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Chart reviews were conducted at 28 US physician
practices to evaluate blood pressure (BP) manage-
ment. The cross-sectional study included 8250
adult patients diagnosed with hypertension. The
primary outcome variable was BP control (BP
<140 ⁄ 90 mm Hg for nondiabetic and
<130 ⁄ 80 mm Hg for diabetic patients). Mean
body mass index was 30.9 kg ⁄ m2, 49% were
obese, 54% were women, mean age was 64.9
years, and 25% had diabetes. Mean BP was
132.2 ⁄ 77.8 mm Hg, and 55.8% of study
participants had controlled BP. Patients with
uncontrolled BP were more likely to be obese or
African American, and more than twice as likely
to have diabetes. Almost 1 in 5 nondiabetic
patients (18%), and 38% of diabetic patients,
were above goal BP by >10 mm Hg systolic or
>5 mm Hg diastolic; among these patients, 36%
used 0 or 1 antihypertensive medication, and
32% used 2 medications. Opportunity exists to

improve BP control in this population. J Clin
Hypertens (Greenwich). 2010; 12:603–612. ª2010
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The Seventh Report of the Joint National
Committee on Prevention, Detection, Evalua-

tion, and Treatment of High Blood Pressure (JNC
7) recommends that all hypertensive nondiabetic
patients should be treated to blood pressure (BP)
<140 ⁄ 90 mm Hg, and that all diabetic patients
should be treated to BP <130 ⁄ 80 mm Hg.1

Recent data from the National Health and Nutri-
tion Examination Survey (NHANES) suggests
that among all hypertensive patients, about half
(53.7%) are treated with antihypertensive medi-
cation, and only 57% of all treated patients have
controlled BP2 according to JNC 7 criteria.
Among treated diabetic hypertensive patients,
only 38% are controlled to BP <130 ⁄ 80 mm Hg.
These estimates are somewhat lower than
Healthy People 2010 goals for BP control targets
among treated hypertensive persons (68% con-
trolled to BP <140 ⁄ 90 mm Hg).3 Several patient
and provider factors may contribute to lack of BP
control in medication-treated patients, including
patient adherence to prescribed antihypertensive
medication regimen and diet and exercise recom-
mendations and failure of providers to intensify
prescribed medication regimens when warran-
ted based on elevated BP (‘‘clinical inertia’’).
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Evidence of clinical inertia in usual-care settings
has been documented in hypertension,4–7 as well
as other chronic diseases, such as diabetes.8,9

The objective of our study was to determine the
proportion of patients with controlled BP among a
sample of diabetic and nondiabetic hypertensive
patients from physician practices across the United
States. We also sought to evaluate the relationship
between clinical, demographic, and treatment char-
acteristics and the probability of BP control, and to
examine current hypertension management prac-
tices across the United States.

METHODS
This study was a cross-sectional, retrospective chart
review conducted among 28 practices across the
United States. Participating sites varied in size,
ranging from 1 to >100 physicians employed by
the practice. Study sites were located across the
continental United States, with a concentration in
the Southern United States (50%) as compared to
the Western (18%), Midwestern (18%), or North-
eastern (14%) census regions of the United States.
Study data were collected between November 2007
and September 2008 at the point-of-care via data
entry by study investigators at each participating
site using a Web-based application. Requirements
for site enrollment included an interest in study
participation, capability to abstract required data
elements, and an adult hypertensive patient popula-
tion of sufficient size to allow a random sample of
at least 150 patients.

Each study site identified their patient population
aged 18 years or older with a documented diagno-
sis of hypertension (International Classification of
Diseases, Ninth Revision [ICD-9] code of 401.x or
clinical diagnosis from chart) in the patient medical
record at any time during the previous year. The
final study sample thus included both newly- and
previously-diagnosed hypertensive patients. Eligible
patients were required to have at least 1 year of
visit history with the practice site. Patients without
a diagnosis of hypertension and pregnant women
were also excluded from study eligibility. Participat-
ing practices selected a random sample of 150–300
patients from the population meeting study eligibil-
ity requirements, using randomized number lists
applied to the entire sample of eligible potential
study subjects.

A secure Web-based data collection form was
designed for use in this study. Information obtained
included patient demographic information, such as
age, sex, and racial ⁄ethnic background; information
about specific risk factors, such as body mass index

(BMI; calculated using inputted height and weight),
smoking status, and documentation of lifestyle
modification counseling (such as weight reduction,
dietary changes, increased physical activity); current
antihypertensive medication regimen; total number
of different medications used daily for all nonacute
conditions; and the specialty of the treating physi-
cian. Specific cardiovascular-related, comorbid con-
ditions documented in the patient record were
identified, including coronary artery disease (CAD)
without myocardial infarction (MI), MI, diabetes,
hyperlipidemia, renal disease, heart failure, and
cerebrovascular accident ⁄ transient ischemic attack
based on the presence of either corresponding ICD-
9 codes or documentation of clinical diagnosis in
the patient’s medical record. A composite endpoint
of ‘‘cardiovascular disease’’ was defined as the pres-
ence of heart failure, CAD without MI, and ⁄or MI.
The primary outcome variable in this study was BP
control, which was defined as BP <140 ⁄90 mm Hg
for nondiabetic patients, and <130 ⁄80 mm Hg for
diabetic patients, based on each patient’s most
recent BP measurement. JNC 7 classifications were
also used to categorize patients based on BP as nor-
mal BP (systolic BP [SBP] <120 mm Hg and dia-
stolic BP [DBP] <80 mm Hg), prehypertensive
(SBP 120–139 mm Hg or DBP 80–89 mm Hg),
stage I hypertension (SBP 140–159 mm Hg or DBP
90–99 mm Hg), or stage II hypertension (SBP
>159 mm Hg or DBP >99 mm Hg).1 Obesity was
defined as a body mass index (BMI) �30 kg ⁄m2. In
addition, the BP measurement for the visit immedi-
ately preceding this most recent BP assessment was
obtained. If multiple BP measurements were per-
formed on the same date, study investigators were
instructed to record the average of these measure-
ments; however, if different measurement tech-
niques were recorded, such as standing, sitting,
and ⁄or supine, investigators were asked to record
the sitting BP measurement for study purposes.

Prior to beginning data collection, a training ses-
sion was conducted with investigators at each site.
During the training session, abstraction instructions
were provided for each specific data element, and
questions related to specific items were answered at
that time as per the study protocol. Investigators
received a study guide that included a copy of the
study protocol describing the study objectives and
the data elements to be collected. Furthermore, the
study guide contained detailed descriptions of each
data element, instructions for abstracting the ele-
ment from the patient medical record, and com-
ments for each element to assist sites in answering
any questions they may have regarding that data

THE JOURNAL OF CLINICAL HYPERTENSION VOL. 12 NO. 8 AUGUST 2010604



element. The study was approved and monitored
by the New England Institutional Review Board
(Wellesley, MA).

Statistical Methods
Univariate descriptive statistics were calculated for
all study variables, including means and standard
deviations for continuous variables, and frequency
distributions for categorical variables. Bivariate
analyses were performed for key study variables
using t-tests and analysis of variance for continuous
variables, and the chi-square test for categorical
variables. Multivariate logistic regression analysis
was used to assess the impact of independent vari-
ables, such as age, sex, diabetes status, and BMI,
on the probability of BP control. Variables included
in the final model were selected based on both clin-
ical relevance and the results of bivariate analyses.
Spline regression techniques, and associated 95%
confidence intervals, were used to examine the rela-
tionship between the number of antihypertensive
medications and BP control, adjusting for covari-
ates. Several study variables were unavailable for a
proportion of the study cohort (including BMI,
22%; race ⁄ethnicity, 34%; and smoking status,
20%). A comparison of the study population miss-
ing specific data elements vs those not missing each
element was conducted, and regressions using
cohorts with and without missing data showed no
clinically relevant differences in outcome. Missing
values were thus assessed as a distinct category in
the statistical analyses. Intraclass correlation coeffi-
cients were calculated to evaluate clustering of both
SBP and DBP within physicians and within prac-
tices. Logistic regression was performed with physi-
cian clustering and without. Since the models
which included clustering revealed little or no
impact of clustering on odds ratio estimates, final
regression models did not include adjustment for
clustering. SAS version 8.2 and SPSS version 16.0
(SPSS Inc, Chicago, IL) were used for all study
analyses.

RESULTS
Overall, among the 28 practice sites represented in
our study, 8250 patients were included in the final
study population. Patient clinical and demographic
characteristics are shown in Table I. More than
half (53.6%) of the study population was female,
and mean patient age was 64.9 (standard deviation
[SD] � 14.0 years). Women in the sample tended
to be older (mean age = 66.4 vs 63.0 years for
men, P<.001); 54.8% of women were aged
65 years or older, compared to 46.4% of men.

About half (47.4%) were Caucasian, 13.2% were
African American, and 5.0% were Hispanic; infor-
mation about racial ⁄ethnic background was not
available for 33.8% of the sample. Overall, 11.3%
of study patients were current smokers, while
19.6% were past smokers. Men were more likely
than women to report being a current (13.5% vs
9.4%, P<.001) or past smoker (25.3% vs 14.8%,
P<.001). Mean BMI overall was 30.9 kg ⁄m2,
and 48.7% were classified as ‘‘obese’’ (BMI
�30 kg ⁄m2). Obesity rates were similar by sex, but
men were more likely to have diabetes or dyslipide-
mia. About 6 in 10 patients (59%) had documenta-
tion of lifestyle modification counseling in their
medical record; obese patients were more likely to
receive lifestyle modification counseling as com-
pared to nonobese patients (66% vs 55%,
P<.001).

Study participants averaged 1.2 comorbid car-
diovascular-related conditions. Almost 3 in every 5
hypertensive patients (58.7%) also had dyslipide-
mia, 24.6% had diabetes, 13.8% CAD without
MI, 7.1% had renal disease, 5.2% a cerebrovascu-
lar accident or transient ischemic attack, 4.3%
heart failure, and 2.3% had a prior MI. Overall,
15.2% of study participants had heart disease.
Compared to women, men were more likely to
have diabetes (27.2% vs 22.3%, P<.001), CAD
without MI (16.9% vs 11.2%, P<.001), and dysli-
pidemia (63.6% vs 54.6%, P<.001). Patients aver-
aged 5.5 (SD + 3.6) prescription medications for
chronic conditions; diabetic patients were pre-
scribed a higher number of chronic medications
than nondiabetic patients (7.4 vs 4.9, P<.001).
About one-third (35.3%) of patients were treated
by a family physician, 49.6% by an internist, and
14.1% by a cardiologist.

Mean BP at the most recent measurement was
132.2 ⁄77.8 mm Hg, and 132.8 ⁄78.4 mm Hg at the
prior measurement (Table I). Overall, 55.8% of
study participants had BP controlled to goal at the
most recent measurement, and 54.3% had BP con-
trolled at the prior measurement (Table II). The
average duration between most recent and prior
BP measurements for study participants was
3.5 months (SD � 4.3). However, among patients
who did not have controlled BP at the prior mea-
surement, the mean time to the next BP measure-
ment was 3.3 months (SD + 4.1), as compared to
3.7 months (SD + 4.4) for patients with controlled
BP at the prior measurement (P<.001), indicating
that overall, patients who were not at BP goal had
their next visit, on average, almost 2 weeks earlier
than patients who were at BP goal at the previous
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visit. Among nondiabetic hypertensive patients,
two-thirds (63.3%) had controlled BP, while only
one-third (33.1%) of diabetic hypertensive patients
had controlled BP. Stratification of study partici-
pants into JNC 7 classifications, based on the most
recent BP measurement, indicated that 15.4% of
participants had normal BP, 48.3% were prehyper-
tensive, 27.2% had stage I hypertension, and 9.1%
had stage II hypertension.

Table II includes a comparison of characteristics
for patients with controlled vs uncontrolled BP. As
compared to patients with controlled BP, patients
with uncontrolled BP were more likely to be obese,
more than twice as likely to have diabetes, and
more likely to be African American.

Control rates for individual practice sites ranged
from 32% to 78% (Figure 1). The intraclass corre-
lation coefficient for provider for SBP was 0.08,
and for DBP the intraclass correlation coefficient
was 0.14. The intraclass correlation coefficient for
practice site for SBP was 0.05, and for DBP the
intraclass correlation coefficient was 0.11. Partici-
pating practice sites were ranked in order of total
proportion of patients with controlled BP, and the
relationship of practice-level BP control and patient
and provider characteristics is included in Table III.
Practices with the lowest proportion of patients
with controlled BP had the highest proportion of
African-American patients. At a practice level, the
proportion with controlled BP tended to decrease

Table I. Study Population Demographic and Clinical Characteristics

Men (n=3744, 45.4%) Women (n=4418, 53.6%) Total (N=8250)

Age in years (mean, SD) 63.0 (13.5) 66.4 (14.2) 64.9 (14.0)a

Age groups, %a

18–34 y 2.0 1.4 1.7
35–44 y 6.9 5.2 6.0

45–54 y 17.8 14.4 16.0
55–64 y 26.9 24.2 25.4
65–74 y 25.3 23.1 24.1
>74 y 21.1 31.7 26.9

Racial ⁄ ethnic background, %b

Caucasian 49.0 46.0 47.4
African American 11.5 14.7 13.2

Hispanic 5.2 4.9 5.0
Unknown ⁄ not documented 33.7 33.9 33.8

BMI (kg ⁄ m2 mean, SD) 31.4 (6.3) 30.7 (7.5) 30.9 (7.0)

Obesity, % 49.8 47.7 48.7
Current smokers, % 13.5 9.4 11.3a

Comorbid cardiovascular-related
conditions, %

CHF 3.9 4.7 4.3
CAD without MI 16.9 11.2 13.8a

CVA ⁄ TIA ⁄ carotid stenosis 5.2 5.1 5.2

Diabetes 27.2 22.3 24.6a

Dyslipidemia 63.6 54.6 58.7a

Renal disease ⁄ insufficiency 7.5 6.8 7.1

Myocardial infarction 2.7 1.9 2.3b

Total number of medications for all
chronic conditions (mean, SD)

5.2 (3.4) 5.8 (3.7) 5.5a (3.6)

BP: most recent measurement in mm

Hg (mean, SD)

131.9 ⁄ 78.6 (16.7 ⁄ 11.0) 132.5 ⁄ 77.2 (16.8 ⁄ 10.6) 132.2 ⁄ 77.8a (16.7 ⁄ 10.8)

BP: prior measurement in mm
Hg (mean, SD)

131.9 ⁄ 79.1 (16.7 ⁄ 11.3) 133.6 ⁄ 77.8 (17.4 ⁄ 10.9) 132.8a ⁄ 78.4a (17.1 ⁄ 11.1)

Abbreviations: BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CHF, congestive heart failure; CVA,
cerebrovascular accident; MI, myocardial infarction; SD, standard deviation; TIA, transient ischemic attack. aDenotes that the
difference between men and women is statistically significant to P<.001. bDenotes that the difference between men and women

is statistically significant to P<.05.
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with increasing diabetes prevalence. At a geographi-
cal region level, relative to other practices, partici-
pating practices located in the Western United
States tended to have lower proportions of patients
controlled, while participating practices from the
Midwest tended to have higher proportions with
controlled BP. Practices in the highest BP control

category had a higher mean number of antihyper-
tensive medication classes per patient as compared
to other BP control categories (P<.001, all compar-
isons). Overall, 93.1% of the hypertensive patient
population was treated with an antihypertensive
medication. Approximately 31% of patients rece-
ived antihypertensive monotherapy, while 35%
received combination therapy with 2 different clas-
ses of antihypertensive medication (Table II). About
27% of combination therapy patients used a com-
bination regimen comprised of 3 or more antihy-
pertensive medication classes. Mean number of
antihypertensive medications used by study partici-
pants was 1.9 (SD � 1.1). Patients classified as hav-
ing either a normal BP or stage II hypertension,
according to JNC 7 classification, were prescribed a
mean of 2.0 (�1.2) and 2.1 (�1.2) antihypertensive
medication classes, respectively; both categories of
patients were prescribed significantly more antihy-
pertensive medications than either prehypertensive
patients (mean = 1.9, SD = 1.1) or stage I hyperten-
sive patients (mean = 1.9, SD = 1.1) (P<.01, all

Table II. Clinical and Demographic Characteristics by BP Control Status Based on Most Recent BP Measurement

BP Controlled
a

(n=4606, 55.8%)

BP Uncontrolled
a

(n=3644, 44.2%)

Total

(N=8250)

Age in years (mean, SD) 65.2 (14.0) 64.4 (14.0) 64.9 (14.0)c

Female, % 55.4 52.6 53.6c

Obese, % 43.9 54.6 48.7d

With diabetes, % 14.6 37.3 24.6d

Total number of medications for
all chronic conditions (mean, SD)

5.5 (3.5) 5.6 (3.6) 5.5 (3.6)

Race ⁄ ethnicityb,d

Caucasian, % 77.7 63.7 71.6
African American, % 14.4 27.0 19.9
Hispanic, % 7.0 8.3 7.6

Physician specialty, %
Family practice 34.5 33.9 34.2
Internal medicine 51.1 52.8 51.9

Cardiology 14.1 13.0 13.6
Other ⁄ not available 0.3 0.2 0.3

Antihypertensive medication use, %d

No antihypertensive medication 6.7 7.3 6.9

Monotherapy 32.2 30.3 31.3
Combination therapy, 2
antihypertensive classes

36.3 32.7 34.7

Combination therapy, >2
antihypertensive classes

24.8 29.7 27.0

Number of antihypertensive

medication classes (mean, SD)

1.9 (0.1) 2.0 (1.2) 1.9 (1.1)c

Abbreviations: BP, blood pressure; SD, standard deviation. aBP control based on most recent BP measurement, and defined as
<140 ⁄ 90 mm Hg for non-diabetic patients, and <130 ⁄ 80 mm Hg for diabetic patients. bRace ⁄ ethnicity percentages calculated
based on denominator of patients with non-missing data for racial ⁄ ethnic background (n=5422). cDenotes statistical significance

at P<.02. dDenotes statistical significance at P<.001.

Figure 1. Comparison of overall blood pressure (BP)
control by site for all participating study sites.
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comparisons). Most frequently used medications
were angiotensin-converting enzyme inhibitors
(39%), thiazide diuretics (37%), b-blockers (36%),
and angiotensin-II receptor blockers (28%).

Almost 1 in 5 nondiabetic patients (17.8%), and
more than one-third of diabetic patients (37.6%),
had either an SBP that was above goal by 10 or
more mm Hg or a DBP that was more than 5 mm
Hg over goal. Additionally, 19.0% of nondiabetic
patients, and 29.3% of diabetic patients, had either
an SBP within 10 mm Hg or a DBP within 5 mm
Hg of target BP. Analysis of antihypertensive medi-
cation prescribed for these patients indicated that
36% of patients whose BP measurement was above
goal BP by >10 ⁄5 mm Hg were only prescribed 0
or 1 antihypertensive medication class, and an addi-
tional 32% were prescribed a regimen consisting of
2 antihypertensive classes of medication. Two in
every 5 (40%) patients whose BP was higher than
goal by no more than 10 ⁄5 mm Hg were pre-
scribed either 0 or 1 antihypertensive medication,
and an additional 34% were prescribed a regimen
consisting of 2 antihypertensive medication classes.

Table IV includes multivariate odds ratios for BP
control. Diabetes status was strongly associated
with probability of BP control, adjusted for other
covariates. Obese patients were less likely to have
BP controlled, as were African Americans and per-
sons aged 65 years and older. The number of pre-
scribed medications for conditions other than
hypertension was associated with an increased
probability of BP control, controlling for other co-
variates. Table V provides odds ratios of BP control
for the subset of patients prescribed 2 antihyperten-
sive medications in combination (n=2866), and for
patients prescribed more than 2 antihypertensive
medications (n=2227). Presence of diabetes was
strongly associated with uncontrolled BP. The odds
associated with use of fixed dose combination regi-
mens (compared to free combination only) and BP
control was higher for patients prescribed 3 or
more antihypertensive medications, but did not
reach statistical significance. For both combination
therapy groups, increasing chronic prescription
count was associated with greater odds of BP con-
trol. Figure 2 depicts the relationship between the
number of antihypertensive medication classes and
BP control, adjusting for age, sex, diabetes status,
presence of cardiovascular disease, and number of
chronic medications.

DISCUSSION
In the current study of hypertension control across
28 US practices, overall, 55.8% of patients hadT
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controlled BP. Consistent with other published
studies, nondiabetic hypertensive patients were
much more likely to have controlled BP (63.3%)
than diabetic patients (33.1%). As compared to
patients with controlled BP, patients with uncon-
trolled BP were more likely to be obese or African
American. The proportion of patients with con-
trolled BP at participating sites varied from 32% to
78%. Study results related to BP management for
each site’s hypertensive patient sample were made
available to study investigators at that site. Many
of these sites shared the data at various levels
within their organizations to identify areas where
opportunity existed for improvement of BP control
across their patient populations.

The proportion of patients from the current
study with controlled BP (55.8%) is similar to the
proportion of hypertensive adults with controlled
BP from NHANES 2003–2004 who are treated for
hypertension (56.6%);2 this comparison is probably
the most appropriate given our cohort inclusion cri-
teria, although 7% of our study population did not
receive antihypertensive medication. In addition,
33.1% of our study’s diabetic hypertensive popula-
tion had controlled BP, compared to 37.5% of
hypertensive diabetic subjects from NHANES.2 In
the current study, hypertensive patients were
more likely to have diabetes (24.6%) as compared
to hypertensive adults included in NHANES
(15.3%).10 However, the prevalence of other

Table IV. Multiple Logistic Regression for Blood Pressure Control in the HATT Study Population (n=8010)a

Odds Ratio 95% Confidence Interval

Diabetes

No 1
Yes 0.261 0.232–0.294

Antihypertensive regimen

No therapy 0.887 0.728–1.080
Monotherapy 1.0
Combination, 2 antihypertensive meds 1.116 0.993–1.254
Combination, >2 antihypertensive meds 0.880 0.771–1.004

Age
<65 1
�65 0.867 0.784–0.959

Body mass index
<30 1
�30 0.724 0.650–0.808

Missing 1.020 0.898–1.159
Sex

Female 1
Male 0.951 0.865–1.045

Race ⁄ ethnicity
Caucasian 1
African American 0.440 0.380–0.510

Hispanic 0.928 0.744–1.159
Other, missing 0.728 0.655–0.808

Physician specialty

Family practice 1
Internal medicine 0.886 0.799–0.983
Cardiology 0.960 0.821–1.123

Prescribed lifestyle modifications

No 1
Yes 1.122 1.016–1.239

Number of chronic medications

0–2 1
3–4 1.041 0.906–1.198
5–6 1.296 1.109–1.516

7–9 1.512 1.278–1.789
>9 1.630 1.345–1.975

a8010 of the 8250 subjects were included in the final logistic regression model. Abbreviation: HATT, Hypertension: Assessment
of Treatment to Target.
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comorbid conditions was similar between the cur-
rent study and NHANES 1999–2002: stroke (5.2%
vs 5.9%), renal disease (7.1% vs 11.6%), and heart
disease (18.1% vs 15.2%),10 although the 2 studies
utilized slightly different definitions for the assess-
ment of comorbid conditions. A potential explana-
tion for the higher prevalence of diabetes in our
study is related to obesity, as almost half of our
study population was obese (48.7%), compared to
40.5% from NHANES.10

In hypertension, clinical inertia has been defined
as the failure of healthcare providers to initiate or
intensify antihypertensive therapy in a patient with

uncontrolled BP, either by maximizing dosages of
existing medications or adding another class of
antihypertensive medication.4–7 Heisler and col-
leagues studied 68,610 elevated BP events (SBP
>140 mm Hg and <200 mm Hg or DBP >90 mm
Hg) and found that providers intensified the pre-
scribed antihypertensive medication regimen in only
one-third of such events.4 Similarly, another large
study demonstrated antihypertensive therapy inten-
sification at only 38% of study visits, despite ele-
vated BP for at least 6 months preceding the study
visit.5 Andrade and colleagues found that providers
intensified antihypertensive regimens at 10% of

Table V. Multiple Logistic Regression for BP Control in the HATT Study Participants Prescribed Combination Therapy

Regimens (n=5093)

Combination, 2 Antihypertensive Medications Combination, >2 Antihypertensive Medications

N 2866 2227
BP controlled, % 58.4 51.4

Odds Ratio (95% CI) Odds Ratio (95% CI)

Fixed dose combination (FDC) vs free combination
No FDC 1 1

FDC 1.047 (0.876–1.252) 1.116 (0.921–1.352)
Diabetes

No 1 1

Yes 0.276 (0.227–0.336) 0.265 (0.214–0.326)
Age
<65 1 1

�65 0.908 (0.764–1.078) 0.852 (0.697–1.043)
Body mass index
<30 1 1
�30 0.705 (0.587–0.846) 0.860 (0.696–1.063)

Missing 0.906 (0.725–1.133) 1.054 (0.816–1.363)
Sex

Female 1 1

Male 1.005 (0.856–1.180) 1.074 (0.894–1.289)
Race ⁄ ethnicity

Caucasian 1 1

African American 0.507 (0.398–0.647) 0.402 (0.309–0.522)
Hispanic 0.790 (0.542–1.153) 0.544 (0.363–0.816)
Other, missing 0.705 (0.589–0.844) 0.630 (0.510–0.778)

Physician specialty

Family practice 1 1
Internal medicine 0.877 (0.735–1.048) 0.738 (0.596–0.913)
Cardiology 0.916 (0.697–1.205) 0.707 (0.536–0.934)

Prescribed lifestyle modifications
No 1 1
Yes 1.113 (0.939–1.320) 0.914 (0.754–1.108)

Number of chronic medications
0–4 1 1
5–6 1.490 (1.204–1.843) 1.228 (0.938–1.609)
7–9 1.558 (1.233–1.970) 1.535 (1.170–2.013)

>9 1.595 (1.118–2.142) 1.715 (1.273–2.311)

Abbreviations: BP, blood pressure; CI, confidence interval; HATT, Hypertension: Assessment of Treatment to Target
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visits with patient SBP 140–149 mm Hg, and at
45% of visits with SBP �180 mm Hg; 21% of vis-
its with DBP between 90 to 99 mm Hg, and 43%
of visits with DBP �100 mm Hg, had a subsequent
therapy intensification.7 The reasons for clinical
inertia remain unclear, but may include an overesti-
mation of the amount of care actually provided, a
lack of training regarding attainment of goal BP,
and the adoption of a ‘‘wait and see’’ approach.11

In the current study almost 1 in 5 nondiabetic
patients, and about 2 in 5 diabetic patients, had BP
measurements that were at least10 mm Hg systolic
or 5 mm Hg diastolic higher than target BP. How-
ever, while combination antihypertensive medica-
tion regimens were common in our population,
among patients not at goal BP, 36% were pre-
scribed 0 or 1 antihypertensive medication, and
32% were prescribed 2 medications. While prac-
tice-level analysis of BP control suggested that par-
ticipating sites with the highest proportion of
controlled patients also prescribed more antihyper-
tensive medications, this finding did not persist after
statistical adjustment for other covariates. Figure 2
illustrates that, adjusted for other variables, across
our study population the probability of BP control
did not appear to increase with an increased num-
ber of antihypertensive medications, which suggests
the role of other factors in BP goal attainment.
These may include physician-related factors such as
inadequate patient education regarding the impor-
tance of lifestyle changes for long-term hyperten-
sion control, prescription of lifestyle changes, and
prescription of less than effective or inadequate
pharmacologic therapy. Patient-related factors, such

as compliance with prescribed medication or life-
style recommendations, motivation, and health lit-
eracy may also play a role. The current study was
unable to evaluate medication compliance, which
may contribute to lack of BP control in a substan-
tial number of treatment failures.12,13 Although we
cannot attribute specific unknown factors to BP
control, our population includes a sizable number
of patients at higher risk (>5 ⁄10 mm Hg above
goal) who are not treated more intensively (with a
higher number of antihypertensive medications)
despite this risk.

While this study provides useful information
regarding hypertension management across a sam-
ple of physician practices, it is important to con-
sider our results in the context of several important
limitations. Some patient information was not
available for analysis, including duration of hyper-
tension, patient compliance with prescribed antihy-
pertensive medication regimen, duration of
medication use, and patient insurance status. In
addition, some data elements had a sizable number
of patients with missing information, particularly
height for calculation of BMI, smoking status, and
racial ⁄ethnic background. Most missing BMI infor-
mation was due to nondocumentation of patient
height in the medical record, and many participat-
ing sites cited this as potential quality improvement
initiative. While the total number of prescri-
bed medications for all chronic conditions was
obtained, information regarding specific medica-
tions used for conditions other than hypertension
(such as nonsteroidal anti-inflammatory drugs, an-
tidepressants) which may have affected BP was not
collected. The presence of other patient comorbid
conditions, including sleep apnea and other sleep
disorders, may affect patient BP and these were not
available for our study. Because this study was ret-
rospective in nature, standardization or validation
of BP measurements was not possible, so measure-
ment error may have played a role in our study’s
findings. Furthermore, the cross-sectional, non-lon-
gitudinal nature of this study does not permit the
assessment of a ‘‘cause and effect’’ relationship
between BP control and medication use. Site selec-
tion was nonrandom and was based on several fac-
tors, including site interest in participation, and the
study was not designed to be representative of the
demographic composition of the US hypertensive
population as a whole. Thus, it is difficult to ascer-
tain whether selection bias may play a role in some
of our study’s findings. Our study revealed varia-
tion among practices in the proportion of hyperten-
sive patients with controlled BP and some

Figure 2. Change in probability of BP control by
number of antihypertensive medication classes in
regimen, adjusted for diabetes status, age, sex, presence
of coronary artery disease (CAD), and number of
chronic prescriptions.

VOL. 12 NO. 8 AUGUST 2010 THE JOURNAL OF CLINICAL HYPERTENSION 611



interesting differences regarding practice-level
results as related to practice and patient characteris-
tics; however, as the current study was not specifi-
cally designed to determine practice-level predictors
of BP control, some practice-level data, including
payer mix, was not available for analysis. Never-
theless, despite these limitations, this study provides
important information regarding current hyperten-
sion management practices across the United States.

In conclusion, across 28 US practices, 56% of
hypertensive patients had controlled BP, almost half
of the hypertensive study population was obese,
and 25% had diabetes. Since patients with uncon-
trolled BP were more likely to be obese, and more
than 2 times as likely to have diabetes, as those
with controlled BP, interventions targeting weight
reduction in this population may have important
consequences in controlling BP. It is an important
challenge to physicians to understand the reasons
for specific patients’ barriers to BP control. For
some patients, this may be related to patient non-
compliance with prescribed antihypertensive medi-
cation or lifestyle modification recommendations;
however, it may be difficult for physicians to
always be aware of the impact of each of these fac-
tors on BP goal attainment in specific patients
despite efforts by the physician and support staff at
compliance and lifestyle counseling. Other patients
may benefit from an increased dosage of their cur-
rent antihypertensive medication regimen. Alterna-
tively, some physicians may not recognize the
benefit of BP goal attainment, particularly for
elderly and ⁄or diabetic patients.14 While JNC 7
emphasizes that most hypertensive patients will
require 2 or more antihypertensive classes of medi-
cation to achieve and ⁄or maintain BP control,1

many patients from our study who were not at goal
BP were prescribed 2 or fewer antihypertensive
medications, and 36% of patients whose BP mea-
surement was above goal BP by >10 ⁄5 mm Hg
were only prescribed 0 or 1 antihypertensive medi-
cation class. The addition of one or more medica-
tions from other antihypertensive classes to an
existing medication regimen may improve BP con-
trol in this population.
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