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Clinicians tend to focus on diastolic blood pressure
(DBP), rather than systolic blood pressure (SBP), to
identify and treat hypertension. The authors used
data from the National Health and Nutrition Ex-
amination Survey (NHANES III, 1988–1994) 
Mobile Examination Center to examine the distrib-
utions of SBP and DBP in treated and untreated in-
dividuals with hypertension. We identified the
percentage of the hypertensive population with SBP
controlled to <140 mm Hg and the percentage with
DBP controlled to <90 mm Hg, stratified by treat-
ment status, gender, race, and ethnicity. Individuals
were classified as having hypertension if they had
SBP of >140 mm Hg or DBP of >90 mm Hg, or if
they were taking medication for hypertension. A
weighted analysis was performed to project the re-
sults to the entire U.S. population from 1988–1994;
these totals were further estimated for the year
2000 by extrapolation. For men, women, whites,
African Americans, and Hispanics, SBP control
rates were uniformly poorer than DBP control
rates. The difference persisted when subgroups
were categorized according to treatment status. The
disparity in SBP and DBP control rates was espe-
cially great for women: only 50% of treated white
women with hypertension had SBP control, but

92% had DBP control. The prevalence of isolated
systolic hypertension was greater than 50% among
all individuals with hypertension in the 55–60-year
age group and increased with age thereafter. A
greater emphasis on SBP is needed to improve pop-
ulation blood pressure control. (J Clin Hypertens.
2001;3:211–216). ©2001 Le Jacq Communications, Inc.

BACKGROUND
Hypertension is an important health problem 
in the United States for nearly 50 million Amer-
icans.1 Although hypertension control in North
America, Western Europe, Japan, and Australia
has improved dramatically since 1950,2–4 an 
extremely large proportion of the population is
still in need of better care. Despite the availabil-
ity of effective antihypertensive treatments,
many patients diagnosed with hypertension 
remain uncontrolled and at increased risk 
for stroke, atherosclerosis, ischemic heart dis-
ease, congestive heart failure, and chronic renal
failure.2,5,6

Recent analyses of the National Health and
Nutrition Examination Survey (NHANES III) re-
vealed that the most common type of uncontrolled
hypertension was isolated systolic hypertension,7,8

which is consistent with data from other trials.9–17

In a recent Framingham analysis,16 systolic blood
pressure (SBP) was controlled significantly less
well than diastolic blood pressure (DBP) (49%
SBP vs. 89.7% DBP). These findings are relevant
because of the relationship between blood pres-
sure and cardiovascular disease risk18–21 and the
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growing awareness that SBP may be a better mea-
sure of cardiovascular disease risk than DBP.22–25

The current analysis expands on the work of
our group8 by further examining the distributions
of SBP and DBP in the NHANES III study. SBP
and DBP control rates were examined in relation
to gender, ethnicity, race, and treatment status.
We sought to provide a perspective on the scope
of the SBP problem and its likely relevance to a
wide range of clinical practices.

METHODS
Study Population
NHANES III, sponsored by the National Center
for Health Statistics, was designed to provide esti-
mates of common, chronic conditions and associ-
ated risk factors for a representative sample of the
civilian, non-institutionalized population of the
United States.5,6 The adult blood pressure component
of NHANES III was designed to provide estimates of
the prevalence, awareness, treatment, and control of
hypertension in the general population. A national
sample of 19,661 adults 18 years of age or older
agreed to be interviewed in their homes and to
have an extensive medical examination at a mo-
bile examination center. 

Blood Pressure Measurements
At the end of the interview, the participant’s blood
pressure was measured three times. A physician
obtained a second set of blood pressure measure-
ments during a subsequent medical examination.
In both settings, blood pressures were measured
with the participant in the sitting position after 5
minutes of rest. A standard mercury sphygmo-
manometer was used, and one of four cuff sizes
was chosen based on the circumference of the par-
ticipant’s arm. All observers were trained to
record the DBP at the disappearance of the last
sound. The maximum inflation level was determined
before the first blood pressure measurement, with at
least a 30-second interval between each cuff inflation.
All six blood pressure readings were available for
78.2% of participants; three of six readings were
available for an additional 17.6% of participants; and
partial data were obtained on one or two occasions
for 1.6% of participants. The mean of the available
blood pressures1–6 was used for all analyses presented.

Definition of Variables
Hypertension was defined as mean SBP of ≥140
mm Hg, mean DBP of ≥90 mm Hg, or current
treatment for hypertension with prescription med-
ication. Hypertension treatment was defined as
use of prescription medication for high blood

pressure at the time of the interview. SBP control
was defined as SBP of <140 mm Hg (irrespective
of DBP), and DBP control was defined as DBP of
<90 mm Hg (irrespective of SBP). Overall hyper-
tension control was defined as the simultaneous
presence of SBP of <140 mm Hg and DBP of <90
mm Hg, consistent with targets from the Sixth Re-
port of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC VI).2 Isolated systolic
hypertension (ISH) was defined as SBP of ≥140
mm Hg and DBP of <90 mm Hg. Awareness of
hypertension was determined by interviews with
untreated hypertensive participants only.

Study Design
The NHANES III data were analyzed for means,
medians, and standard deviations of SBP and DBP
in the overall population of individuals with hyper-
tension. The prevalence of ISH (among individuals
with hypertension) was examined for age groups in
5-year strata. Awareness, treatment, and control
were examined for age groups in 10-year strata. Dif-
ferences in SBP and DBP control rates were obtained
for treated and untreated individuals grouped ac-
cording to gender and race or ethnicity. 

Statistical Analysis 
A weighted analysis was performed to assess hy-
pertension parameters among the entire adult
civilian, non-institutionalized, 1988–1994 popu-
lation of the United States. These totals were fur-
ther extrapolated for the year 2000 population.
Estimates were weighted and adjusted to reduce
bias from nonresponse at the interview stage.
Since the design of NHANES III was a multistage
probability sample, conventional statistical
analyses with underlying distributional assump-
tions were inappropriate for variance estimation.
The SUDAAN software (Research Triangle Insti-
tute, Cary, NC)26 PROC DESCRIPT® was used
to compute Taylor series standard deviations for
survey data. All other analyses were performed
with SAS© statistical software (SAS Corp., Cary,
NC).27

RESULTS
Based on NHANES III data, 42.7 million adult
Americans, or 24% of the adjusted adult U.S. pop-
ulation, were projected to have hypertension in the
period 1988–1994. For the year 2000 U.S. adult
population of 205.4 million,28 there were a project-
ed 49.3 million individuals with hypertension, ap-
proximately one half being men and one half being
women. The systolic and diastolic blood pressures

THE JOURNAL OF CLINICAL HYPERTENSION VOL. III  NO. IV  JULY/AUGUST 2001212



of the hypertensive individuals from the NHANES
interviews are presented in Figure 1.

The majority of individuals with hypertension
have SBP of >140 mm Hg and DBP of <90 mm
Hg. In 1988–1994, over 28 million people had a
SBP of >140 mm Hg, whereas only 11.4 million
had a DBP of >90 mm Hg. This extrapolates to
32.3 million with uncontrolled SBP and 13.2 mil-
lion with uncontrolled DBP in the year 2000. The
1988–1994 numbers are the basis for the overall
SBP and DBP control rates previously published
by our group: SBP was controlled in only 34%,
whereas DBP was controlled in 73%.8

The distribution of SBP in the population with
hypertension is presented in Figure 2. The median
SBP was 146 mm Hg, the mean SBP was 147.7 mm
Hg, and the standard deviation was 8.4 mm Hg.
Thus, the mean SBP was almost one standard devi-
ation above the target SBP goal of 140 mm Hg.

The distribution of DBP in the population with
hypertension is presented in Figure 3. The median
DBP was 81 mm Hg, the mean DBP was 80.8 mm
Hg, and the standard deviation was 12.1 mm Hg.
Thus, the mean DBP was nearly one standard de-
viation below the target DBP of 90 mm Hg.

Figure 4 shows the prevalence of ISH among
individuals with hypertension in 5-year age strata.
ISH prevalence increased from 25% in 45–50-
year-old hypertensive patients to over 90% in
those aged 70 and above. It reached more than
50% by age 55–60.

In the Table, SBP and DBP control rates are pre-
sented for individuals with hypertension grouped
according to gender and race or ethnicity. The re-
sults are further divided according to treatment
status. SBP control rates were uniformly lower
than DBP control rates for all participant groups

and were consistently lower in untreated women
than untreated men. Only 50% of treated white
women with hypertension had SBP control, where-
as 90% had DBP control. Treated white men and
women had higher control rates for both SBP and
DBP than either African Americans or Hispanics.

Awareness, treatment, and control are present-
ed according to age in Figure 5. All three measures
reached a plateau at approximately age 60–69 and
fell thereafter in this elderly population, and there
was a predominance of ISH (Fig. 4). The elderly
hypertensive population was also predominantly
female. 

DISCUSSION
SBP control rates were lower than DBP control
rates in a variety of patient groups. Clinical prac-
tices differ broadly from one geographic region to
another, but the low control rate of systolic hyper-
tension is relevant to both genders and all racial
and ethnic groups examined in this study. These
results suggest that the majority of physicians who
treat middle-aged or elderly patients with hyper-
tension face the same problem: control of systolic
hypertension, with ISH as a major challenge.

Reviews of previous clinical studies confirm poor
SBP as compared to DBP control rates. This appears
evident in the Hypertension Optimal Treatment
(HOT), Antihypertensive and Lipid Lowering treat-
ment to prevent Heart Attack Trial (ALLHAT), and
Controlled Onset Verapamil Investigation of Car-
diovascular Endpoints (CONVINCE) trials.22–24 In
the HOT study, DBP was below the 90 mm Hg goal
in 91.7% of all participants and the mean DBPs
were 85.2, 83.2, and 81.1 mm Hg in the three target
groups, or 5–9 mm Hg below the JNC VI guide-
lines. In contrast, the mean SBPs were 143.7, 141.4,
and 139.7 mm Hg, respectively, in the three target
groups. Assuming that SBP is normally distributed,
this suggests that fewer than one half of HOT pa-
tients achieved SBP control, whereas the vast major-
ity had DBP control. Similarly, in the ALLHAT24
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Figure 1. Systolic and diastolic blood pressure levels in
the U.S. hypertensive population30

Figure 2. Systolic blood pressure of individuals with hy-
pertension.30 Reprinted with permission from J Hyper-
tens. 1999;17(suppl 3):S188.



and CONVINCE23 studies, DBP control rates were
close to 90%, while SBP control rates were only
about 60%. 

Studies of clinical practice have also yielded
data consistent with the NHANES III findings.
Berlowitz et al.10 found mean SBP and DBP lev-
els similar to those in NHANES III in their Vet-
erans Administration population.10 In their
model of physician practice patterns, DBP was a
stronger predictor than SBP of physician action
to intensify treatment. 

Alexander et al.11 studied patients within a
large health maintenance organization and found
that approximately 70% of patients with hyper-
tension had good DBP control but fewer than
40% had an SBP of <140 mm Hg. SBP control
rates were lower than DBP control rates in both
younger (under 65) and older age groups. The
DBP control rate was 63.4% for those under 65
and 82.8% for those 65 years or older, whereas
SBP control was 40% for those under 65 and only
26.4% for those aged 65 or older. 

Paramore et al.12 also found SBP to be less well
controlled than DBP in a large managed care group.
In 54% of visits, patients had SBP above the JNC VI
target of 140 mm Hg, while DBP was above the tar-
get level of 90 mm Hg in only 26% of visits. Over a
1-year time horizon, 41.5% of patients had at least
one visit at which SBP was above 160 mm Hg.

Hyman et al.13 surveyed 1200 primary care
physicians on their blood pressure treatment thresh-
olds and found that thresholds for treating SBP were
not as strict as those for treating DBP. For middle-
aged patients with uncomplicated hypertension,
33% of physicians would not start drug therapy
until DBP was greater than 95 mm Hg, whereas
43% would not initiate drug therapy unless SBP was
greater than 160 mm Hg. For patients on drug ther-
apy, 25% of physicians would not increase drug
therapy with a DBP of 94 mm Hg, and 33% would
not increase drug therapy for an SBP of 158 mm Hg. 

Oliveria et al.14 surveyed physicians on their
practices and examined medical records of pa-
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Figure 3. Diastolic blood pressure of individuals with
hypertension30

Figure 4. Prevalence of isolated systolic hypertension
(ISH) by age in the U.S., 1988–1994.30 Reprinted with
permission from J Hypertens. 1999;17(suppl 3):S188.

Table. Percent of SBP and DBP Controlled by Race/Ethnicity, Gender, and Treatment Status 

PERCENT WITH SBP PERCENT WITH DBP
CONTROLLED CONTROLLED

TREATED UNTREATED TREATED UNTREATED

Females 
White 50 6 92 80 
African American 48 17 82 51 
Hispanic 40 10 85 73  

Males 
White 49 25 80 51 
African American 47 31 71 35 
Hispanic 45 32 70 42 

SBP=systolic blood pressure; DBP=diastolic blood pressure



tients who had uncontrolled hypertension for 6
months. SBP control rates (7%) were lower than
DBP control rates (77.9%). Pharmacologic thera-
py was initiated or changed at only 38% of visits.
The most frequently cited reason for inaction was
related to the physicians being satisfied with the
blood pressure level. Physicians reported that they
had less aggressive treatment thresholds for SBP
than for DBP.

The RAND Corporation15 developed a quality
of care measurement system and evaluated it in
medical records of women with hypertension in a
west coast health plan. Only 37% of hypertensive
patients with persistent elevations of >160/90 mm
Hg had documentation of any changes in therapy
or any recommendation for lifestyle modifications
in the medical record. In this study, lower compli-
ance with quality indicators was associated with
worse blood pressure control. 

Although part of the problem with low SBP
control rates may be lack of access to care or lack
of treatment, these studies point to a significant
problem in physician practices, with failure to step
up therapy and a tendency to treat DBP instead of
SBP. This is consistent with the data in the Table,
which show low SBP control rates even among
treated patients.

In terms of improving SBP control, target popula-
tions may include women and the elderly. The dis-
parity of SBP and DBP control rates is greatest for
women. Older patients have a much greater preva-
lence of ISH. Among elderly individuals, women
outnumber men. National guidelines recommend
aggressive treatment of SBP, but studies like those of
Oliveria et al.14 suggest that national guidelines have
not yet sufficiently changed physician practice.
O’Connor et al.9 also suggest that implementing hy-
pertension guidelines, with identification, tracking,
and active outreach to patients can lead to signifi-
cantly improved hypertension control.

Both the elderly and the middle-aged are im-
portant target populations for treating ISH. In
NHANES III, more than one half of hypertensive
individuals between ages 55 and 60 have ISH.
Lower prevalence figures may have been reported
in the past, as prior definitions of ISH were limit-
ed to SBP of >160 mm Hg and DBP of <90 mm
Hg. However, even borderline ISH is associated
with an approximate doubling of cardiovascular
risk in women,29 and guidelines recommend that
it be treated.

CONCLUSIONS
In NHANES III, SBP control rates were uniformly
worse than DBP control rates. This was true irre-
spective of gender, race, ethnicity, or treatment
status. The prevalence of ISH was greater than
50% among all individuals with hypertension 
in the 55–60-year age group and increased with 
age thereafter. A greater emphasis on SBP is 
clearly needed to improve population blood pres-
sure control.
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