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An increased focus on hypertension prevention and control,
especially in high-risk populations, may have a substantial
impact on cardiovascular health outcomes. A continuing
medical education (CME) program trained primary care pro-
viders in evidence-based guidelines for hypertension pre-
vention and control. This study evaluated its effectiveness in
reducing patients’ blood pressure for the sessions occurring
from 2003 to 2007. Using the Hypertension Initiative Data-
base, 8183 patients of CME providers (CME patients) were
paired with controls and changes in blood pressure, pro-
vider visits, prescription months, and the proportion of
patients with blood pressure <140 ⁄ 90 mm Hg before and
after the intervention date were estimated. In the 2-year per-

iod before training and the 2-year period afterwards, CME
patients’ systolic blood pressure decreased by 1.99 mm Hg
and diastolic blood pressure decreased by 1.49 mm Hg.
The CME patients displayed an increase in provider visits
but no statistically significant change in prescription months.
Restricting the analysis to the subsample of patients with
uncontrolled hypertension (>140 ⁄ 90 mm Hg), the changes
in blood pressure were similar in magnitude to those in the
entire population. The CME program, by promoting evi-
dence-based practice, improves patients’ blood pressure
and could serve as a positive model for future hypertension
interventions. J Clin Hypertens (Greenwich). 2011;13:517–
522. �2011 Wiley Periodicals, Inc.

Hypertension currently affects approximately 65 mil-
lion people in the United States.1 Recent data indicate
that only 50% of all hypertensive individuals and
51% of treated hypertensive patients have their blood
pressure (BP) under control.2 Clinical trials suggest
that antihypertensive therapy may significantly reduce
the incidence of stroke, myocardial infarction, and
heart failure.3 Therefore, an increased focus on hyper-
tension prevention and control, especially in high-risk
populations, may have a substantial impact on cardio-
vascular health outcomes.

The Centers for Disease Control and Prevention
(CDC) created the Division for Heart Disease and
Stroke Prevention (DHDSP) to support state programs
concentrating on cardiovascular health. Founded in
1998, DHDSP currently directs funding to 41 states
and the District of Columbia for programs and part-
nerships that target heart disease and stroke preven-
tion. Prevention interventions that are both efficacious
and cost-effective are critical to reducing the burden of
heart disease and stroke.4

This study evaluated the effectiveness of a contin-
uing medical education (CME) program to train pri-
mary care providers in evidence-based guidelines for
hypertension prevention and control. The program is
conducted by the Carolinas and Georgia chapter of
the American Society of Hypertension (ASH), the
Medical University of South Carolina (MUSC), and

the Heart Disease and Stroke Prevention Division of
the South Carolina Department of Health and Envi-
ronmental Control (DHEC), a DHDSP-funded and
state-run program. The CME program consists of pro-
vider trainings focused on the diagnosis of, treatment
for, and special populations with hypertension. The
courses were targeted at providers in areas of the Car-
olinas and Georgia with high age-adjusted mortality
rates for stroke, diabetes, end-stage renal disease, and
uncontrolled hypertension.

Patient populations in high risk areas may benefit by
increasing provider awareness of hypertension and its
treatment because many patients do not receive recom-
mended treatments. For example, nationally, only
65% of patients receive recommended best-practice
preventive care.5 Translation of published guidelines
to clinical practice through such mechanisms as CME
programs has shown to be effective at changing
provider practice patterns.6 However, the impact of
CME programs on clinical outcomes remains an open
question.7,8

To estimate this program’s effectiveness, a case-con-
trol ⁄ pre-post methodology was used with data from
the Hypertension Initiative Database (HID) to analyze
patient-level outcomes.9 The results of our analysis
suggest that the program can have a significant role in
reducing patients’ BP.

ABOUT THE CME PROGRAM
The CME program for primary care providers, a col-
laboration among ASH, MUSC, and DHEC, aims to
(1) raise awareness of the epidemiology of hyperten-
sion and feasibility of improving control, (2) educate
providers about evidence-based guidelines and clinical
trials that can improve daily practice, (3) facilitate
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participation in a community practice network and
database, and (4) encourage providers to become clini-
cal hypertension specialists.9 ASH is the initiator and
primary sponsor of the program. MUSC is the Caroli-
nas and Georgia chapter headquarters for ASH and
provides administrative and instructional staff. DHEC
is a funding partner and helps choose the training sites
within South Carolina and promotes the CME events.
The three organizations conducted trainings in South
Carolina, North Carolina, and Georgia. Average atten-
dance was 22 attendees per training. We analyzed 21
CME classes occurring between November 2003 and
October 2007.

Locations for training were selected to reach areas
away from large academic centers (eg, MUSC) and
with high mortality rates from cardiovascular-related
illnesses. Many of the CME programs emphasized
patient adherence to prescribed medications and pro-
vided strategies for providers to improve adherence.
The training features in-depth case study discussion
among the participants and faculty instructors. More
than 87% of participants report that the CME pro-
gram positively impacted their practice. This study
represents the first formal evaluation of the program.

THE HYPERTENSION INITIATIVE DATABASE
The data used to evaluate the effectiveness of the
CME program come from the HID.9 Clinical data
were obtained primarily through electronic medical
record systems of participating practices, which sign a
Business Associate Agreement with the Hypertension

Initiative. The HID data run from 2000 to 2008 and
consist of 2.2 million patients with approximately 5
visits per patient. They contain information on each
patient’s demographics, vital signs, diagnoses, medica-
tions, and laboratory values. Providers at participating
practices receive quarterly provider reports summariz-
ing their patients’ demographics and clinical values,
comparing each provider’s patient panel to the rest of
the patients in the network and providing information
on continuity of care.

Approximately 24% of the CME attendees submit-
ted clinical data to the database. Of the 12,584 pro-
viders in the HID, 110 took part in at least one of the
21 CME classes between November 2003 and October
2007 (two providers attended two CME classes).
Table I presents the characteristics of the 1.4 million
patient subsample of the HID used in this study.

METHODS
To measure the effectiveness of the CME program, a
case-control ⁄ pre-post approach was employed to
estimate the average change in BP (systolic and dia-
stolic), the number of provider visits, the number of
prescription months, and the proportion of patients
with BP <140 ⁄ 90 mm Hg. Prescription months were
calculated by summing the duration, in months, that a
prescription lasted. Using only adults older than
18 years, ‘‘CME patients’’ were matched to ‘‘control
patients’’ using a propensity score technique
(described below). After matching, a comparison was
conducted of the change in the outcomes of interest

TABLE I. Patient Characteristics in the HID and Selected Subsamples

Class Variable

All Patients

(N=1,214,036)

CME Patientsa

(n=8183)

Control Patientsb

(n=8183)

Difference Between

CME and Controls

Demographics

Mean age, y 48.5 52.5 52.4 0.1

Male 58.6 44.2 44.5 )0.3

Black 14.9 42.4 42.5 )0.1

White 23.1 35.3 35.3 0.01

Race, other ⁄ missing 62.0 22.3 22.2 0.1

Diagnosesc

High cholesterol 26.6 32.2 32.2 )0.1

Diabetes 13.6 22.5 22.5 0.02

Insurance

Medicaid 4.1 0.01 0.01 0

Medicare 4.3 0.01 0.01 0

Weight Information

Underweight 2.9 1.7 1.5 0.2

Overweight 20.2 20.3 20.7 )0.4

Obese 23.3 34.6 35.1 )0.5

Missing weight 41.1 31.0 30.0 1.0

Values are expressed as percentage unless otherwise indicated. No differences are significant between continuing medical education (CME) patients
and control patients at the 5% level. aCME patients had at least 1 blood pressure reading both pre-CME and post-CME date with the same CME
trained provider. bControl patients saw providers who did not attend a CME program and were matched to CME patients using propensity score
matching. No variables are statistically different from the CME patients at the 95% confidence level. cDiagnoses were observed in the Hypertension
Initiative Database (HID) only if the provider diagnosed the condition and informed the patient of the diagnosis.
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among the CME patients to the change among the
control patients to estimate the effectiveness of the
program.

Sample Selection
For purposes of this analysis, CME patients needed to
have seen the same CME-trained provider before and
after the provider’s CME training and have at least
one BP reading within the 2-year period before and
the 2-year period after the provider’s CME training
date (N=8813). The intervention date or ‘‘CME date’’
for the patient was the date of the first visit after the
provider’s first CME training. BP readings that were
recorded on the CME date were classified as part of
the pre-intervention period. All readings that occurred
during visits 2 years before and 2 years after the CME
date were considered for this study.

Control patients consisted of individuals who did
not see a CME-trained physician at any point in the
HID. After control patients were paired with a case
patient (see below), they were assigned a pseudo-CME
date. The control patient’s pseudo-CME date was the
CME date for his ⁄ her matched CME patient. Table I
shows sample sizes and characteristics of the original
data set, those patients who saw a CME provider at
any point in the HID, and the analysis sample of
CME patients.

Propensity Score Matching
Propensity score matching allows the researcher to
randomize subjects in observational data by matching
intervention patients with control patients with similar
observable characteristics pre-intervention.10 CME and
control patients were matched on several observable
characteristics using a propensity score. The propensity
score estimates the probability of being in the interven-
tion group based on the patient characteristics using
predicted probabilities via a probit regression. The pre-
dicted values from the probit regression summarize
multiple patient characteristics (ie, independent vari-
ables) into a single propensity score, with similar
scores indicating overlap in patient characteristics.
Two assumptions are required for propensity scoring:
common support and unconfoundedness.11 These
assumptions were maintained throughout the analysis.

For purposes of this study, the propensity score
equaled the probability of seeing a CME-trained pro-
vider. The propensity score probit regression included
the following independent variables: age, race (white,
black, other ⁄ missing), sex, government insurance sta-
tus (Medicare and Medicaid), diagnoses of diabetes
and dyslipidemia (high cholesterol), weight class
(obese, overweight, normal weight, underweight, miss-
ing body mass index), and interactions of age, race,
sex, and the two condition diagnoses. The diagnoses
of diabetes and dyslipidemia were only observed in the
HID if the provider recognized the condition and it
was recorded in the patient’s chart. The government
insurance status variable is meant to proxy for

patient’s (unobserved) socioeconomic status and is
measured with error in the HID.

Nearest neighbor matching was used to match each
CME patient with one control patient with the nearest
propensity score. In addition to selecting control
patient pairs based on propensity score, the control
patient needed to have at least one BP measure on
record both before and after the pseudo-CME date.
We drew from the pool of control patients with
replacement. Thus, a given control patient may be
matched to multiple CME patients. Our sample con-
tained 1248 duplicated controls with one control being
represented 9 times, the maximum. However, 907 of
the 1248 duplicated controls were represented only
twice.

Because subsample analyses may not be valid with
propensity scoring, we followed Dehejia in re-matching
a subsample of uncontrolled hypertensive CME
patients to the set of controls.12 The CME patients
were identified as having uncontrolled hypertension
in the pre-CME period if their systolic BP was
�140 mm Hg or if their diastolic BP was �90 mm Hg.
The probit regression specification did not include
indicators for government insurance status because of
their collinearity with CME participation. Additional
restrictions were placed on the controls after matching
to ensure uncontrolled hypertensive matches. Uncon-
trolled, stage 1 hypertensive CME patients were
matched only with uncontrolled, stage 1 hypertensive
controls. Stage 2 hypertensive CME patients were
matched similarly. The resulting sample size was 1626
CME patients.

Outcome Estimation
For each outcome (systolic and diastolic BP, provider
visits, prescription months, and an indicator for BP
<140 ⁄ 90 mm Hg) and patient group (CME and
matched controls), the mean of all measures 2 years
before (pre) and 2 years after (post) the (pseudo-)CME
date was calculated. The change in each outcome
variable was then calculated between the pre- and
post-periods for all patients. The effectiveness of the
intervention was defined as the mean change in the
outcome for CME patients netting out the mean
change among control patients.

Two separate analyses were conducted: the first for
all the patients in the CME sample and their matched
controls and the second restricting the sample to
uncontrolled hypertensive CME patients and their
matched controls. To estimate the change in the num-
ber of prescription months, the sample was reduced to
include only patients whose prescriptions contained a
non-missing end date. All analyses were conducted in
Stata 10.1 (StataCorp, College Station, TX) with the
psmatch2 command used for propensity scoring.13,14

RESULTS
The CME patient restrictions and propensity score
matching provided two sets of 8183 patients. CME
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patient and control characteristics are summarized in
Table I. The mean patient age for both groups was
53 years. Approximately one third of the sample had
high cholesterol and more than one third was classified
as obese.

The two populations displayed comparable charac-
teristics with no characteristic differing by more than
1%, indicating that the propensity score matching was
successful. Two-sample t tests (for age) and propor-
tionality tests (for all other variables) of the differences
between these variables revealed no statistically signifi-
cant differences at the 95% confidence level. The simi-
larity of the CME patients and the controls along
these dimensions indicate that, on average, the propen-
sity score matching was successful.

CME patients and control patients displayed small
differences in the four BP classifications: normal, pre-
hypertension, stage 1 hypertension, and stage 2 hyper-
tension.15 Table II shows the proportion of patients in
each category. CME patients were more likely
(23.8% vs 21.0%; P<.05) to have normal BP than
control patients. However, the total number of
patients with hypertension, either stage 1 or stage 2,
was approximately the same: 28.6% for CME
patients and 29.5% for control patients. In a two-
sample test of proportionality, this difference was not
statistically different from zero at the 95% confidence
level.

The effectiveness estimates (Table III) show that
the CME program is moderately effective in reducing
BP for the entire patient population. Mean systolic BP
for CME patients before the CME date was
131.52 mm Hg. This estimate is consistent with the
control patient averages of 131.54 mm Hg pre-CME
date and 131.59 mm Hg post-CME date. After the
CME date, CME patients exhibited, on average, a 1.99-
mm Hg decrease in systolic BP relative to the change
among controls. A comparable change occurred for dia-
stolic BP: post-CME date, CME patients experienced a

1.49-mm Hg decrease in diastolic BP relative to the
change among controls. Both of these results were sta-
tistically significant.

CME patients visited their providers more often after
the CME date. In the 2 years prior to the CME date,
CME patients saw their providers an average of 4.65
times or 2.32 times per year. This figure is much lower
than the 2.97 times the control patients saw their pro-
viders. After the CME date, CME patients saw their
providers almost one (0.9 visits) more visit per year
(P<.05). The CME program also generated a small
increase in the number of prescription months. How-
ever, this difference was not statistically significant.

When the analysis was restricted to the uncontrolled
hypertensive CME patients, the changes in BP were
similar in magnitude to those in the entire population
(Table IV). Uncontrolled hypertensive CME patients
had statistically significant reductions of 1.67 mm Hg
and 1.30 mm Hg in systolic BP and diastolic BP,
respectively. These estimates translate to a 0.84-
mm Hg reduction in systolic BP and a 0.65-mm Hg
reduction in diastolic BP per year.

The proportion of patients with BP <140 ⁄ 90 mm
Hg increased from 71% of the population to 76%
(Table V). After controlling for the increase in control
patients, this represents a 2.3% point increase in
patients with BP <140 ⁄ 90 mm Hg.

TABLE II. Comparison of Hypertensive States
Among CME Patients (n=8183) and Matched Control
Patients

Blood

Pressure

Category

Category

Definition,

mm Hg

CME

Patients, %

Control

Patients, %

Normal SBP <120 and

DBP <80

23.8 21.0

Prehypertension SBP 120–139 or

DBP 80–89

47.6 49.5

Stage 1

hypertension

SBP 140–159 or

DBP 90–99

21.1 23.9

Stage 2

hypertension

SBP �160 or

DBP �100

7.5 5.6

Abbreviations: CME, continuing medical education; DBP, diastolic
blood pressure; SBP, systolic blood pressure.

TABLE III. Program Effectiveness: CME Patients
(n=8138) vs Matched Control Patientsa

Measure Group Pre-CMEb Post-CME Difference

Systolic

blood

pressure

CME patients 131.52 129.58 )1.94

Control patients 131.54 131.59 0.06

Effect of CME )1.99c

Standard errord (0.38)

Diastolic

blood

pressure

CME patients 77.12 75.68 )1.45

Control patients 77.16 77.20 0.04

Effect of CME )1.49c

Standard error (0.22)

Number of

provider

visits

CME patients 4.65 5.84 1.19

Control patients 5.93 5.34 )0.59

Effect of CME 1.78c

Standard error (0.20)

Number of

hypertension

prescription

monthse

CME patients 0.48 0.58 0.10

Control patients 0.35 0.28 )0.06

Effect of CME 0.16

Standard error (0.20)

aContinuing medical education (CME) and control patients were
each represented once in the pre-CME and once in the post-CME
period for systolic blood pressure, diastolic blood pressure, and the
number of provider visit regressions. This resulted in a regression
with 32,732 observations. bEstimates represent mean measures
2 years before (pre) and 2 years after (post) CME date. cEstimate is
significant at the 95% confidence level. dStandard errors were
clustered at the patient level. eSample restricted to patients with
complete start and end dates for prescriptions (n=4728 CME
patients). CME patients and their matched controls were
represented in the pre-CME and post-CME period. This resulted in a
regression with 18,912 observations.
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DISCUSSION
Although implementation of clinical guidelines has
been proposed as an effective way to improve clinical
outcomes, previous studies (eg, Bonds and colleagues)
have failed to show an impact of CME in reducing
patient hypertension.8,16 Recent work, however,

indicates that CME programs can change provider
prescriptive behavior by prescribing more effective
treatment, such as b-blockers.17 Furthermore, De
Rivas and colleagues7 estimated that patients whose
providers underwent a combination of live and online
training saw a small but significant reduction in BP
1 year after training.

Our results show that the CME program was effec-
tive in reducing BP, increasing how often patients see
their provider, and reducing the number of uncon-
trolled hypertensive patients without increasing the
number of prescriptions required by the patients. By
enhancing provider awareness of important hyperten-
sion information, the CME program imparted benefits
to its patient population without an increase in the
number of prescriptions per month.

The reductions in BP were comparable to the effects
of provider-recommended lifestyle changes. For exam-
ple, Sacks and colleagues found that an intervention
reducing sodium intake from ‘‘intermediate’’ to ‘‘low’’
levels displayed systolic BP effects (a 1.9-mm Hg drop)
similar to the ones presented in this study.15,18 The
magnitude of the systolic and diastolic BP effects of
the CME are also consistent with reductions resulting
from dietary fiber supplementation.19 Finally, our
CME results are comparable to the CME results by
De Rivas and colleagues7 who reported a systolic BP
reduction of 1.1 mm Hg. Furthermore, the HID did
not permit an assessment of patient adherence, but
that may provide a plausible explanation for the
results and could be addressed in future studies.

The CME program’s reduction in average BP may
mean a considerable decrease in downstream events as
well. Stamler reported that a drop in systolic BP of
2 mm Hg, similar in magnitude estimated for CME
patients, may reduce mortality due to stroke by 6%,
coronary heart disease by 4%, and total mortality by
3%.20,21 Cook and colleagues22 estimated that a 2-
mm Hg decrease in diastolic BP for white US residents,
35 to 64 years, would result in a 17% decrease in the
prevalence of hypertension, a 14% decrease in the risk
of stroke and transient ischemic attacks, and a 6%
decrease in the risk of coronary heart disease. Further-
more, a reduction of 2.3% in South Carolina’s uncon-
trolled hypertensive patients could decrease the total

TABLE IV. Program Effectiveness: Uncontrolled
Hypertensive CME Patients (n=1626) vs Uncontrolled
Hypertensive Matched Control Patientsa

Measure Group Pre-CMEb Post-CME Difference

Systolic

blood

pressure

CME patients 151.44 142.64 )8.80

Control patients 150.70 143.57 )7.13

Effect of CME )1.67c

Standard errord (0.75)

Diastolic

blood

pressure

CME patients 83.89 79.81 )4.08

Control patients 83.34 80.56 )2.78

Effect of CME )1.30c

Standard error (0.42)

Number of

provider

visits

CME patients 2.45 4.61 2.17

Control patients 6.08 5.38 )0.70

Effect of CME 2.87c

Standard error (0.26)

Number of

hypertension

prescription

monthse

CME patients 0.07 0.28 0.21

Control patients 0.29 0.36 0.08

Effect of CME 0.13

Standard error (0.22)

aUncontrolled hypertensive continuing medical education (CME)
patients were CME patients with a pre-CME systolic blood pressure
of �140 mm Hg or a pre-CME diastolic blood pressure of �90 mm
Hg using mean blood pressure measured in the pre-CME period.
Stage 1 hypertensive CME patients (systolic blood pressure 140–159
mm Hg or diastolic blood pressure 90–99 mm Hg) were matched
with stage 1 controls. Stage 2 hypertensive CME patients (systolic
blood pressure �160 mm Hg or diastolic blood pressure �100 mm
Hg) were matched with stage 2 hypertensive controls. Both CME
patients and controls were each represented once in the pre-CME
and once in the post-CME period for systolic blood pressure,
diastolic blood pressure, and the number of provider visits
regressions. This resulted in a regression with 6504 observations.
bEstimates represent mean measures 2 years before (pre) and
2 years after (post) CME date. cEstimate is significant at the 95%
confidence level. dStandard errors were clustered at the patient
level. eSample restricted to patients with complete start and end
dates for prescriptions (n=1180 CME patients). CME patients and
their matched controls each were represented once in the pre-CME
and once in the post-CME period. This resulted in a regression with
2776 observations.

TABLE V. Program Effectiveness: Reduction in Uncontrolled Hypertension Prevalence for CME Patients (N=8138)
vs Matched Control Patientsa

Measureb Group Pre-CME Post-CME Difference

Proportion of patients with

blood pressure <140 ⁄ 90 mm Hgc

CME patients 0.714 0.755 0.041

Control patients 0.705 0.724 0.018

Effect of CME 0.023d

Standard error (0.010)

aContinuing medical education (CME) patients and their matched controls each were represented once in the pre-CME and once in the post-CME
period. This resulted in a regression with 32,732 observations. bThe linear probability model was used to estimate the regression coefficients.
cUncontrolled hypertension is defined as having a systolic blood pressure of �140 mm Hg or a diastolic blood pressure of �90 mm Hg. dEstimate is
significant at the 95% confidence level.
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number of patients with this condition by more than
38,000.23

LIMITATIONS
These findings, however, should be generalized with
caution. The sample is restricted to the providers that
contributed to the HID, patients with regular visits,
and prescription data for patients whose providers
reported complete start and end dates. To the extent
to which this is not a representative population, it is
unclear what the impact would be on a larger primary
care population.

Another limitation may be that the CME providers
who submit their data to the HID could be a select
group of top performers. If the sample contains top
performers, our results would be biased upward as a
result. Unfortunately, data limitations prevented us
from addressing this issue by controlling for provider
characteristics. However, the similarities between the
CME patients and the control patients in Table I and
in the pre-CME period may mitigate this concern.

Unobserved variables in the HID may also challenge
the unconfoundedness assumption required by the pro-
pensity score matching. Motivated and ⁄ or diligent
patients may have been more likely to have made
lifestyle changes on their own and to have selected
high-quality, CME-trained providers, resulting in an
overestimation of the CME program’s effectiveness.
However, the evidence suggests that the CME patients
were visiting their providers fewer times prior to the
CME training than the control group. Furthermore,
we did not observe any differences in BP prior to the
CME date, indicating that any unobserved differences
between CME and control patients did not result in
differences in baseline BP. The case-control ⁄ pre-post
methodology should control for trends common to
both CME and control patients. Regression to the
mean was more likely to be similar across groups since
pre-CME BP was similar for CME and control
patients.

CONCLUSIONS
Our assessment provides evidence that the CME
program, by increasing provider awareness of hyper-
tension, has a considerable and positive impact on
patients’ BP. Additional evidence suggests that the
CME program is accomplishing its goals without
increasing prescriptions. The fact that almost one third
of South Carolinians have been told they have high
BP23 shows a strong need for effective interventions to
control hypertension. The CME program may serve as
a model for other CME programs that aim to reduce
the burden of hypertension.
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