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ABSTRACT
Background and objective Controlling blood pressure (BP) for patients with stage 2 hypertension remains challenging. This research
aimed to: (i) identify predictors of failure to achieve BP control, (ii) determine the association of adding one additional antihypertensive class
with achieving BP control, and (iii) describe the prescribed antihypertensive regimens.
Methods Electronic medical record data from 25 multi-specialty medical groups in the USA were used. The study cohort included patients
with stage 2 hypertension in 2012. BP control rates were determined at 6months from the date of the stage 2 BP. Using multivariable logistic
regression and validation by Monte Carlo simulation, we determined independent baseline predictors of not achieving BP control (<140/90).
Results Included were 107 903 patients. Baseline predictors of failure to achieve BP control included the following: a prior stage 2 BP,
systolic BP≥ 165, Black race, male sex, income ≤ $35 000, body mass index≥ 30, age ≥ 65 years, and no office visits. Increasing from
single-class to dual-class antihypertensive therapy was associated with a 42% increased odds of achieving BP control (odds ratio 1.42;
95% CI 1.22, 1.64); however, this effect was attenuated as the number of baseline antihypertensive classes increased. The 10 most frequently
prescribed regimens accounted for only 40% of all antihypertensive regimens.
Conclusions Among patients with stage 2 hypertension, a prior stage 2 BP, a systolic BP≥ 165, and fewer office visits were strong
predictors of failure to achieve BP control. Increasing to dual-class antihypertensive therapy was significantly associated with achieving
BP control. There is broad heterogeneity in the antihypertensive regimens prescribed. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

The risk of cerebrovascular disease, myocardial infarc-
tion, chronic kidney disease (CKD), and mortality is
magnified as blood pressure increases.1–6 Recent stud-
ies have shown that patients with stage 2 hypertension
(systolic blood pressure (SBP)≥160 or diastolic blood
pressure (DBP)≥100) have about twice the risk of
mortality, renal failure, and stroke, compared to pa-
tients with stage 1 hypertension (SBP≥140 and <160

or DBP≥90 and <100).2,5 Achieving blood pressure
(BP) control is critical to improving clinical outcomes
in these high-risk patients.
Stage 2 hypertension is a common (10–20% of

patients with hypertension) and serious condition,
which motivated consensus panels to develop treat-
ment guidelines to assist health care providers
(HCPs) in making evidence-based decisions.7–11

Yet, HCPs struggle to achieve BP control among
their patients with stage 2 hypertension. A recent
study found only 50% of patients with incident stage
2 hypertension achieved BP control. Risk factors for
not achieving control included higher body mass
index (BMI), higher baseline SBP, CKD, and

*Correspondence to: C. G. Rowan, Partnership for Health Analytic Research,
LLC 280 S. Beverly Drive, Suite 404 Beverly Hills, CA 90212, USA. E-mail:
crowan@pharllc.com

Copyright © 2015 John Wiley & Sons, Ltd.

pharmacoepidemiology and drug safety (2015)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/pds.3849



diabetes. Strikingly, only 50% of patients were
treated according to hypertension guidelines.12–14

Hypertension guidelines emphasize the importance
of pharmacotherapy for stage 2 hypertension and con-
sistently recommend at least dual-class antihyperten-
sive therapy.11,15 Research also supports the benefits
of adding a third antihypertensive class for those who
are inadequately controlled with dual-class therapy.16

Antihypertensive therapy is not the only intervention
associated with achieving BP control. In a study of pa-
tients with stage 1 hypertension and diabetes mellitus,
more frequent health care provider interactions were as-
sociated with more rapid normalization of blood pres-
sure. However, it was not clear if these findings would
hold true for patients with stage 2 hypertension.17

The focus on stage 2 hypertension was meant to yield
results applicable to patients at the greatest risk for seri-
ous complications and for whom achieving BP control
is most challenging. This study had three specific aims:
to determine baseline predictors of failure to achieve
blood pressure control (aim 1 (primary)), to determine
the association of achieving BP control with adding
one additional antihypertensive class to the baseline
antihypertensive regimen (aim 2), and to describe the
prescribed antihypertensive regimens (aim 3).

METHODS

Study design

A retrospective cohort study was conducted to evaluate
baseline predictors associated with failure to achieve BP
control among patients with stage 2 hypertension (aim 1).

Data source

The study population was extracted from the Humedica
electronic medical record (EMR) database. This nor-
malized, statistically de-identified EMR database in-
cludes demographics (e.g., age, sex, and race), medical
conditions classified using International Classification
of Diseases, Ninth Edition, ClinicalModification codes,
vital signs and clinical characteristics (e.g.,BP, height,
and weight), laboratory test dates and results, pharma-
cotherapy prescribed, health care utilization metrics
(e.g., ambulatory office visits and procedures performed),
insurance type (e.g.,Medicare and commercial), and im-
puted median household income (based on census data).
These data provide a retrospective, longitudinal view

of patients who received care from 25 multi-specialty
medical groups across the USA, ranging in size from
approximately 100 to over 3000 physicians. The
medical groups contributing data participate in the
American Medical Group Association’s Anceta learning

collaborative, which is conducted in partnership with
Humedica, an Optum company.

Study population

The study population included patients with stage 2
hypertension in 2012 whose BP was measured during
routine clinical care as part of an ambulatory evaluation
and management office visit (referred to as office visit)
with an HCP (physicians and advanced practice
providers). We included office visits, which fell into the
following Berenson-Eggers Type of Service (BETOS)
categories: M1A (new patient), M1B (established
patient), M5D (certain specialist visits), or M6 (other
consultations). We included patients that met either of
the two following criteria: (criterion 1) two stage 2 BPs
on different days in 2012, but within 182days of one
another, or (criterion 2) a single stage 2 BP in 2012 with
a prescribing record for an antihypertensive agent within
30days. The index date was the date of the second stage
2 BP (for criterion 1) or the date of the single stage 2 BP
(for criterion 2). If more than one BP measurement was
recorded on a given day, the lowest SBP and lowest
DBP on the day were used.

Study cohort: inclusion and exclusion criteria

Patients with stage 2 hypertension were included in the
study cohort if they met all of the following inclusion
criteria: (i) identifiable gender; (ii) age ≥40 and
≤85years at the index date; (iii) a 12-month baseline
period prior to the index date; (iv) a 6-month follow-
up BP measurement; and (v) pre-baseline EMR ‘activ-
ity’ (activity was classified by evidence of an office
visit, a diagnosis code, a procedure code, a BP mea-
surement, a laboratory test, or a medication prescribing
record) (Figure 1).
Patients with any of the following prior to the index

date were excluded from the study cohort: (i) secondary
hypertension or another condition indicating secondary
hypertension; (ii) pregnancy-related hypertension; (iii)
three or more prednisone prescribing records during
the baseline period; (iv) stage 5 CKD or end-stage renal
disease; or (v) an estimated glomerular filtration
rate<15mL/minute per 1.73m2. The Mayo Clinic qua-
dratic equation was used to determine the estimated glo-
merular filtration rate, based on measured serum
creatinine. The attrition table is provided in eFigure 1
(available in Supporting Information).

Outcome classification (aims 1 and 2)

The outcome for aim 1 was classified as failure to
achieve BP control at approximately 6months
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(182±45days) following the index date. BP control
was classified as SBP<140 and DBP<90. The out-
come for aim 2 was classified as achieving BP control
within 30 days following the index date. All BP mea-
surements occurred during an ambulatory office visit.
If there was more than one BP measurement during
each follow-up period, the BP measurement nearest
to the follow-up date was used. BPs were recorded
by a health care professional using a manual BP cuff,
with the patient seated.

Baseline candidate predictor variable classification
(aim 1)

All baseline candidate predictor variables (CPVs) were
ascertained from the EMR database. The CPVs included
the following: demographics (e.g., sex and race), clinical
measures (e.g.,BMI and baseline BP measurements),
comorbidities, prescribed medications, health care
utilization factors (e.g.,number of office visits),
insurance type, and median household income. Demo-
graphics were classified on the index date. Clinical
measures were classified during the 12-month baseline
period and on the index date. Comorbidities were
classified by the presence of at least one diagnosis code
during the baseline period, including the index date.
Health care utilization factors (e.g., the number of office
visits) and prescribed medications were classified
during the baseline period. Median household income
(referred to as income) was imputed from US Census
data using the patient’s five-digit zip code of residence
on the index date. If the patient zip code was not avail-
able, the zip code for the affiliated medical group was
used. In addition to the CPVs presented in Table 1, other

CPVs were also evaluated (see eTable 1 for a listing of
additional CPVs).

Exposure classification (aim 2)

We classified antihypertensive agents at the class level
(e.g., angiotensin-converting enzyme (ACE) inhibitor
or thiazide diuretic). The specific antihypertensive
classes are listed at the bottom of Table 1. For aim 2,
we compared patients who were prescribed one addi-
tional antihypertensive agent on the index date (the
“exposed” group) to patients whose prescribed antihy-
pertensive regimen was exactly the same during the
baseline period and on the index date (the “unexposed
group”). The baseline and index date antihypertensive
regimens were classified by the number of distinct
antihypertensive classes prescribed. The antihyperten-
sive regimens were classified during the 12-month
baseline period and separately on the index date.
Patients were classified as “unexposed” who were

prescribed the exact same antihypertensive regimen
during the baseline period and on the index date. For
example, patients would be classified as “unexposed”
if they were prescribed an ACE inhibitor and a thia-
zide diuretic during the baseline period and an ACE
inhibitor and a thiazide diuretic on the index date.
Using the same methodology, patients were consid-
ered “exposed” who were prescribed one additional
antihypertensive agent on the index date compared
with the prescribed baseline antihypertensive regimen.
Like the “unexposed” group, the number of antihyper-
tensive classes and the specific agents remained the
same (during the baseline period and on the index
date) except for the prescribing of one additional

Figure 1. Study schema. BP, blood pressure
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antihypertensive agent on the index date. For example,
patients would be classified as “exposed” if they were
prescribed an ACE inhibitor and a thiazide diuretic
during the baseline period and an ACE inhibitor, a

thiazide diuretic, and a beta blocker on the index date.
To retain the internal validity of the aim 2 analyses,
patients who were prescribed more than one additional
antihypertensive agent on the index date (compared

Table 1. Study population characteristics stratified by BP control at the 6-month follow-up BP measurement date

Study population characteristics stratified by
hypertension control during 6-month follow-up

Total BP< 140/90 BP ≥ 140/90

107 903 53 003 49.1% 54 900 50.9%

Demographics
Age: mean, SD 64.9 11.8 65.0 11.7 64.7 11.8
Sex: female 63 657 59.0% 31 757 59.9% 31 900 58.1%
Black or African American 16 673 15.5% 7 236 13.7% 9 437 17.2%
Income: <$35 000 31 072 28.8% 14 482 27.3% 16 590 30.2%
Medicare 51 243 47.5% 24 854 46.9% 26 389 48.1%

Clinical measures (during the baseline period or on the index date)
Systolic BP at index: mean, SD 165.2 13.8 163.8 13.5 166.5 14.0
Diastolic BP at index: mean, SD 89.5 13.0 89.4 12.8 89.5 13.2
BP ≥ 160/100 during baseline 30 216 28.0% 11 406 21.5% 18 810 34.3%
BMI ≥ 30 60 889 56.4% 29 510 55.7% 31 379 57.2%

Comorbidities (during the baseline period)
Dyslipidemia 68 710 63.7% 34 230 64.6% 34 480 62.8%
Type 2 diabetes 35 927 33.3% 17 140 32.3% 18 787 34.2%
Depression 17 442 16.2% 9 365 17.7% 8 077 14.7%
Coronary artery disease 13 951 12.9% 7 292 13.8% 6 659 12.1%
Peripheral vascular disease 11 232 10.4% 5 919 11.2% 5 313 9.7%
Arrhythmia 10 528 9.8% 5 537 10.4% 4 991 9.1%
Chronic obstructive pulmonary disease (COPD) 10 224 9.5% 5 343 10.1% 4 881 8.9%
Chronic kidney disease (CKD) 10 220 9.5% 4 956 9.4% 5 264 9.6%
Cerebrovascular disease 10 044 9.3% 5 177 9.8% 4 867 8.9%
Atrial fibrillation (A-fib) 9 150 8.5% 4 814 9.1% 4 336 7.9%
Congestive heart failure (CHF) 6 894 6.4% 3 541 6.7% 3 353 6.1%
Myocardial infarction 4 155 3.9% 2 164 4.1% 1 991 3.6%

Health care utilization (during the baseline period and 6-month follow-up period)
≥1 Hospital admission during baseline 17 782 16.5% 9 159 17.3% 8 623 15.7%
≥1 Emergency Department visit during baseline 21 379 19.8% 10 818 20.4% 10 561 19.2%
No. of baseline office visits: mean, SD 5.8 5.9 6.1 6.1 5.6 5.6
No. of follow-up office visits: mean, SD 5.8 4.0 6.1 4.2 5.5 3.8

Non-antihypertensive medications (during the baseline period)
Number of medications: mean, SD 4.1 2.9 4.2 3.0 3.9 2.9

Antihypertensive medications (during the baseline period)
Number of RxAH classes*
0 24 019 22.3% 11 836 22.3% 12 183 22.2%
1 20 795 19.3% 10 475 19.8% 10 320 18.8%
2 24 295 22.5% 12 257 23.1% 12 038 21.9%
3 19 262 17.9% 9 391 17.7% 9 871 18.0%
4+ 19 532 18.1% 9 044 17.1% 10 488 19.1%

Antihypertensive medications (During the 6-month follow-up period)
Number of RxAH classes
0 10 120 9.4% 4 269 8.1% 5 851 10.7%
1 26 070 24.2% 12 942 24.4% 13 128 23.9%
2 30 048 27.8% 15 266 28.8% 14 782 26.9%
3 21 733 20.1% 10 727 20.2% 11 006 20.0%
4+ 19 932 18.5% 9 799 18.5% 10 133 18.5%

One additional antihypertensive class† 22 570 20.9% 11 787 22.2% 10 783 19.6%
Blood pressure at the 6-month follow-up BP measurement
Stage 2 (≥160/100) 18 821 17.4% — — — —
Stage 1 (SBP 140–159 or DBP 90–99) 36 079 33.4% — — — —

BP, blood pressure; SD, standard deviation; BMI, body mass index; SBP, systolic BP; DBP, diastolic BP.
*We classified antihypertensive agents into the following classes: angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, thiazide diuretics
(thiazide), potassium sparring diuretics (k+), loop diuretics (loop), calcium channel blockers—centrally acting, calcium channel blockers—other
(e.g., dihydropyridines), direct renin inhibitors, alpha beta blockers, beta blockers, selective anti-adrenergic receptor antagonist, centrally acting anti-adrenergic,
peripherally acting anti-adrenergic, vasodilators, and other (e.g., reserpine, diazoxide, and mecamylamine).
†To classify the addition of one antihypertensive class, we calculated the difference between the number of prescribed follow-up antihypertensive classes and
the number of prescribed baseline antihypertensive classes.
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with the baseline antihypertensive regimen) were not
included in the aim 2 analyses. We also did not ana-
lyze patients who were prescribed different antihyper-
tensive agents during the baseline period and on the
index date (e.g.,ACE inhibitor (baseline); angiotensin
receptor blockers and thiazide diuretic (index date)).
Additionally, because the aim 2 outcome (achieving
BP control) was classified within 30days following
the index date, we only analyzed patients who were
prescribed an antihypertensive on the index date
(with the exception of the “unexposed” group who
were not prescribed an antihypertensive agent during
the baseline period nor on the index date—these pa-
tients were included as the reference group for those
who initiated single-class antihypertensive therapy
on the index date).

Antihypertensive regimens prescribed (aim 3)

We classified the specific antihypertensive regimens
prescribed (at the antihypertensive class level) from
the index date to the 6-month follow-up date.

Statistical analysis (aim 1)

The seven step statistical method used to build the pre-
dictive model for aim 1 is provided in the Supporting
Information (eTable 2). In summary, baseline predic-
tors of failure to achieve BP control were determined
by univariate analyses of all CPVs and multivariable
logistic regression (using the likelihood ratio test) and
validated by Monte Carlo bootstrap simulation. As de-
scribed in the Supporting Information, collinearity of
each pairwise combination of the significant predictor
variables was assessed. When collinearity was identi-
fied (Pearson correlation coefficient<�0.8 or >0.8),
we retained the variable more significantly associated
with the dependent variable (failure to achieve BP
control). CPVs included in the multivariable model
(using the likelihood ratio test (p<0.05)) as well as
those included in ≥80% of the bootstrap simulated
models were retained in the final predictive model.

Statistical analysis (aim 2)

We determined the association (odds ratio and 95%
confidence interval) of adding one additional antihy-
pertensive class (on the index date) with achieving
BP control (BP<140/90) within 30days following
the index date—stratified by the number of prescribed
antihypertensive classes in the baseline regimen. For
stratification purposes, we categorized the number of
prescribed baseline antihypertensive classes as 0, 1,
2, 3, and 4+. Five separate multivariable logistic

regression models were developed (one for each stra-
tum). The stratum-specific multivariable models were
adjusted for significant baseline predictors (from aim
1) and confounders, which changed the unadjusted
(crude) association (odds ratio) by ≥20%. We evalu-
ated, as potential confounders, the variables listed in
Table 1 and eTable 1.

Secondary analyses

We re-evaluated aim 1 using the same methodology as
previously described, but used a 12-month rather than
a 6-month follow-up period. We also stratified the aim
1 analyses by the following: (i) patients with prevalent
versus incident stage 2 hypertension, (ii) patients who
were prescribed and not prescribed an antihyperten-
sive agent during the baseline period, and (iii) patients
who entered the cohort by two stage 2 BPs versus one
stage 2 BP and an antihypertensive agent within
30days. We also describe the proportion of study
cohort members who, contrary to hypertension guide-
lines for stage 2 hypertension, were not prescribed at
least dual-class antihypertensive therapy during the
6-month follow-up period.

RESULTS

There were 107, 903 patients with stage 2 hypertension
in the study cohort. At the 6-month follow-up BP mea-
surement date, 49.1% achieved BP control (BP<140/
90), 33.4% improved to stage 1 hypertension, and
17.4% continued to have stage 2 hypertension. Strati-
fied by BP control status at 6months, Table 1 shows
the distribution of demographics, hypertension charac-
teristics, comorbidities, procedures, pharmacotherapy,
and patient surveillance factors. The average age
(standard deviation (SD)) for all study cohort members
was 64.9 (11.8) years, and 59.0% were female. The
average SBP (SD) and DBP (SD), on the index date,
were 165.2 (13.8) and 89.5 (13), respectively. Most
patients (68%) entered the study cohort because of
an isolated stage 2 SBP (SBP≥160) rather than a stage
2 DBP; 15% had both. The percentage of patients with
BMI≥30 was 56.4%. The percentages with diabetes
mellitus, CKD, and congestive heart failure were
33.3%, 9.5%, and 6.4%, respectively. Regarding
baseline antihypertensives, 77.7% were prescribed an
antihypertensive agent during baseline, and 54% were
prescribed two or more different antihypertensive
classes.
Figure 2 shows the significant, independent baseline

predictors of failure to achieve BP control at 6months.
The odds ratios are adjusted only for the other

stage 2 hypertension: predictors of failure to achieve bp control
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significant, independent predictors shown in the fig-
ure. The strongest predictor of failure to achieve BP
control was having a stage 2 BP during the baseline
period (reference category was having controlled BP
(<140/90) at all readings during the baseline period).
Accounting for the other predictors in the model, pa-
tients with a prior stage 2 BP (within 12months prior
to the index date) were 2.5 times more likely to not
achieve BP control. The next most significant predic-
tor was a four-level categorical variable representing
the number of ambulatory office visits during the base-
line period. This variable (baseline office visits) was
categorized as ≥6 baseline office visits (the reference
category), 3–5, 1–2, and 0. Patients with zero baseline
office visits were more than twice as likely to not
achieve BP control compared with patients with ≥6
baseline office visits. Another important predictor
was a four-level categorical variable representing dif-
ferent levels of SBP on the index date. This variable
(index SBP) was categorized as index SBP <165
(the reference category); ≥165 index SBP <175;
≥175 index SBP <185; and index SBP ≥185. Patients
with a SBP ≥185 on the index date were the least
likely to achieve BP control. Other predictors of not
achieving BP control included Black race compared
with all other races, male sex, income≤$35000,
BMI≥30, and age≥65years.
Figure 3 depicts the association of adding one addi-

tional antihypertensive class (to the baseline antihyper-
tensive regimen) with achieving BP control within
30days following the index date—stratified by the

number of prescribed baseline antihypertensive classes
(0, 1, 2, 3, and 4+). The “unexposed” group, for each
stratum, includes patients whose prescribed antihyper-
tensive regimen was exactly the same during the
baseline period as was prescribed on the index date.
Among patients who were prescribed one antihyper-
tensive class during the baseline period, transitioning
to dual-class antihypertensive therapy (i.e., two pre-
scribed antihypertensive classes) was associated with
a 42% (odds ratio 1.42 95% confidence interval:
1.54–1.77) increased likelihood of achieving BP con-
trol compared with patients who were prescribed only
one antihypertensive agent during the baseline period
and on the index date. However, the strength of the
association between adding one antihypertensive med-
ication and achieving BP control diminished incre-
mentally as the number of prescribed baseline
antihypertensive classes increased.
For aim 3, there were a total of 2607 different

combinations of antihypertensive classes prescribed
during the 6-month follow-up period. Table 2 shows
the 10 most commonly prescribed regimens
accounted for only 40% of all prescribed antihyper-
tensive regimens. It is important to note that five of
the top 10 regimens were single-class antihyperten-
sive therapy.

Secondary analyses

For aim 1, the predictors of failure to achieve BP con-
trol at 6months following the index date were mostly

Figure 2. Predictors of failure to achieve blood pressure (BP) control at 6 months following the index date. The predictors were classified during the 12-
month baseline (BL) period or on the index date. BMI, body mass index; SBP, systolic blood pressure
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consistent at 12months following the index date;
however, age was no longer a significant predictor
(data not presented). At 12months, 51% of patients
achieved BP control; however, only 32% of patients
achieved BP control at both 6 and 12months.
eTable 3 shows the proportion of patients prescribed

1, 2, 3, and 4+ antihypertensive classes during the
6-month follow-up period. Contrary to the hyperten-
sion guideline recommendations, 26.7% of study
cohort members with stage 2 hypertension, who were
prescribed an antihypertensive during follow-up, were
prescribed only one antihypertensive class.

The additional aim 1 secondary analyses are pre-
sented in eTable 4. Individual predictive models were
developed for each stratum. For the most part, these
secondary analyses depict the robustness of the results
from the primary aim 1 analysis. While the odds ratios
are somewhat attenuated in certain strata (perhaps due
to reduced precision from smaller sample sizes), the
predictors of failure to achieve BP control were
consistent. No additional predictors of failure to
achieve BP control were identified in these models.
In each stratum evaluated, having a prior stage 2 BP
(within 12months prior to the index date) and an index
SBP ≥185 were strongly associated with failure to
achieve BP control. Among patients with incident
stage 2 BP (no baseline BP measurement) and those
with no baseline prescribing record for an antihyper-
tensive, the number of baseline office visits was no
longer significantly predictive of failure to achieve BP
control.

DISCUSSION

Consistent with previous research, ~50% of patients
with stage 2 hypertension achieved blood pressure con-
trol.12,18 Our study also confirms and extends upon prior
research by identifying predictors of failure to achieve
BP control specifically for patients with stage 2 hyper-
tension. The goal of the predictive model was to give
HCPs a tool to identify patient characteristics associated

Table 2. Top 10 antihypertensive regimens prescribed in the 6-month
follow-up period among patients prescribed at least one antihypertensive

Follow-up antihypertensive regimens % of patients

ACE 8.1
ACE + thiazide 5.9
BB 5.5
CCB 3.4
ARB + thiazide 3.2
ARB 3.2
ACE + BB 3.1
ACE + CCB 2.6
Thiazide 2.5
ACE + thiazide + BB 2.5
Other antihypertensive regimen 60.0

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers;
thiazide, thiazide diuretics; CCB, calcium channel blockers-dihydropyridines;
BB, beta blockers.

Figure 3. Association (adjusted odds ratios and 95% confidence interval (CI)) between adding one antihypertensive class (RxAH) on the index date to the
baseline (BL) antihypertensive regimen and achieving blood pressure control at 30 days—stratified by the number of baseline antihypertensive classes. The
sample size for each stratum is on the inside of the y-axis

stage 2 hypertension: predictors of failure to achieve bp control
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with the greatest risk of not achieving BP control and
ultimately patients, who possess these characteristics,
who are at the highest risk for deleterious outcomes
(e.g., stroke, myocardial infarction (MI), renal dys-
function, and death). The strongest predictor of not
achieving BP control was having a stage 2 BP in the
year before the index date. These patients were ~2.5
times as likely not to achieve BP control compared with
patients with normal baseline BP (i.e.,BP<140/90).
Another robust predictor of not achieving BP control
was the SBP on the index date (index SBP). Compared
with patients with an index SBP<165, those with an in-
dex SBP≥185 were ~57% more likely not to achieve
BP control at 6months. An important health care utiliza-
tion metric that was predictive of failure to achieve BP
control was the number of baseline office visits. Our re-
sults showed that patients with no baseline office visits
were twice as likely to not achieve BP control compared
with patients with an office visit at least every other
month. Given the potential implications of persistently
uncontrolled stage 2 hypertension, this frequency of
patient–provider encounters is well justified. Other
predictors included Black race compared with other
races, male sex, and obesity (BMI≥30). Not reported
in other studies was the association of income—
which may be related to access to health care; how-
ever, further research is warranted to elucidate this
association.
These findings are consistent with previous

research, although other studies, not restricted to
stage 2 hypertension, also found diabetes, CKD,
and cardiovascular disease predictive of failure to
achieve BP control.13,14 Previous studies in patients
with relatively mild hypertension found that increased
patient–provider encounters are associated with an
increased likelihood of achieving BP control.17 Our
findings show that, among patients with stage 2 hyper-
tension, the frequency of baseline patient–provider
encounters were strongly associated with failure to
achieve BP control. These results are supported by
prior researchers who reported faster BP normalization
with shorter intervals between provider–patient
encounters.17,19

As expected, adding one additional antihypertensive
class (to the prescribed baseline antihypertensive regi-
men) was associated with an increased likelihood of
achieving BP control. However, the more antihyper-
tensive classes a patient was already prescribed during
baseline resulted in a smaller incremental benefit.
Once patients were already prescribed two or more
baseline antihypertensive classes, the association was
no longer significant. These results are mostly consis-
tent with prior research except that adding a third

antihypertensive class (to patients on dual-class antihy-
pertensive therapy during baseline) was not significantly
associated with achieving BP control. This may be
related to reduced precision arising from the smaller
sample size in that stratum (n=2089).
We found substantial heterogeneity in the prescribed

antihypertensive regimens during the 6-month follow-
up period. Five of the top 10 antihypertensive regi-
mens included only a single-class antihypertensive
therapy. The top 10 antihypertensive regimens
accounted for only 40% of all regimens prescribed.
This degree of heterogeneity may be related to patient
comorbidities, lack of antihypertensive efficacy, side
effects of certain antihypertensives, numerous antihy-
pertensives available, or perhaps a lack of comparative
effectiveness data to guide prescribing decisions.
Further research is warranted to better understand the
antihypertensive prescribing heterogeneity for patients
with stage 2 hypertension.
It is encouraging that, consistent with the recom-

mendations of antihypertensive guidelines, ~73% of
patients with stage 2 hypertension were prescribed at
least dual-class antihypertensive therapy (within
6months following the index date). This percentage
is more than three times higher than reported in a
2008 study, using a US-based EMR database, which
showed 24% of patients were prescribed at least two
antihypertensive classes.18 The difference may be
attributable to heterogeneous practice patterns among
the providers included or perhaps increased awareness
of the effectiveness of dual-class or combination anti-
hypertensive therapy over time.
The findings from this study are likely generalizable

to patients with stage 2 hypertension in the USA and
other countries with similar age, race, comorbidity
distributions, and health care structure. A benefit of
using EMR data from multiple multi-specialty medical
groups is the diversity of health plans included, which
may provide a study cohort more representative of
patients receiving ambulatory care in the USA.
Supporting the generalizability of the study findings,
(i) the baseline characteristics were similar for patients
with stage 2 hypertension who were included versus
excluded from study entry, and (ii) the primary find-
ings were consistent for patients who were prescribed
an antihypertensive agent in the baseline period and
those who were not.
For aim 2, a potential misclassification relates to

classifying medication exposure based on prescribing
data rather than pharmacy dispensing data. In the ab-
sence of complete administrative claims data, it is pos-
sible that patients with an antihypertensive prescribing
record in the EMR never filled the medication at the
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pharmacy. This would potentially bias the aim 2 find-
ings. However, given that both exposed and unex-
posed groups had an antihypertensive prescribing
record on the index date (except the reference or “un-
exposed” group who were not prescribed an antihyper-
tensive agent during baseline nor on the index date), it
is likely that any misclassification related to not filling
a prescription would be non-differential between the
exposure groups and attenuate the association toward
the null. Further research, using linked clinical and
pharmacy claims data, is warranted to confirm the as-
sociations found in this study (for aim 2). Furthermore,
it is possible that study cohort members received med-
ical care, including antihypertensive treatment, outside
the EMR ascertainment network. We mitigated this
bias to some degree by requiring that most patients
included in the aim 2 analyses had evidence of an
antihypertensive prescribing record on the index date.
Finally, like any observational study, this study is ex-
posed to potential confounding bias. We adjusted for
confounding using multivariable adjustment; however,
it was not possible to adjust for variables that could not
be identified or measured. Including predictors of
blood pressure control from prior research, we
assessed all variables as potential confounders and ad-
justed for true confounders in the multivariable logistic
regression models.

CONCLUSIONS

Controlling BP for patients with stage 2 hypertension
remains challenging. The most significant baseline
predictors of failure to achieve BP control were having
a prior stage 2 BP, an SBP≥185, and no office visits in
the last 12months. Adding one additional antihyper-
tensive agent was associated with an increased
likelihood of achieving BP control; however, the
magnitude of the effect diminished as the number of
baseline classes increased. There is broad heterogene-
ity in the antihypertensive regimens prescribed.
Contrary to hypertension guidelines, ~27% of patients
with stage 2 hypertension were prescribed single-class
antihypertensive therapy as opposed to the recom-
mended dual-class antihypertensive therapy.
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KEY POINTS

Among patients with stage 2 hypertension:
• 50% achieved BP control at six months.
• Significant, independent predictors of failure to
achieve BP control were: prevalent stage 2 hyperten-
sion, a SBP>185, and fewer baseline office visits.

• Intensifying from single-class to dual-class anti-
hypertensive therapy significantly increased the
likelihood of achieving BP control (OR=1.42).

• There is broad heterogeneity in the antihyperten-
sive regimens prescribed.

• Contrary to hypertension guidelines, 27% were
prescribed single-class antihypertensive therapy.
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NOVELTY AND SIGNIFICANCE

While prior research has been focused on hypertension
in general, the focus on stage 2 hypertension was
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meant to yield results applicable to the patients at the
greatest risk for serious complications and for whom
achieving BP control is most challenging. This re-
search provides a substantial contribution to improv-
ing population health as it offers guidance to health
care providers about patient characteristics associated
with failure to achieve BP control in the face of stage
2 hypertension and interventions that may help.

REFERENCES

1. Gorgui J, Gorshkov M, Khan N, Daskalopoulou SS. Hypertension as a risk factor
for ischemic stroke in women. Can J Cardiol 2014; 30(7): 774–782.

2. Rapsomaniki E, Timmis A, George J, et al. Blood pressure and incidence of
twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and age-
specific associations in 1.25 million people. Lancet 2014; 383(9932): 1899–1911.

3. Pastor-Barriuso R, Banegas JR, Damian J, Appel LJ, Guallar E. Systolic blood
pressure, diastolic blood pressure, and pulse pressure: an evaluation of their joint
effect on mortality. Ann Intern Med 2003; 139(9): 731–739.

4. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of
usual blood pressure to vascular mortality: a meta-analysis of individual data for
one million adults in 61 prospective studies. Lancet 2002; 360(9349): 1903–1913.

5. Sim JJ, Shi J, Kovesdy CP, Kalantar-Zadeh K, Jacobsen SJ. Impact of achieved
blood pressures on mortality risk and end-stage renal disease among a large, di-
verse hypertension population. J Am Coll Cardiol 2014; 64(6): 588–597.

6. Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C. Elevated blood pres-
sure and risk of end-stage renal disease in subjects without baseline kidney dis-
ease. Arch Intern Med 2005; 165(8): 923–928.

7. EganBM, ZhaoY,AxonRN.US trends in prevalence, awareness, treatment, and con-
trol of hypertension, 1988–2008. JAMA-J AmMed Assoc 2010; 303(20): 2043–2050.

8. Olives C, Myerson R, Mokdad AH, Murray CJ, Lim SS. Prevalence, awareness,
treatment, and control of hypertension in United States counties, 2001–2009.
PLoS One 2013; 8(4): e60308.

9. Vital signs: awareness and treatment of uncontrolled hypertension among adults--
United States, 2003–2010. MMWR Morb Mortal Wkly Rep 2012; 61: 703–709.

10. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure - The JNC 7 Report. JAMA-J Am Med Assoc 2003; 289(19): 2560–2572.

11. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC Guidelines for the
management of arterial hypertension. The Task Force for the management of ar-
terial hypertension of the European Society of Hypertension (ESH) and of the
European Society of Cardiology (ESC). J Hypertens 2013; 31(7): 1281–1357.

12. Rowan CG, Turner JR, Shah A, Spaeder JA. Antihypertensive treatment and
blood pressure control relative to hypertension treatment guidelines. Pharma-
coepidemiol Drug Saf 2014; 23(12): 1294–1302.

13. Egan BM, Bandyopadhyay D, Shaftman SR, Wagner CS, Zhao Y, Yu-Isenberg
KS. Initial monotherapy and combination therapy and hypertension control the
first year. Hypertension 2012; 59(6): 1124–1131.

14. Cushman WC, Ford CE, Cutler JA, et al. Success and predictors of blood pres-
sure control in diverse North American settings: the antihypertensive and lipid-
lowering treatment to prevent heart attack trial (ALLHAT). J Clin Hypertens
2002; 4(6): 393–404.

15. National High Blood Pressure Education P. The seventh report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. Bethesda (MD): National Heart, Lung, and Blood Institute
(US), 2004.

16. Kreutz R, Ammentorp B, Laeis P, de la Sierra A. Efficacy and tolerability of
triple-combination therapy with olmesartan, amlodipine, and hydrochlorothia-
zide: a subgroup analysis of patients stratified by hypertension severity, age,
sex, and obesity. J Clin Hypertens 2014; 16(10): 729–740.

17. Turchin A, Goldberg SI, Shubina M, Einbinder JS, Conlin PR. Encounter fre-
quency and blood pressure in hypertensive patients with diabetes mellitus. Hy-
pertension 2010; 56(1): 68–74.

18. Weycker D, Edelsberg J, Vincze G, Levy DG, Kartashov A, Oster G. Blood pres-
sure control in patients initiating antihypertensive therapy. Ann Pharmacother
2008; 42(2): 169–176.

19. Morrison F, Shubina M, Turchin A. Encounter frequency and serum glucose
level, blood pressure, and cholesterol level control in patients with diabetes
mellitus. Arch Intern Med 2011; 171(17): 1542–1550.

SUPPORTING INFORMATION

Additional supporting information may be found in
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