:1-407.

. Ezzati TM, Massey JT, Waksberg J, Chu A, Maurer KR. Sample design:

Third National Health and Nutrition Examination Survey. Vital Health
Stat 2. 1992;113:1-35.

. National Center for Health Statistics. The National Health and Nutrition

Examination Survey (NHANES) 1999-2004 data files. Available at:
http://www.cdc.gov/nchs/about/major/nhanes/datalink.htm. Accessed
April 19, 2006.

. Perloff D, Grim C, Flack J, Frohlich ED, Hill M, McDonald M,

Morgenstern BZ. Human blood pressure determination by sphymoma-
nometry. Circulation. 1993;88:2460-2470.

. Klein RJ, Schoenborn CA. Age adjustment using the 2000 projected US

population. Healthy People 2010. Stat Notes. 2001;20:1-10.

. Hertz RP, Unger AN, Cornell JA, Saunders E. Racial disparities in

hypertension prevalence, awareness, and management. Arch Intern Med.
2005;165:2098-2104.

Centers for Disease Control and Prevention. Racial/ethnic disparities in
prevalence, treatment, and control of hypertension—United States,
1999-2002. MMWR Morb Mortal Wkly Rep. 2005;54:7-9.

. Mainous AG 3rd, King DE, Garr DR, Pearson WS. Race, rural residence,

and control of diabetes and hypertension. Ann Fam Med. 2004;2:
563-568.

Imperatore G, Cadwell BL, Geiss L, Saadinne JB, Williams DE, Ford ES,
Thompson TJ, Narayan KM, Gregg EW. Thirty-year trends in cardiovas-
cular risk factor levels among US adults with diabetes: National Health
and Nutrition Examination Surveys, 1971-2000. Am J Epidemiol. 2004;
160:531-539.

. Qureshi Al, Suri MF, Kirmani JF, Divani AA. Prevalence and trends of

prehypertension and hypertension in United States: National Health and
Nutrition Examination Surveys 1976 to 2000. Med Sci Monit. 2005;11:
CR403-CR409.

. Sixth report of the Joint National Committee on Prevention, Evaluation,

Detection, and Treatment of High Blood Pressure. Arch Intern Med.
1997;157:2413-2446.

Gu Q, Paulose-Ram R, Dillon C, Burt V. Antihypertensive medication
use among US adults with hypertension. Circulation. 2006;113:213-221.
ALLHAT Officers and Coordinators for the ALLHAT Collaborative
Research Group. The Antihypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial. Major outcomes in high-risk hypertensive

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ong et al Hypertension in US 1999-2004 75

patients randomized to angiotensin-converting enzyme inhibitor or
calcium channel blocker vs diuretic: the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). JAMA.
2002;288:2981-2997.

. Stafford RS, Monti V, Furberg CD, Ma J. Long-term and short-term

changes in antihypertensive prescribing by office-based physicians in the
United States. Hypertension. 2006;48:213-218.

Black HR, Elliott WJ, Neaton JD, Grandits G, Grambsch P, Grimm RH
Jr, Hansson L, Lacouciere Y, Muller J, Sleight P, Weber MA, White WB,
Williams G, Wittes J, Zanchetti A, Fakouhi TD, Anders RJ. Baseline
characteristics and early blood pressure control in the CONVINCE Trial.
Hypertension. 2001;37:12—18.

Cushman WC, Ford CE, Cutler JA, Margolis KL, Davis BR, Grimm RH,
Black HR, Hamilton BP, Holland J, Nwachuku C, Papademetriou V,
Probstfield J, Wright JT Jr, Alderman MH, Weiss RJ, Piller L, Bet-
tencourt J, Walsh SM. ALLHAT Collaborative Research Group. Success
and predictors of blood pressure control in diverse North American
settings: the antihypertensive and lipid-lowering treatment to prevent
heart attack trial (ALLHAT). J Clin Hypertens (Greenwich). 2002;4:
393-404.

Law MR, Wald NJ, Morris JK, Jordan RE. Value of low dose combi-
nation treatment with blood pressure lowering drugs: analysis of 354
randomised trials. BMJ. 2003;326:1427-1434.

Moser M. Rationale for combination therapy in the management of
hypertension. J Clin Hypertens (Greenwich). 2003;5:17-25.

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal
KM. Prevalence of overweight and obesity in the United States,
1999-2004. JAMA. 2006;295:1549—-1555.

UK Prospective Diabetes Study Group. Tight blood pressure control and
risk of macrovascular and microvascular complications in type 2 diabetes:
UKPDS 38. BMJ. 1998;317:703-713.

Curb JD, Pressel SL, Cutler JA, Savage PJ, Applegate WB, Black H,
Camel G, Davis BR, Frost PH, Gonzalez N, Guthrie G, Oberman A,
Rutan GH, Stamler J. Effect of diuretic-based antihypertensive treatment
on cardiovascular disease risk in older diabetic patients with isolated
systolic hypertension. Systolic Hypertension in the Elderly Program
Cooperative Research Group. JAMA. 1996;276:1886—1892.

Staessen JA, Gasowski J, Wang JG, Thijs L, Den Hond E, Boissel JP,
Coope J, Ekbom T, Gueyffier F, Liu L, Kerlikowske K, Pocock S, Fagard
RH. Risks of untreated and treated isolated systolic hypertension in the
elderly: meta-analysis of outcome trials. Lancet. 2000;355:865—872.
Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Prospective
Studies Collaboration. Age-specific relevance of usual blood pressure to
vascular mortality: a meta-analysis of individual data for one million
adults in 61 prospective studies. Lancet. 2002;360:1903-1913.

Staessen JA, Wang JG, Thijs L. Cardiovascular prevention and blood
pressure reduction: a quantitative overview updated until 1st March 2003.
J Hypertens. 2003;21:1055-1076.

Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR, Cook
JV, Williams B, Ford GA. Lifestyle interventions to reduce raised blood
pressure: a systematic review of randomized controlled trials.
J Hypertens. 2006;24:215-233.

US Department of Health and Human Services. Healthy People 2010
(conference ed, in 2 vols). Washington, DC: US Department of Health
and Human Services; 2000. Available at: http://www.health.gov/
healthypeople. Accessed April 24, 2006.

Pepine CJ, Handberg EM, Cooper-DeHoff RM, Marks RG, Kowey P,
Messerli FH, Mancia G, Cangiano JL, Garcia-Barreto D, Keltai M, Erdine
S, Bristol HA, Kolb HR, Bakris GL, Cohen JD, Parmley WW. INVEST
Investigators. A calcium antagonist vs a non-calcium antagonist hyper-
tension treatment strategy for patients with coronary artery disease. The
International Verapamil-Trandolapril Study (INVEST): a randomized
controlled trial. JAMA. 2003;290:2805-2816.

Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L, Hua
T, Laragh J, Mclnnes GT, Mitchell L, Plat F, Schork A, Smith B,
Zanchetti A. VALUE trial group. Outcomes in hypertensive patients at
high cardiovascular risk treated with regimens based on valsartan or
amlodipine: the VALUE randomised trial. Lancet. 2004;363:2022-2031.
Ordunez-Garcia P, Munoz JL, Pedraza D, Espinosa-Brito A, Silva LC,
Cooper RS. Success in control of hypertension in a low-resource setting:
the Cuban experience. J Hypertens. 2006;24:845—849.

He J, Muntner P, Chen J, Roccella EJ, Streiffer RH, Whelton PK. Factors
associated with hypertension control in the general population of the
United States. Arch Intern Med. 2002;162:1051-1058.


http://hyper.ahajournals.org
jhill
by on December 10, 2007 hyper.ahajournals.org Downloaded from




