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HYPERTENSION IS A MAJOR RISK

factor for cardiovascular dis-
ease morbidity and mortal-
ity.1-3 The National Health

and Nutrition Examination Survey
(NHANES), conducted by the National
Center for Health Statistics, provides pe-
riodic information on the health of the
US population. Based on earlier analy-
ses of NHANES data, with the possible
exception of black men aged 50 years or
older, hypertension prevalence has de-
creased between 1960 and 1991.4 In ad-
dition, during this time, the entire popu-
lation-based blood pressure (BP)
distribution shifted downward.5

In apparent contrast with these fa-
vorable trends, according to the Behav-
ioral Risk Factor Surveillance System
(BRFSS), self-reported hypertension
was 24.9% in 1999 compared with
22.9% in 1991.6 This increase may rep-
resent an increase in awareness, but be-
cause the BRFSS does not include BP
measurements, the current hyperten-
sion prevalence rate in the commu-
nity is not known.

Despite the overwhelming evidence
that hypertension control is associated
with a significant reduction in cardio-
vascular events,7-9 less than 25% of the
US population with hypertension had
their BP controlled in 1988-1991.10 The
goal of the US Department of Health and
Human Services that 50% of Americans
with hypertension have their BP con-

trolled by the year 2000 was not met, and
this goal has been reestablished to be
achieved by 2010.11,12 Recent trends in
hypertension control in the US popula-
tion are not known.

We analyzed NHANES data to de-
termine trends in the prevalence, aware-
ness, treatment, and control of hyper-
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Context Prior analyses of National Health and Nutrition Examination Survey (NHANES)
data through 1991 have suggested that hypertension prevalence is declining, but more
recent self-reported rates of hypertension suggest that the rate is increasing.

Objective To describe trends in the prevalence, awareness, treatment, and control
of hypertension in the United States using NHANES data.

Design, Setting, and Participants Survey using a stratified multistage probabil-
ity sample of the civilian noninstitutionalized population. The most recent NHANES
survey, conducted in 1999-2000 (n=5448), was compared with the 2 phases of NHANES
III conducted in 1988-1991 (n=9901) and 1991-1994 (n=9717). Individuals aged 18
years or older were included in this analysis.

Main Outcome Measures Hypertension, defined as a measured blood pressure
of 140/90 mm Hg or greater or reported use of antihypertensive medications. Hyper-
tension awareness and treatment were assessed with standardized questions. Hyper-
tension control was defined as treatment with antihypertensive medication and a mea-
sured blood pressure of less than 140/90 mm Hg.

Results In 1999-2000, 28.7% of NHANES participants had hypertension, an in-
crease of 3.7% (95% confidence interval [CI], 0%-8.3%) from 1988-1991. Hyper-
tension prevalence was highest in non-Hispanic blacks (33.5%), increased with age
(65.4% among those aged �60 years), and tended to be higher in women (30.1%).
In a multiple regression analysis, increasing age, increasing body mass index, and non-
Hispanic black race/ethnicity were independently associated with increased rates of
hypertension. Overall, in 1999-2000, 68.9% were aware of their hypertension (non-
significant decline of −0.3%; 95% CI, −4.2% to 3.6%), 58.4% were treated (in-
crease of 6.0%; 95% CI, 1.2%-10.8%), and hypertension was controlled in 31.0%
(increase of 6.4%; 95% CI, 1.6%-11.2%). Women, Mexican Americans, and those
aged 60 years or older had significantly lower rates of control compared with men,
younger individuals, and non-Hispanic whites.

Conclusions Contrary to earlier reports, hypertension prevalence is increasing in the
United States. Hypertension control rates, although improving, continue to be low.
Programs targeting hypertension prevention and treatment are of utmost importance.
JAMA. 2003;290:199-206 www.jama.com
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tension in the United States between
1988 and 2000.

METHODS
NHANES is a stratified multistage prob-
ability sample of the civilian noninsti-
tutionalized US population. The third
NHANES was conducted in 2 phases be-
tween 1988 and 1994; the first phase in
1988-1991 and the second phase in
1991-1994.13 The most recent NHANES
was conducted in 1999 and 2000.12 Al-
though each of the surveys has an over-
all similar design, the 1999-2000 sur-
vey has a smaller sample size and is the
first part of the continuous NHANES.14

This may lead to a higher SE for vari-
ables measured in the 1999-2000 sur-
vey.15 All participants provided in-
formed consent and the data were
approved by the Centers for Disease
Control and Prevention Institutional Re-
view Board as ensuring confidential-
ity.14 For this analysis, we included data
on all participants aged 18 years or older.
This includes age, sex, and self-
assigned race/ethnicity (non-Hispanic
whites, non-Hispanic blacks, Mexican
Americans, and other racial groups, in-
cluding non–Mexican American His-
panic whites and blacks). In addition,
body mass index (BMI; calculated as
weight in kilograms divided by the
square of height in meters) and BP mea-
surements and hypertension and diabe-
tes mellitus history were included.

A certified operator performed BP
measurements using a mercury sphyg-
momanometer and a standardized pro-
cedure in each survey during the home
interviewandduring thephysical exami-
nation at home or at a mobile examina-
tion center. A cuff size appropriate for
the participant’s arm circumference was
used. Quality control was ensured by
operator recertification, procedural
checklists, and data review.16,17 In the
1999-2000 phase, 9.7% had fewer than
3BPreadingscomparedwith0.5%in the
1991-1994 phase and 0.4% in the 1988-
1991phase (P�.01).Asmall (�1%)and
similar number of participants in all 3
phases reported that they had never had
a BP measurement. Those interviewed
but not examined were not included in

the analysis (n=1076 in 1988-1991,
n=790 in 1991-1994, and n=472 in
1999-2000).

Each survey used similar questions for
hypertension history. We considered a
participant to be hypertensive if the av-
erage systolic BP (SBP) was 140 mm Hg
or higher or the average diastolic BP
(DBP) was 90 mm Hg or higher or if the
participant was currently receiving an-
tihypertensive medications. The same
criteria were used for both diabetic and
nondiabetic participants. Participants
were considered to be aware of their hy-
pertension if they answered “yes” to the
interview question “Have you ever been
told by a doctor or health professional
that you had hypertension, also called
high blood pressure?” Participants were
considered to be treated if they an-
swered “yes” to the interview question
“Because of your high blood pressure/
hypertension are you now taking pre-
scribed medicine?” Participants were
considered to have their hypertension
controlled if they were receiving anti-
hypertensive medications and their av-
erage SBP was less than 140 mm Hg and
average DBP was less than 90 mm Hg.
A separate control variable was defined
for diabetic participants. Participants
were considered diabetic if they an-
swered “yes” to at least 1 of these inter-
view questions: “Have you ever been told
by a doctor that you have diabetes or
sugar diabetes?” or “Are you now tak-
ing insulin?” or “Are you now taking dia-
betes pills to lower blood sugar?” Dia-
betic participants were considered to
have controlled hypertension if they
were receiving antihypertensive medi-
cation and their mean BP was below the
recommended target. Because of the
change in recommendations between
1988 and 2000 to a lower target BP in
diabetic individuals, we defined con-
trol in those with diabetes based on 2 cri-
teria for BP: a mean SBP of less than 140
mm Hg and a mean DBP of less than
90 mm Hg, and a mean SBP of less than
130 mm Hg and a mean DBP of less than
85 mm Hg.18

Each survey oversampled African
Americans, Mexican Americans, and
individuals aged 60 years or older.14,19

To adjust for oversampling, special sam-
plingweightswere includedinouranaly-
sis. These weights also adjusted for non-
response bias and poststratification
population totals.20 To obtain estimates
of the sampling errors, a Taylor linear
approximation method and jackknife 1
procedures were used in each of the 3
surveys.19,21,22 In consideration of the
complexsampledesign,SASversion8.02
(SURVEYMEANS, SURVEYREG)23 and
WesVar version 4.2 (Westat Inc, Rock-
ville, Md) software were used. For sta-
tistical analyses of differences over time,
data from the 1999-2000 survey were
compared with 1988-1991 data rather
than the entire NHANES III survey to
provide more comparable sample sizes.
The test for a linear trend over the 3
phases of the NHANES survey is the
same as for a comparison of the first and
last surveys. Inaccordancewith the Joint
Policy on Variance Estimation, esti-
mates with a coefficient of variation
larger than 0.30 or a sample size smaller
than the recommended size for the
design effect or the estimated propor-
tion were considered unreliable.15,24

Hypothesis testing was not performed
on unreliable estimates. Age adjust-
ment and population estimates were cal-
culated using the standard 2000 US
population estimates, with a popula-
tion breakdown by 10-year incre-
ments.25 The following age groups were
used in this analysis in accordance with
the 1999-2000 survey’s analytic guide-
lines: 18-39 years, 40-59 years, and 60
years or older.15 Tests for trend were per-
formed using the t test for comparisons
of weighted means (to adjust for sam-
pling weights) between the 1988-1991
and 1999-2000 data. We used a conser-
vative approach for statistical signifi-
cance (�=.01) to help account for mul-
tiple comparisons. Multiple regression
analysis was performed with hyperten-
sionas theoutcomevariableandage, sex,
race/ethnicity, and BMI as predictors to
calculate the independent association
between the predictors and the out-
come variables. This analysis was per-
formed separately for each of the 3
phases. Results were nonstandardized.
We used SAS SURVEYREG and Wes-
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Var to account for survey design and
samplingweights.The increase inhyper-
tension prevalence attributable to BMI
was determined by running the regres-
sion model and performing analysis of
covariance to determine the indepen-
dent associations between hyperten-
sion and BMI.

RESULTS
TABLE 1 provides the sample sizes by sex,
race/ethnicity, and age. Average age of
the participants, sex, racial/ethnic dis-
tribution, and mean SBP and DBP were
similar in each of the 3 phases (TABLE 2.)
Participants in 1999-2000 had a higher
BMI (P�.001) and a higher prevalence
of diabetes than in 1988-1991 (P�.001).

In1999-2000, theage-adjustedhyper-
tensionprevalencewas28.7%(TABLE3),
an absolute increase of 3.7% compared
with 1988-1991. Non-Hispanic blacks
had the highest prevalence of hyperten-
sion (P=.04 for 1988-1991, P=.001 for
1991-1994, and P=.01 for 1999-2000)
and Mexican Americans had the lowest
rates (P�.001 for all 3) in all 3 surveys,
and rates for all racial/ethnic groups
tended to increase between 1988 and
2000.Hypertensionprevalence increased
to a greater extent in individuals aged
60 years or older than in younger indi-
viduals.Non-Hispanicblackwomenhad
the greatest increase in hypertension
prevalenceandnon-Hispanicwhitemen
had the smallest (7.2% of non-Hispanic
black women vs 1.0% of non-Hispanic
white men). Hypertension prevalence in
all age, sex, and race/ethnicity groups is
shown in FIGURE 1. Based on the 1999-
2000 survey, among both men and
women, hypertension prevalence in
those aged 40 to 59 years and those aged
60 years or older was higher in non-
Hispanic blacks than in non-Hispanic
whites and Mexican Americans.

A multiple regression analysis was car-
ried out to assess the independent as-
sociation of hypertension prevalence
with demographics and BMI, consid-
ered simultaneously (TABLE 4). In each
of the 3 surveys, hypertension was as-
sociated with increasing age (P�.001),
non-Hispanic black race/ethnicity
(P�.001), and higher BMI (P�.001).

Table 2. Characteristics of Participants in 3 NHANES Phases*

Characteristics
1988-1991
(n = 9901)

1991-1994
(n = 9717)

1999-2000
(n = 5448)

Interviewed but not examined, No. (%) 1076 (11) 790 (8) 472 (9)

Age, mean (SE), y 43.4 (0.4) 44.1 (0.6) 44.0 (0.3)

Age group, y
18-39 40 43 42

40-59 25 25 25

�60 35 32 34

Women 52 52 52

Race/ethnicity
Non-Hispanic white 77 75 70

Non-Hispanic black 11 11 11

Mexican American 5 5 7

Other 7 9 12

Body mass index, mean (SE)† 26.1 (0.1)‡ 26.7 (0.1) 27.8 (0.1)‡

Never had blood pressure checked 0.6 0.3 0.5

Blood pressure, mean (SE), mm Hg
Systolic 122.0 (0.5) 122.1 (0.4) 122.9 (0.4)

Diastolic 73.3 (0.2) 74.4 (0.3) 72.1 (0.2)

Diabetes mellitus 5‡ 5 7‡
Abbreviation: NHANES, National Health and Nutrition Examination Survey.
*Data are weighted to the US population and expressed as percentages unless otherwise noted.
†Body mass index was calculated as weight in kilograms divided by the square of height in meters.
‡P�.001 for the difference between the 1988-1991 and 1999-2000 surveys.

Table 1. No. of Participants by Sex, Race/Ethnicity, and Age in 3 NHANES Phases

Age, y
1988-1991
(n = 9901)

1991-1994
(n = 9717)

1999-2000
(n = 5448)

Men 4781 4083 2337

Non-Hispanic white 2244 1585 1131

18-39 628 417 638

40-59 564 382 289

�60 1052 783 474

Non-Hispanic black 1190 1246 485

18-39 558 635 205

40-59 323 322 138

�60 309 289 142

Mexican American 1347 1252 721

18-39 733 664 329

40-59 302 291 168

�60 312 297 224

Women 4812 5187 2619

Non-Hispanic white 2260 2283 1222

18-39 656 670 465

40-59 513 562 278

�60 1091 1051 479

Non-Hispanic black 1270 1632 564

18-39 601 870 247

40-59 318 458 151

�60 358 304 166

Mexican American 1282 1272 833

18-39 686 703 407

40-59 311 285 203

�60 285 284 223
Abbreviation: NHANES, National Health and Nutrition Examination Survey.
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Hypertension was not associated with
sex (P=.37) in the regression analysis.
In all 3 surveys, demographic charac-
teristics and BMI accounted for 30% to
31% (age accounted for 26%, non-
Hispanic black race/ethnicity for 0.4%,
and BMI for 5%) of the hypertension
prevalence.

To address the possibility that the
increase in the age-adjusted hyperten-
sion prevalence could be secondary to
the increase in BMI from 1988-1991 to
1999-2000, we calculated the contribu-
tionof this increase inBMItothe increase
in hypertension prevalence. Adjusting
the 1988-1991 hypertension preva-

lence for the differences between 1988-
1991 and 1999-2000 covariates using
analysis of covariance, 2.0% of the 3.6%
increase of hypertension prevalence was
attributable to an increase in BMI.

Because the recommended goal for
hypertension control has been changed
to less than 130/85 mm Hg in those with
diabetes,18 we considered the possibil-
ity that the increase in prevalence in the
1999-2000 phase may be due to initia-
tion of antihypertensive therapy at lower
BP levels, in accord with this new rec-
ommendation. A separate analysis of
age-adjusted prevalence excluding those
with diabetes demonstrated an in-
crease in hypertension prevalence be-
tween 1988 and 2000, but this increase
was no longer significant (24.3 [SE, 2.0]
in 1988-1991 vs 27.8 [SE, 1.9] in 1999-
2000; P=.10).

In 1999-2000, 68.9% of all hyperten-
sive participants were aware of their hy-
pertension, and 58.4% were receiving BP
medication (TABLE 5). Hypertension was
controlled in 53.1% of those taking
medication, and among all hyperten-
sive participants, BP was controlled in
only 31.0%. Awareness remained un-
changed from 1988 to 2000, although
treatment and overall control in-
creased by 6.0% (P=.007) and 6.4%
(P=.004), respectively. Among partici-
pants with diabetes, control rates de-
clined but not significantly, possibly be-
cause of the small number of
hypertensive individuals with diabe-
tes. Based on the BP criterion of less than
140/90 mm Hg, 46.9% of all patients
with hypertension and diabetes had their
hypertension controlled in 1999-2000
compared with 53.1% in 1988-1991.
Control rates were lower for partici-
pants with diabetes, based on the BP cri-
terion of less than 130/85 mm Hg.

We then evaluated the separate ef-
fects of sex, race/ethnicity, and age on
hypertension awareness, treatment, and
control (TABLE 6). Between 1988 and
2000, hypertension awareness rates re-
mained stable in both men and women.
Hypertension treatment and control
rates increased in men (P�.001 for both)
but did not change significantly in
women. In the 1999-2000 survey, hy-

Figure 1. Hypertension Prevalence by Age and Race/Ethnicity in Men and Women
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Table 3. Age-Specific and Age-Adjusted Prevalence of Hypertension by Sex and
Race/Ethnicity in the US Population, 1988-2000*

Characteristics

Prevalence, % (SE) Change, 1988 to 2000

1988-1991 1991-1994 1999-2000 % (95% CI) P Value

Age-Specific Data

Age, y
18-39 5.1 (0.6)† 6.1 (0.6)† 7.2 (1.1)† 2.1 (−0.3 to 4.5) .05

40-59 27.0 (1.4)† 24.3 (2.2)† 30.1 (1.8)† 3.1 (−1.4 to 7.6) .09

�60 57.9 (2.0) 60.1 (1.1) 65.4 (1.6) 7.5 (2.4 to 12.5) .002

Age-Adjusted (to 2000 US Population) Data

Overall 25.0 (1.5) 25.0 (1.7) 28.7 (1.8) 3.7 (0 to 8.3) .02

Sex
Men 24.9 (2.1) 23.9 (2.6) 27.1 (2.7) 2.2 (−4.5 to 8.9) .26

Women 24.5 (1.7) 26.0 (1.8) 30.1 (2.4) 5.6 (0 to 11.4) .03

Race/ethnicity
Non-Hispanic white 25.9 (1.8) 25.6 (2.1) 28.9 (2.3) 3.1 (−2.7 to 8.7) .14

Non-Hispanic black 28.9 (2.2) 32.5 (2.1)‡ 33.5 (3.2)‡ 4.6 (−3 to 12.2) .12

Mexican American 17.2 (1.6)† 17.8 (2.0)† 20.7 (2.7)† 3.5 (−2.7 to 9.7) .13

Sex and race/ethnicity
Men

Non-Hispanic white 26.7 (2.7) 24.4 (2.4) 27.7 (3.4) 1.0 (−7.5 to 9.6) .41

Non-Hispanic black 29.1 (3.3) 29.5 (2.9) 30.9 (4.9)§ 1.8 (−9.8 to 13.4) NA

Mexican American 17.9 (2.6) 17.8 (1.8) 20.6 (3.9)§ 2.7 (−6.5 to 11.9) NA

Women
Non-Hispanic white 25.1 (2.1) 26.8 (2.3) 30.2 (3.1) 5.1 (−2.2 to 12.4) .09

Non-Hispanic black 28.6 (2.7) 35.0 (2.7) 35.8 (4.2)§ 7.2 (−2.6 to 17.0) NA

Mexican American 16.5 (2.2)§ 17.9 (2.1)§ 20.7 (3.4) 4.2 (−3.8 to 12.2) NA
Abbrreviations: CI, confidence interval; NA, not applicable due to unreliable data.
*Data are weighted to the US population.
†P�.001 for the difference among racial/ethnic groups, with non-Hispanic whites as referent, or for the difference among

3 age groups, with �60 years as referent.
‡P�.01 for the difference among racial/ethnic groups, with non-Hispanic whites as referent, or for the difference among

3 age groups, with �60 years as referent.
§Estimates are unreliable because of National Health and Nutrition Examination Survey minimum sample size criteria

or coefficient of variation of at least 0.30.
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pertension awareness was similar be-
tween men and women (P = .12),
whereas treatment rates were higher, al-
though nonsignificantly (P=.03), and
control rates in those being treated were
lower (P=.006) in women than in men.

Hypertension awareness rates were
unchangedandtreatmentrates improved
inall3racial/ethnicgroupsbetween1988
and 2000, but the increase was only sig-
nificant in non-Hispanic whites (non-
Hispanic whites, P=.009; non-Hispanic
blacks, P=.02; and Mexican Americans,
P= .05). Hypertension control rates
improvedinnon-Hispanicwhites(P=.01
for treated hypertension and P=.002 for
all hypertension); non-Hispanic white
men demonstrated the highest increase
incontrol rates (P�.001)(Table6).Con-
trol rates did not change significantly for
Mexican Americans between 1988 and
2000. In the 1999-2000 survey, hyper-
tension awareness (P=.005), treatment
(P�.001), and overall control rates
(P�.001) were lower in Mexican Ameri-
cans than in non-Hispanic whites and
non-Hispanicblacks.Furthermore, rates
of hypertension control among those
being treated were lower in non-
Hispanic blacks than in non-Hispanic
whites (P=.02) (Table 5).

Hypertension awareness did not
change significantly from 1988 to 2000
in any age group (TABLE 7). Treatment
(P=.01) and control (P=.006 for treated
and P�.001 for all) improved signifi-
cantly in those aged 40 to 59 years
between 1988 and 2000, whereas only
overall control rates improved in those
aged 60 years or older (P=.02). Despite
similarhypertensionawarenessandtreat-
ment rates, control rates were lower dur-
ing each of the 3 surveys in participants
aged 60 years or older than in those aged
40 to 59 years (P=.03 for 1988-1991 and
P�.001for1999-2000)(Table7).Hyper-
tension awareness, treatment, and con-
trol rates tended to be lowest in partici-
pants aged 18 to 39 years in each of the
3 surveys. However, because of the low
hypertension prevalence and the high
relative SE in this age group, these obser-
vations must be interpreted cautiously.

FIGURE2depictsoverallhypertension
control rates by age group (excluding

those �39 years) and by race/ethnicity
for men and women in the 1999-2000
survey. For both sexes and both age
groups,MexicanAmericanshadthelow-
estratesofhypertensioncontrol. Inthose
aged 40 to 59 years, non-Hispanic black
men and women had lower rates of hy-
pertension control than non-Hispanic
whites. However, in those aged 60 years
orolder,hypertensioncontrol rateswere
similar in non-Hispanic white and non-
Hispanic black men, whereas the rate of
hypertension control was lower in non-
Hispanic white than in non-Hispanic
black women aged 60 years or older.

COMMENT
This analysis indicates that almost 29%
of the adult US population, an esti-
mated 58.4 million individuals, had
hypertension in 1999-2000. This is an

overall increase from 1988-1991 and
demonstrates a reversal of the previ-
ously reported trendofanoveralldecline
inhypertensionprevalencebetween1960
and 1991 using the NHANES survey.4 It
also shows that women, non-Hispanic
blacks, andtheolderpopulationhave the
highest rates of hypertension. In 1999-
2000,almost30%ofallhypertensiveindi-
vidualswereunawareof their illness,42%
were not being treated, and, at the time
that their BP was measured, 69% did not
have their hypertension controlled.
Women, older participants, and Mexi-
can Americans tended to have the low-
est rates of control. In addition, in 1999-
2000, nearly 75% of all patients with
diabetes and hypertension did not have
their hypertension controlled to the BP
target of less than 130/85 mm Hg rec-
ommended in 1997.18

Table 4. Multiple Regression Analysis of the Association Between Hypertension Prevalence
and Demographic Factors and BMI

Factors

Regression Coefficient (SE)

1988-1991 1991-1994 1999-2000

Age (per 1-y increase) 1.2 (0.04)* 1.2 (0.03)* 1.3 (0.04)*

Sex (referent: women) 3.5 (1.3) 0.03 (0.7) 1.4 (1.5)
Race/ethnicity (referent: Mexican American)

Non-Hispanic white −1.1 (0.9) −0.2 (1) 0.6 (1.4)
Non-Hispanic black 7.0 (1.4)* 10 (0.1)* 8.2 (1.7)*

BMI (per 1 unit of increase)† 1.3 (0.07)* 1.3 (0.1)* 1.2 (0.1)*

R 2 0.30 0.30 0.31

*P�.001 for the independent association between hypertension prevalence and each factor after adjusting for the re-
maining factors.

†Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.

Table 5. Awareness, Treatment, and Control Among Participants With Hypertension in the
US Population, 1988-2000*

Prevalence, % (SE)
Change, 1988 to 2000

1988-1991
(n = 3045)

1991-1994
(n = 3017)

1999-2000
(n = 1565) % (95% CI) P Value

Awareness 69.2 (1.3) 67.8 (1.8) 68.9 (1.5) −0.3 (−4.2 to 3.6) .58
Treatment 52.4 (1.4) 52.0 (1.0) 58.4 (2.0) 6.0 (1.2 to 10.8) .007
Control

Among those treated 46.9 (2.2) 43.6 (1.7) 53.1 (2.4) 6.2 (0 to 12.6) .03
Among all with hypertension 24.6 (1.4) 22.7 (1.1) 31.0 (2.0) 6.4 (1.6 to 11.2) .004
�140/90 mm Hg

(Among treated
hypertensive diabetic
individuals)

53.1 (4.5) 41.6 (5.8)† 46.9 (4.7) −6.2 (−19.0 to 6.6) .83

�130/85 mm Hg
(Among treated
hypertensive diabetic
individuals)

28.5 (4.2) 17.2 (4.2)† 25.4 (4.0) −3.1 (−14.5 to 8.3) .70

Abbreviation: CI, confidence interval.
*Data are weighted to the US population.
†Estimates are unreliable because of National Health and Nutrition Examination Survey minimum sample size criteria

or coefficient of variation of at least 0.30.
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The observed increase in hyperten-
sion prevalence during the last 10 years
is in accordance with results from the
BRFSS.6 However, as expected, the
prevalence based on NHANES data is

higher because BP measurement was not
performed in the BRFSS survey. Our data
suggest that the increased prevalence is
not explained by an increased aware-
ness of hypertension. Potentially, the in-

creased prevalence may be related to an
increase in BMI as well as the aging of
the US population. Based on an analy-
sis of NHANES data, Flegal et al26 re-
cently reported an increase in preva-
lence of obesity during this same period.
Our analysis indicates that BMI was as-
sociated with higher hypertension preva-
lence after adjusting for age, sex, and
race/ethnicity and contributed to 2%—
more than half—of the 3.6% increase in
hypertension prevalence. Therefore, the
increased prevalence of hypertension be-
tween 1988-1991 and 1999-2000 ap-
pears to be partially related to but not
solely secondary to the increase in BMI.

Although awareness rates remained
unchanged, treatment and control rates
have each increased by approximately
6% between 1988 and 2000. In the lat-
est survey, treatment and control rates
of 58% and 31% are comparable with
rates observed in the Framingham data
between 1990 and 1995, in which 60.7%
of hypertensive patients were treated
and 29% had their hypertension con-
trolled.27 Furthermore, our analysis
shows that, compared with younger in-
dividuals with hypertension, older in-
dividuals with hypertension have a lower
rate of control despite being equally
likely to be treated. Although previous
studies have also shown that hyperten-
sion is less likely to be controlled in older
patients,27-30 this analysis demonstrates
that since 1988 the control rate in the
elderly population has minimally in-
creased and remains lower than in those
aged 40 to 59 years. We also observed
that Mexican Americans had lower rates
of awareness, treatment, and control
than non-Hispanic whites and non-
Hispanic blacks. This pattern persisted
between 1988 and 2000.

Women had a greater increase in hy-
pertension prevalence than men from
1988 to 2000, and in the 1999-2000 sur-
vey, hypertension prevalence was higher
in women aged 60 years or older than
in any other age or sex group. Other sur-
veys have suggested higher prevalence
of hypertension in elderly women. For
example, in the National Health Inter-
view Survey, 38% of women 65 to 74
years old reported hypertension com-

Table 6. Awareness, Treatment, and Control by Sex and Race/Ethnicity in the US Population,
1988-2000*

Sex and Race/Ethnicity

Prevalence, % (SE) Change, 1988 to 2000

1988-1991 1991-1994 1999-2000 % (95% CI) P Value

Awareness

Sex
Men 63.2 (2.2)� 60.1 (2.9)� 66.3 (2.4) 3.1 (−3.3 to 9.5) .17

Women 75.1 (1.4)� 73.6 (1.5)� 71.2 (2.2) −3.9 (−9.0 to 1.2) .93

Race/ethnicity
Non-Hispanic white 70.6 (1.4) 67.5 (1.8)† 69.5 (2.0) −1.1 (−5.9 to 3.7) .67

Non-Hispanic black 73.3 (1.6) 72.6 (1.6) 73.9 (2.7) 0.6 (−5.6 to 6.8) .42

Mexican American 54.4 (2.3)� 62.0 (4.0) 57.8 (3.6)§ 3.4 (−5.0 to 11.8) .21

Treatment

Sex
Men 44.5 (1.9)� 42.6 (1.8)� 54.3 (2.5)‡ 9.8 (7.2 to 23.4) �.001

Women 60.1 (1.5)� 60.0 (1.5)� 62.0 (2.3)‡ 1.9 (−3.5 to 7.3) .24

Race/ethnicity
Non-Hispanic white 53.9 (1.6) 51.9 (1.4) 60.1 (2.1) 6.2 (1.0 to 11.4) .009

Non-Hispanic black 55.8 (1.7) 56.4 (2.4) 63.0 (2.9) 7.2 (0.6 to 13.8) .02

Mexican American 34.1 (1.5)� 43.5 (0.2) 40.3 (3.4)� 6.2 (−1.1 to 13.5) .05

Control (All Treated)

Sex
Men 44.6 (2.6) 40.2 (3.7) 59.9 (3.2)§ 15.3 (7.2 to 23.4) �.001

Women 48.5 (3.3) 45.7 (2.8) 47.8 (3.0)§ −0.7 (−9.4 to 8.0) .26

Race/ethnicity
Non-Hispanic white 47.4 (2.5) 43.8 (2.3) 55.6 (2.7) 8.2 (1.0 to 15.4) .01

Non-Hispanic black 43.7 (3.0) 41.2 (2.4) 44.6 (3.6)‡ 0.9 (−8.3 to 10.1) .42

Mexican American 40.2 (4.4) 37.5 (1.9) 44.0 (4.7)‡ 3.8 (−8.8 to 16.4) .28

Control (All Hypertensive)

Sex
Men 19.9 (1.3)� 17.2 (1.9)§ 32.6 (2.4) 12.7 (7.4 to 18.0) �.001

Women 29.1 (2.3)� 27.4 (2.1)§ 29.6 (2.2) 0.5 (−5.7 to 6.7) .44

Race/ethnicity
Non-Hispanic white 25.6 (1.6) 22.7 (1.5)† 33.4 (2.1) 7.8 (2.6 to 13.0) .002

Non-Hispanic black 24.4 (1.6) 23.3 (2.0) 28.1 (2.6) 3.7 (−2.3 to 9.7) .11

Mexican American 13.7 (1.3)† 16.3 (2.3)‡ 17.7 (2.5)� 4.0 (−1.5 to 9.5) NA

Sex and race/ethnicity
Men

Non-Hispanic white 20.7 (1.5) 17.5 (2.3) 36.5 (3.0) 15.8 (9.3 to 22.3) �.001

Non-Hispanic black 19.8 (2.6) 15.4 (1.5) 26.5 (3.8)† 6.7 (−2.3 to 15.8) NA

Mexican American 10.2 (1.3) 14.9 (3.0) 13.1 (3.0)† 2.9 (−3.5 to 9.2) NA

Women
Non-Hispanic white 30.3 (2.6) 27.2 (2.6) 30.5 (2.9) 0.2 (−7.4 to 7.8) .48

Non-Hispanic black 28.3 (2.3) 28.8 (2.6) 29.4 (3.7) 1.1 (−7.4 to 9.6) .40

Mexican American 17.9 (2.5)† 18.0 (2.8)† 22.8 (4.1)† 4.9 (−4.5 to 14.3) NA
Abbreviations: CI, confidence interval; NA, not applicable due to unreliable data.
*Data are weighted to the US population.
†Estimates are unreliable because of National Health and Nutrition Examination Survey minimum sample size criteria

or coefficient of variation of at least 0.30.
‡P�.05 for the difference among groups within the same survey phase (Non-Hispanic whites as the referent for race/

ethnicity).
§P�.01 for the difference among groups within the same survey phase (Non-Hispanic whites as the referent for race/

ethnicity).
�P�.001 for the difference among groups within the same survey phase (Non-Hispanic whites as the referent for

race/ethnicity).
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pared with 31% of men in the same age
group.31 In the current analysis, de-
spite the increase in hypertension preva-
lence in women, awareness, treatment,
and control rates remained unchanged
from 1988 to 2000.

Lowering BP in patients with diabe-
tes and hypertension is associated with
decreases in cardiovascular events and
renal failure.32,33 Our analysis demon-
strates that in1999-2000,onlyonequar-
ter of diabetic participants receiving
antihypertensive drugs had their hyper-
tension controlled to the recom-
mended BP of less than 130/85 mm Hg.
In addition, between 1988 and 2000, the
hypertension control rate tended to
decline in diabetic participants based on
each of the 2 different BP target criteria,
althoughthesechangesdidnot reachsta-
tistical significance. With the increased
prevalence rate of diabetes mellitus
observed in this analysis, uncontrolled
hypertension with diabetes is an impor-
tant health problem in the United States.

The low control rates observed in this
analysis can be explained in part by lack
of awareness or treatment. However,
even in those who reported that they
were receiving hypertension medica-
tions, only 53% had hypertension con-
trolled to the recommended target. In
addition, recent analysis of the Framing-
hamHeartStudydemonstrated that con-
trol was only 33.7% at follow-up in a
cohort of participants with hyperten-
sion that was treated and uncontrolled
at baseline.34 Conceivably, different
health insurancecoveragemayaffectdif-
ferent age-related rates of hypertension
awareness and control and the effect of
age on race/ethnicity and sex differ-
ences.However,despiteuniversalhealth
insurance (Medicare) for those aged 65
yearsorolder,hypertensioncontrol rates
were lowest among individuals aged 60
years or older. Other reports have also
noted low hypertension control rates in
the elderly,28 in patients treated at a Vet-
erans Administration hospital,35 and in
inner-city African Americans,36 despite
availability and access to medical care.
These observations suggest that improv-
ing the health care system to better man-
age hypertension may improve BP con-

trol in the United States. In addition,
improving hypertension awareness
should result in improved treatment and
control rates.

Although measurements obtained at
a single point in time may overestimate
the prevalence of hypertension, this po-
tential problem was minimized by tak-
ing the average of 3 separate measure-
ments obtained under the same
standardized conditions in each of the
surveys. Other potential sources of bias

in the reported estimates of hyperten-
sion prevalence include possible BP con-
trol by nonpharmacological means (diet
and exercise), failure to sample home-
less or other unnumerated persons, pos-
sible differential response rates, and lack
of estimates for smaller racial/ethnic
groups. Also, this analysis depends on a
national survey that documents self-
reported medical history. Although this
method has been shown to be accurate
in estimating hypertension preva-

Figure 2. Overall Hypertension Control Rates in 1999-2000 by Age and Race/Ethnicity in
Men and Women
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Error bars indicate 95% confidence intervals. Data are weighted to the US population. For comparisons between
racial/ethnic groups (with non-Hispanic whites as the referent), P values are as follows: for Mexican Americans,
men aged 40 to 59 years, P�.001, men aged at least 60 years, P=.003, women aged 40 to 59 years, P=.002,
and women aged at least 60 years, P=.04; for non-Hispanic blacks, men aged 40 to 59 years, P=.02, men aged
at least 60 years, P=.51, women aged 40 to 59 years, P=.003, and women aged at least 60 years, P=.98.

Table 7. Awareness, Treatment, and Control by Age in the US Population, 1988-2000*

Age, y

Prevalence, % (SE) Change 1988 to 2000

1988-1991 1991-1994 1999-2000 % (95% CI) P Value

Awareness

18-39 61.5 (4.5) 49.1 (6.9)† 51.8 (5.8)† −9.7 (−24.1 to 4.7) NA

40-59 73.2 (2.4) 72.7 (3.3) 73.3 (2.8) 0.1 (−7.1 to 7.3) .49

�60 68.3 (1.3) 69.1 (1.6) 69.8 (1.9) 1.5 (−3.0 to 6.0) .26

Treatment

18-39 34.1 (5.4) 24.8 (3.5)† 27.7 (5.3)† −6.4 (−21.2 to 8.4) NA

40-59 53.9 (2.7) 54.2 (2.4) 62.9 (3.1) 9.0 (0.9 to 17.1) .01

�60 55.1 (1.2) 56.7 (1.6) 62.7 (2.0) 7.6 (−4.5 to 10.3) .006

Control (All Treated)

18-39 61.5 (7.2)† 70.2 (7.4)† 51.9 (11.5)† −9.6 (−36.2 to 17.0) NA

40-59 53.7 (3.4)‡ 54.2 (3.6)‡ 66.4 (3.7)§ 12.7 (2.9 to 22.5) .006

�60 40.8 (2.8) 35.2 (2.2) 43.7 (2.5) 2.9 (−4.5 to 10.3) .22

Control (All Hypertensive)

18-39 21.0 (5.2) 17.4 (3.1)† 14.4 (4.3)† −6.6 (−19.8 to 6.6) NA

40-59 28.9 (2.4) 29.4 (2.4)‡ 41.6 (3.2)§ 12.7 (4.9 to 20.5) �.001

�60 22.5 (1.7) 20.0 (1.6) 27.4 (1.8) 4.9 (0 to 9.8) .02
Abbreviations: CI, confidence interval; NA, not applicable due to unreliable data.
*Data are weighted to the US population.
†Estimates are unreliable because of National Health and Nutrition Examination Survey minimum sample size criteria or

coefficient of variation of at least 0.30.
‡P�.01 for the difference among groups within the same survey (age �60 years as the referent).
§P�.001 for the difference among groups within the same survey (age �60 years as the referent).
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lence,37 limitations exist. Participants
who report inaccurately that they are not
receiving antihypertensive medications
or who cannot recall if their physician
has ever told them that they have hyper-
tension are considered nonhyperten-
sive or unaware of their disease. Also,
participants who have been told that they
have hypertension but are not receiv-
ing medications and have BP below the
140/90 mm Hg cut points are not
counted as hypertensive. In addition, in
this survey, medication use or type was
not confirmed, which can lead to mis-
classification. For example, partici-
pants may have been using medications
that lower BP for another indication.

Despite progress in treatment and
control, hypertension remains an im-
portant public health problem, and our
analysis of the NHANES data has sig-
nificant public health implications. The
increase in hypertension prevalence in
women, non-Hispanic blacks, and older
individuals highlights the need for in-
terventions that would target preven-
tion in these groups. Even greater
strides will need to be made, as the im-
portance of reducing BP with healthy
lifestyle interventions in prehyperten-
sive individuals in the general popula-
tion (BP of 120-129/80-89 mm Hg) has
recently been emphasized, and the tar-
get BP goal for antihypertensive therapy
in diabetic individuals has been low-
ered to less than 130/80 mm Hg.38 In
addition, improving hypertension treat-
ment and control in women, the older
population, Mexican Americans, and
diabetic individuals will have a signifi-
cant impact on overall control rates,
which would be translated into im-
proved cardiovascular outcomes. Al-
though control rates have improved
since 1988, these rates remain unac-
ceptably low. If the increase in hyper-
tension control rates remains at the
current pace, the 50% target for hyper-
tension control by 2010 will not be met.
Programs targeting hypertension pre-
vention to achieve the 16% target for
hypertension prevalence by 2010 and
improving awareness and treatment are
of utmost importance for the health of
the US population.
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